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ABSTRACT

Background

Phenylketonuria is an inherited disease for which the main treatment is the dietary restriction of the amino acid phenylalanine. The diet
has to be initiated in the neonatal period to prevent or reduce mental handicap. However, the diet is very restrictive and unpalatable and
can be difficult to follow. A deficiency of the amino acid tyrosine has been suggested as a cause of some of the neuropsychological problems
exhibited in phenylketonuria. Therefore, this review aims to assess the efficacy of tyrosine supplementation for phenylketonuria.

Objectives

To assess the effects of tyrosine supplementation alongside or instead of a phenylalanine-restricted diet for people with phenylketonuria,
who commenced on diet at diagnosis and either continued on the diet or relaxed the diet later in life. To assess the evidence that tyrosine
supplementation alongside, or instead of a phenylalanine-restricted diet improves intelligence, neuropsychological performance, growth
and nutritional status, mortality rate and quality of life.

Search methods

We searched the Cochrane Cystic Fibrosis and Genetic Disorders Group's Trials Register which is comprised of references identified from
comprehensive electronic database searches, handsearches of relevant journals and abstract books of conference proceedings. Additional
studies were identified from handsearches of the Journal of Inherited Metabolic Disease (from inception in 1978 to 1998). The manufacturers
of prescribable dietary products used in the treatment of phenylketonuria were also contacted for further references.

Date of the most recent search of the Group's Inborn Errors of Metabolism Trials Register: 28 June 2012.

Selection criteria

All randomised or quasi-randomised trials investigating the use of tyrosine supplementation versus placebo in people with
phenylketonuria in addition to, or instead of, a phenylalanine-restricted diet. People treated for maternal phenylketonuria were excluded.

Data collection and analysis

Two authors independently assessed the trial eligibility, methodological quality and extracted the data.

Main results

Six trials were found, of which three trials reporting the results of a total of 56 participants, were suitable for inclusion in the review. The
blood tyrosine concentrations were significantly higher in the participants receiving tyrosine supplements than those in the placebo group,
mean difference 23.46 (95% confidence interval 12.87 to 34.05). No significant differences were found between any of the other outcomes
measured.

Tyrosine supplementation for phenylketonuria (Review) 1
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Authors' conclusions

From the available evidence no recommendations can be made about whether tyrosine supplementation should be introduced into
routine clinical practice. Further randomised controlled studies are required to provide more evidence.

PLAIN LANGUAGE SUMMARY

Adding the amino acid tyrosine to the diet of people with phenylketonuria

Phenylketonuria is an inherited disease. People with phenylketonuria can either not process phenylalanine from their diet at all or only
in part. High blood levels of phenylalanine can cause brain or nerve damage. A diet avoiding foods high in phenylalanine can be hard to
follow. People with phenylketonuria can have low levels of the amino acid tyrosine in their blood. We searched for trials which compared
adding tyrosine to diet along with or instead of a phenylalanine-restricted diet. We were able to include three trials with 56 people in the
review. Although the amount of tyrosine measured in the blood of those taking the supplement was higher, there were no differences
noted in any other outcome measures. There is no evidence to suggest that tyrosine should be routinely added to the diet of people with
phenylketonuria. Further randomised controlled trials are needed to provide more evidence.

Tyrosine supplementation for phenylketonuria (Review) 2
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BACKGROUND

Description of the condition

Phenylketonuria (PKU) is an inherited disease which affects 100
cases per million live births in Caucasian and Oriental populations
(Scriver 1995). This disease is characterised by an absence or
deficiency of the enzyme phenylalanine hydroxylase, a liver
enzyme which is involved in the breakdown of the essential amino
acid phenylalanine to tyrosine. In classical PKU there is a total, or
almost total, deficiency of phenylalanine hydroxylase leading to
high blood phenylalanine concentrations of 1200 pmol/L or more
(Scriver 1995). In some cases blood phenylalanine concentrations
are persistently raised above 400 pumol/L, but not to the levels
seen in classical PKU, although some degree of phenylalanine
hydroxylase activity remains present. These conditions are called
the hyperphenylalaninaemias. However, for the purpose of this
review the term PKU will be used to include both classical PKU and
the hyperphenylalaninaemias.

In an infant with PKU, the blood phenylalanine concentration is
within the normal range at birth, but becomes elevated usually
within several hours to a few days of commencing a normal dietary
protein intake. In severe cases this leads to neurological damage
and mental retardation if left untreated (Paine 1957). In infants with
less severe phenylalanine hydroxylase deficiency the occurrence of
brain damage is more variable.

The results of a number of cohort studies have indicated that
dietary treatment of PKU is effective in preventing, or reducing,
mental handicap, if initiated within the first 20 days of life
(MRC1 1993). The main principle of the diet is to reduce blood
phenylalanine levels by avoiding foods with moderate to high
levels of phenylalanine and to provide additional protein using a
low phenylalanine or phenylalanine-free amino acid supplement
(Dixon 1994). Itis currently recommended that this diet is continued
for life (MRC2 1993). The diet for PKU can be very complicated to
follow and is often considered to be unpalatable. Therefore, it is
sometimes difficult for people to adhere to the diet strictly, if at
all. In view of this researchers have investigated other potential
therapies which would facilitate compliance to treatment (Pietz
1995). Supplementation of the diet with tyrosine is one such
therapy which has been studied in PKU.

Description of the intervention

Tyrosine, a neutral amino acid, is a precursor of two central
neurotransmitters (chemicals which assist in the transmission
of nerve impulses), dopamine and noradrenaline. High blood
concentrations of phenylalanine have been found to impair uptake
of tyrosine into the brain and result in lower than normal levels
of tyrosine in both the blood and the brain (Oldendorf 1973).
This deficiency of tyrosine has been suggested as one reason
for the decreased neuropsychological performance seen in some
people with PKU (Smith 1998). It has been suggested that tyrosine
supplementation could have an important role in the treatment
of PKU, although trials investigating this have achieved differing
results and no specific recommendations have been made for its
use (Lou 1985; Mazzocco 1992; Pietz 1995).

OBJECTIVES

The aim of this review is to examine evidence that, in people
with PKU (who commenced the diet at diagnosis and either
continued on the diet or relaxed the diet later in life) tyrosine
supplementation alongside, or instead of low phenylalanine diet,
improves: intelligence; neuropsychological performance; growth
and nutritional status; mortality rate; and quality of life.

METHODS

Criteria for considering studies for this review
Types of studies

Randomised controlled trials (RCTs), both published and
unpublished. Trials where quasi-randomisation methods such as
alternation are used will be included in future updates if there is
sufficient evidence that the treatment and comparison groups are
comparable in terms of clinical and nutritional status.

Types of participants

Individuals of any age with PKU and other forms of phenylalanine
hydroxylase deficiency diagnosed by the Guthrie test or other
recognised, validated screening test, in which dietary treatment
was initiated early in infancy and continued or relaxed later in life.
People treated for maternal PKU were not eligible for inclusion.

Types of interventions

Enteral supplementation of tyrosine compared with no tyrosine
supplementation or placebo. Thisintervention may have been used
either in combination with, or instead of, a low phenylalanine diet
(and with or without the addition of the low phenylalanine or
phenylalanine-free amino acid supplement).

Types of outcome measures

Outcome data were grouped into those measured at one, three,
six, twelve months and annually thereafter. If outcome data were
recorded at other time periods then consideration was given to
examining these as well.

Primary outcomes

1. Blood phenylalanine and tyrosine concentrations
2. Weight gain and any other indices of nutritional status or growth
3. Measures of intelligence and neuropsychological performance

Secondary outcomes

1. Measures of quality of life

2. Death

Search methods for identification of studies
Electronic searches

Relevant trials were identified from the Group's Inborn Errors
of Metabolism Trials Register using the terms: tyrosine OR 4-
hydroxyphenylalanine.

The Inborn Errors of Metabolism Trials Register is compiled from
electronic searches of the Cochrane Central Register of Controlled
Trials (CENTRAL) (updated each new issue of The Cochrane Library),
quarterly searches of MEDLINE and the prospective handsearching
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of one journal - Journal of Inherited Metabolic Disease. Additional
studies were identified from handsearches of the Journal of
Inherited Metabolic Disease (from inception in 1978 to 1998).
Unpublished work was identified by searching through the abstract
books of the Society for the Study of Inborn Errors of Metabolism
conference and the SHS Inborn Error Review Series. For full details
of all searching activities for the register, please see the relevant
section of the Cystic Fibrosis and Genetic Disorders Review Group
Module.

Date of the most recent search of the Group's Inborn Errors of
Metabolism Trials Register: 28 June 2012.

Searching other resources

Additional RCTs were identified from reference lists. Manufacturers
of dietary products used in the treatment of PKU were contacted for
any data from published and unpublished RCTs that they may have
on file.

Data collection and analysis
Selection of studies

Two authors independently selected the trials to be included in the
review.

Data extraction and management

The authors extracted data independently.

Assessment of risk of bias in included studies

Two authorsindependently assessed the methodological quality of
thetrialsincluded in the review, according to the method described
by Schulz (Schulz 1995). If the two authors disagreed about the
quality of a trial, then the disagreement was resolved by discussion
until a consensus was reached.

The method used to assess the quality of the trials focuses on four
areas: allocation concealment; generation of the randomisation
sequence; intention-to-treat analysis and blinding. We graded
whether the allocation of participants to treatment groups was
concealed to the investigators as being adequate, unclear or
inadequate. We used the same three categories to assess the
adequacy of the method used to generate the randomisation
sequence. The third area by which we assessed the quality of the
trials was whether an intention-to-treat analysis was employed.
We assessed this using the following categories; adequate, unclear
or with exclusions (i.e. participants were excluded from the final
analysis).

Measures of treatment effect

For binary outcome measures, we planned to calculate a pooled
estimate of the treatment effect for each outcome across studies,
(the odds of an outcome among treatment allocated participants
to the corresponding odds among controls). For continuous
outcomes, we planned to record either mean change from baseline
for each group or mean post-treatment/intervention values and
standard deviation or standard error for each group. We planned to
calculate a pooled estimate of treatment effect by calculating the
mean difference.

Unit of analysis issues

We considered three methods of analysis for cross-over trials,
depending on which data were available (Elbourne 2002). The ideal
approach would have been to use the results of paired analysis,
as this would have allowed a within-individual comparison of the
treatment effect. If such data were not available, a second approach
would have been to use data from the first arm of the trial only,
and to ignore data from after the participants crossed-over into the
second arm of the trial. A third, and unsatisfactory, approach would
have been to ignore the cross-over design and use the combined
results. This approach disregards the fact that the participants have
appeared in both arms of the trial. The concern with this approach
is the risk that any carry-over effect of the treatment could distort
theresults of the individual trials, and ultimately the meta-analysis.

Assessment of heterogeneity

We tested for heterogeneity between trial results using a standard
chi squared test.

Data synthesis

In order to allow an intention-to-treat analysis, we sought data on
the number of participants with each outcome event, by allocated
treatment group, irrespective of compliance and whether or not the
participant was later thought to be ineligible or otherwise excluded
from treatment or follow up.

Subgroup analysis and investigation of heterogeneity

Subgroup analysis stratifying according to whether the participants
continued to follow, or discontinued a low-phenylalanine diet prior
and during the trial was performed.

Sensitivity analysis

We planned to perform a sensitivity analysis based on the
methodological quality of the trials, including and excluding quasi-
randomised trials.

RESULTS

Description of studies
Results of the search

Eight trials were identified by the searches (Kalkanoglu 2005; Lou
1987; Lykkelund 1988; MacDonald 2003; Mazzocco 1992; Pietz 1995;
Smith 1998; Wasser 1992).

We are aware of one further trial which may be eligible for inclusion
in the review, however, we have not yet been able to contact the
authors to obtain information to assess whether this trial is eligible
forinclusion in the review (Lines 1997).

Included studies

Three trials (56 participants) met the criteria for inclusion in
the review (Mazzocco 1992; Pietz 1995; Smith 1998). All the
trials investigated the effect of tyrosine supplementation in
people with PKU who were diagnosed by neonatal screening
and commenced on phenylalanine-restricted diet in early infancy.
The trial by Pietz included people who had been on a relaxed
diet for at least a year and investigated the effect of tyrosine
supplementation alongside a relaxed diet (Pietz 1995). In the trials
by Smith and Mazzocco, tyrosine supplementation in addition to

Tyrosine supplementation for phenylketonuria (Review)
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the phenylalanine-restricted diet was investigated in a group of
people who had remained on the diet from diagnosis (Mazzocco
1992; Smith 1998). All of the three trials were of cross-over design
and both treatment and control arms of two of the trials were
of four weeks duration (Pietz 1995; Smith 1998). The remaining
trial entailed a double cross-over design with each arm lasting 10
to 14 days and no washout period in between (Mazzocco 1992).
Therefore, for this trial we have only used the data from the first
cross-over period (Mazzocco 1992).

All of the three included trials were of cross-over design (Mazzocco
1992; Pietz 1995; Smith 1998). One trial, which entailed a double
cross-over design with each arm lasting 10 to 14 days and no
washout period in between, published data which allowed the
results of the first arm of the trial only to be used in the analysis
(Mazzocco 1992). Similar first-arm data were not provided in the
remaining two trials (where both treatment and control arms were
of four weeks duration), therefore this method of analysis was not
an option. For these, data from both arms of the trial had been
combined, thus ignoring the cross-over design (Pietz 1995; Smith
1998).

Excluded studies

On closer inspection, two trials identified were not randomised
controlled trials (Lykkelund 1988; Wasser 1992). One trial
was identified which investigated the effect of tyrosine
supplementation for PKU, however, we did not consider this
eligible for inclusion (Lou 1987). The reason for this was that
the intervention was only administered for three days, and most
of the participants (9 of 14) did not achieve dietary control
within the recommended time frame (before one month of age).
In addition, this trial employed a cross-over design, but the
trial publication does not provide the necessary data to allow
the appropriate analysis of the results. A third trial investigated
intellectually disabled adults with untreated PKU Kalkanoglu 2005.
The final trial investigated the use of phenylalanine-free protein
substitutes, containing all amino acids other than phenylalanine,
rather than just the effect of an additional tyrosine only supplement
(MacDonald 2003).

Risk of bias in included studies
Allocation

Allocation concealment was unclear in all three studies (Mazzocco
1992; Pietz 1995; Smith 1998). We considered the generation of
randomisation sequence to be adequate in the trial by Smith (Smith
1998) but considered it unclear in the trials by Pietz and Mazzocco
(Mazzocco 1992; Pietz 1995).

Blinding

All three studies were reported to be double-blinded (Mazzocco
1992; Pietz 1995; Smith 1998).

Incomplete outcome data

In two of the trials a number of participants were excluded from the
final analysis. In one trial, two participants were excluded for either
failing to take the allocated supplement or due to pharmacy errors
(Smith 1998). In the other trial the reason for the exclusion of two
participants is not adequately described (Pietz 1995). The third trial
employed adequate intention-to-treat analysis, with no exclusions
(Mazzocco 1992).

Effects of interventions
Primary outcomes
1. Blood phenylalanine concentration

This outcome was measured in all three trials. In two trials
this measure was recorded after four weeks on tyrosine
supplementation and after four weeks on placebo (Pietz 1995;
Smith 1998); in the third study each arm of the trial lasted 10
to 14 days (Mazzocco 1992). There was no significant difference
between the blood phenylalanine concentrations in the treatment
and control arms of these trials.

2. Blood tyrosine concentration

Blood tyrosine concentrations were measured after four weeks on
treatment and four weeks on placebo in two of the trials (Pietz
1995; Smith 1998) and after 10 to 14 days in each arm in the
third trial (Mazzocco 1992). The blood tyrosine concentrations were
significantly higher in the treatment arm than the control arm of
two of the three trials and meta-analysis reflected this, weighted
mean difference 23.46 (95% confidence interval 12.87 to 34.05).

3. Weight gain
This outcome was not measured in any of the trials.

4. Other measures of nutritional status

This outcome was not measured in any of the trials.

5. Intelligence quotient

This outcome was only measured in one trial but the results of all
the participants were combined and compared with a group of non-
PKU participants (Pietz 1995). Therefore, this outcome could not be
assessed.

6. Neuropsychological performance

All three trials evaluated a number of measures of
neuropsychological performance. Only one common measure,
'simple reaction time', was used in two trials although it was unclear
whether the same method was used for both (Pietz 1995; Smith
1998). No significant difference was found between the treatment
arm and the control arm in either trial or as the result of meta-
analysis.

Secondary outcomes
1. Quality of life

This outcome was not measured in any of the trials.

2. Mortality

This outcome was not measured in any of the trials.
DISCUSSION

The three trials considered in this review were of a good quality,
but only included a small number of participants. The length of
the treatment and control arms were short in all three trials and
some of the outcomes considered important in this review were not
measured. A significant difference was found between the blood
tyrosine concentration in the treatment and control arm of all
three trials, as would be expected when the treatment was tyrosine
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supplementation. No other significant differences were found in
any of the other outcomes.

AUTHORS' CONCLUSIONS

Implications for practice

No conclusions can be reached on the effectiveness of tyrosine
supplementation in PKU based on the evidence currently available.
It is suggested that tyrosine supplementation is not introduced
into widespread clinical practice until this intervention has been
evaluated in a large multicentre RCT.

Implications for research

There are good theoretical reasons for believing that tyrosine
supplementation may improve neuropsychological performance
in PKU. There is thus a need for this intervention to be properly
evaluated in RCTs over a long enough time period for any
therapeutic effect to be demonstrated. Attention needs to be
paid to including adequate numbers of participants, the dosage
of tyrosine to be used and the length of time over which the
intervention is taken. It would also be necessary to consider

which are the appropriate outcomes to measure and consumer
involvement in the design of the trial would be useful.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]

Mazzocco 1992

Methods

Randomised double-blind, double cross-over controlled trial.

Participants

9 people with PKU (4 males, mean age 10.25 years, range 6.5 - 13.25 years). Phenylalanine restricted di-
et commenced in early infancy and continued at various levels throughout the trial.

Interventions

Phenylalanine restricted diet with a tyrosine supplement (2500 mg/day) in treatment arm (10 - 14
days), phenylalanine-restricted diet with placebo in control arm (10 - 14 days) of the trial.

Outcomes Blood phenylalanine and tyrosine concentrations, 6 tests of prefrontal functioning were carried out.

Notes A double cross-over design with all participants receiving both the placebo and tyrosine supplements
on 2 separate occasions with no washout period in between.

Risk of bias

Bias Authors' judgement Support for judgement

Blinding (performance Low risk Double-blinded.

bias and detection bias)

All outcomes

Incomplete outcome data  Low risk An adequate intention-to-treat analysis was undertaken with no exclusions.

(attrition bias)
All outcomes

Pietz 1995

Methods

Randomised double-blind cross-over controlled trial. Duration 24 weeks.

Participants

24 people with PKU (11 males, mean age 20.8 years, range 16 - 25 years). Low phenylalanine diet com-
menced early in infancy. Diet relaxed for approximately 1 year prior to study.

Interventions

All participants continued on relaxed diet. Participants received 100 mg/kg/day tyrosine in treatment
arm (4 weeks) or placebo in control arm (4 weeks).

Outcomes Blood phenylalanine and tyrosine concentrations. Blood chemistry and urinalysis was carried out as
were visual evoked potentials and electroencephalographic spectral analysis. The following neuropsy-
chological tests were carried out; Wechsler Intelligence Scale for Children, Sonneville Visual Attention
Task, Finger Motor Speed Exercise, Dot Pattern Exercise.

Notes 3 participants were excluded from the final analysis.

Risk of bias
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Pietz 1995 (continued)

Bias Authors' judgement  Support for judgement

Blinding (performance Low risk Double-blinded.
bias and detection bias)
All outcomes

Incomplete outcome data  Unclear risk The reason for the exclusion of two participants is not adequately described.
(attrition bias)
All outcomes

Smith 1998

Methods Randomised double-blind cross-over controlled trial. Duration 12-16 weeks.

Participants 23 people with PKU (11 males, mean age 11.3 years, range 6 - 28 years). Phenylalanine restricted diet
commenced in early infancy and continued at various levels until the start of the trial.

Interventions Phenylalanine-restricted diet with a tyrosine supplement (100 mg/kg/day) in treatment arm (4 weeks),
phenylalanine-restricted diet with placebo in control arm (4 weeks) of the trial.

Outcomes Blood phenylalanine and tyrosine concentrations and phenylalanine: tyrosine ratio. A number of neu-
ropsychological tests were carried out.

Notes 2 participants were lost to follow up.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk
tion (selection bias)

Blinding (performance Low risk Double-blinded.
bias and detection bias)
All outcomes

Incomplete outcome data  Unclear risk Two participants were excluded for either failing to take the allocated supple-
(attrition bias) ment or due to pharmacy errors.
All outcomes

PKU: phenylketonuria

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion
Kalkanoglu 2005 Study investigates intellectually disabled adults with untreated PKU.
Lou 1987 Intervention was only administered for 3 days. Nine of 14 participants did not achieve dietary con-

trol in the neonatal period.

Lykkelund 1988 Not a randomised controlled trial or not people with PKU.
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Study

Reason for exclusion

MacDonald 2003

Study investigated the use of phenylalanine-free protein substitutes, containing all amino acids
other than phenylalanine, rather than just the effect of an additional tyrosine only supplement.

Wasser 1992

Not a randomised controlled trial.

PKU: phenylketonuria

Characteristics of studies awaiting assessment [ordered by study ID]

Lines 1997

Methods

Double-blind cross-over trial. Placebo controlled.

Participants

Initially 9 participants (children and adults) who had a stable intake of phenylalanine according to
diet diary. However, 3 patients compromised ;1 due to poor compliance associated with change in
caretaker; 1 due to illness interfering with phenylalanine intake; 1 adult took half required dose for
the first month.

Weight range: 37-87 kg

Interventions

2 months in each intervention arm. Tyrosine supplement 40 mg/kg/day given in soft gelatine cap-
sules in divided doses with the 3 main meals of the day.

Outcomes

Weekly measures of blood phenylalanine levels.

Notes

DATA AND ANALYSES

Comparison 1. Tyrosine versus placebo (all participants)

Outcome or subgroup title No. of No. of Statistical method Effect size

studies partici-

pants

1 Blood phenylalanine concen- 3 mean difference (Fixed, 95% Cl) 21.78 [-75.69, 119.25]
tration (umol/l) (0-3 months)
2 Blood tyrosine concentra- 3 mean difference (Fixed, 95% Cl) 23.46 [12.87,34.05]
tion(umol/l) (0-3 months)
3 Weight gain (kg) (0-3months) 0 0 Mean Difference (1V, Fixed, 95% Cl) 0.0[0.0,0.0]
4 Intelligence quotient (1Q) (0-3 0 0 Mean Difference (IV, Fixed, 95% Cl) 0.0[0.0,0.0]
months)
5 Neuropsychological perfor- 0 0 Mean Difference (IV, Fixed, 95% Cl) 0.0[0.0,0.0]
mance (0-3 months)
6 Quality of life 0 0 Mean Difference (IV, Fixed, 95% Cl) 0.0[0.0, 0.0]

Tyrosine supplementation for phenylketonuria (Review)
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Outcome or subgroup title No. of No. of Statistical method Effect size
studies partici-
pants
7 Death 0 0 0dds Ratio (M-H, Fixed, 95% Cl) 0.0[0.0, 0.0]

Analysis 1.1. Comparison 1 Tyrosine versus placebo (all participants),
Outcome 1 Blood phenylalanine concentration (umol/l) (0-3 months).

Study or subgroup Tyrosine Placebo mean dif- mean difference Weight mean difference
ference

N N (SE) IV, Fixed, 95% CI IV, Fixed, 95% CI
Mazzocco 1992 1 1 5.1(87.386) — 32.38% 5.11[-166.16,176.38]
Pietz 1995 1 1 36 (95.924) — 26.88% 36[-152.01,224.01]
Smith 1998 1 1 25.7 (77.912) —— 40.74% 25.65[-127.05,178.35]
Total (95% CI) > 100% 21.78[-75.69,119.25]
Heterogeneity: Tau?=0; Chi*=0.06, df=2(P=0.97); 1>=0%
Test for overall effect: Z=0.44(P=0.66)

Favours tyrosine ~ -1000  -500 0 500 1000 Favours placebo

Analysis 1.2. Comparison 1 Tyrosine versus placebo (all participants),
Outcome 2 Blood tyrosine concentration(umol/l) (0-3 months).

Study or subgroup Tyrosine Placebo mean dif- mean difference Weight mean difference
ference

N N (SE) IV, Fixed, 95% CI IV, Fixed, 95% CI
Mazzocco 1992 1 1 31.7(16.93) H 10.18% 31.67[-1.51,64.85]
Pietz 1995 1 1 109 (17.845) * 9.16% 109[74.02,143.98]
Smith 1998 1 1 12.7 (6.015) . 80.65% 12.7[0.91,24.49]
Total (95% Cl) | 100% 23.46[12.87,34.05]
Heterogeneity: Tau?=0; Chi*=26.41, df=2(P<0.0001); 1>=92.43%
Test for overall effect: Z=4.34(P<0.0001)

Favours placebo ~ -1000  -500 0 500 1000 Favours tyrosine

Comparison 2. Tyrosine versus placebo (continued on diet versus discontinued diet)

Outcome or subgroup title No. of No. of Statistical method Effect size
studies partici-
pants
1 Blood phenylalanine concentration 3 mean difference (Fixed, 95% Cl) Subtotals only

(umol/l) (0-3 months)

1.1 Participants with PKU continued ondi- 2 mean difference (Fixed, 95% Cl) 16.55[-97.43,
et since diagnosis 130.53]
Tyrosine supplementation for phenylketonuria (Review) 11
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Outcome or subgroup title No. of No. of Statistical method Effect size

studies partici-

pants

1.2 Participants with PKU on diet from di- 1 mean difference (Fixed, 95% Cl) 36.0[-152.01,
agnosis who no longer follow diet 224.01]
2 Blood tyrosine concentration (umol/l) 3 mean difference (Fixed, 95% Cl) Subtotals only
(0-3 months)
2.1 Participants with PKU continued ondi- 2 mean difference (Fixed, 95% Cl) 14.83 [3.72,
et since diagnosis 25.94]
2.2 Participants with PKU on diet from di- 1 mean difference (Fixed, 95% Cl) 109.0 [74.02,
agnosis who no longer follow diet 143.98]
3 Weight gain (kg) (0-3 months) 0 Mean Difference (IV, Fixed, 95% Cl) Subtotals only
3.1 Participants with PKU continued ondi- 0 0 Mean Difference (IV, Fixed, 95% Cl) 0.0[0.0,0.0]
et since diagnosis
3.2 Participants with PKU on diet from di- 0 0 Mean Difference (IV, Fixed, 95% Cl) 0.0[0.0, 0.0]
agnosis who no longer follow the diet
4 Intelligence quotient (1Q) (0-3 months) 0 Mean Difference (IV, Fixed, 95% Cl) Subtotals only
4.1 Participants with PKU continued ondi- 0 0 Mean Difference (IV, Fixed, 95% Cl) 0.0[0.0, 0.0]
et since diagnosis
4.2 Participants with PKU on diet from di- 0 0 Mean Difference (IV, Fixed, 95% Cl) 0.0[0.0,0.0]
agnosis who no longer follow the diet
5 Neuropsychological performance (0-3 2 Mean Difference (IV, Fixed, 95% Cl) Subtotals only
months)
5.1 Participants with PKU continued on di- 1 42 Mean Difference (IV, Fixed, 95% Cl) 4.5[-73.96,
et since diagnosis 82.96]
5.2 Participants with PKU on diet from di- 1 42 Mean Difference (IV, Fixed, 95% Cl) -11.0[-37.96,
agnosis who no longer follow the diet 15.96]
6 Quality of life 0 0 Mean Difference (IV, Fixed, 95% Cl) 0.0[0.0,0.0]
7 Death 0 0 Peto Odds Ratio (Peto, Fixed, 95% Cl) 0.0[0.0,0.0]

Analysis 2.1. Comparison 2 Tyrosine versus placebo (continued on diet versus

discontinued diet), Outcome 1 Blood phenylalanine concentration (umol/l) (0-3 months).

Study or subgroup Tyrosine Placebo mean dif- mean difference Weight mean difference
ference
N N (SE) IV, Fixed, 95% CI IV, Fixed, 95% CI
2.1.1 Participants with PKU continued on diet since diagnosis ‘
Mazzocco 1992 1 1 5.1(87.386) + 44.29% 5.11[-166.16,176.38]
Smith 1998 1 1 25.7 (77.912) —_— 55.71% 25.65[-127.05,178.35]

Favours tyrosine

-1000

-500 0 500 1000

Favours placebo

Tyrosine supplementation for phenylketonuria (Review)
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Study or subgroup Tyrosine Placebo mean dif- mean difference Weight mean difference
ference
N N (SE) IV, Fixed, 95% CI IV, Fixed, 95% CI
Subtotal (95% ClI) ‘ 100% 16.55[-97.43,130.53]

Heterogeneity: Tau?=0; Chi*=0.03, df=1(P=0.86); 1>=0%
Test for overall effect: Z=0.28(P=0.78)

2.1.2 Participants with PKU on diet from diagnosis who no longer follow diet
Pietz 1995 1 1 36(95.924) B 100% 36[-152.01,224.01]
Subtotal (95% Cl) ‘ 100% 36[-152.01,224.01]
Heterogeneity: Not applicable

Test for overall effect: Z=0.38(P=0.71)

Test for subgroup differences: Chi*=0.03, df=1 (P=0.86), 1>=0%

Favours tyrosine 1000 -500 0 500 1000 Favours placebo

Analysis 2.2. Comparison 2 Tyrosine versus placebo (continued on diet versus
discontinued diet), Outcome 2 Blood tyrosine concentration (umol/l) (0-3 months).

Study or subgroup Tyrosine Placebo mean dif- mean difference Weight mean difference
ference
N N (SE) 1V, Fixed, 95% CI IV, Fixed, 95% CI
2.2.1 Participants with PKU continued on diet since diagnosis
Mazzocco 1992 1 1 31.7 (16.93) + 11.21% 31.67[-1.51,64.85]
Smith 1998 1 1 12.7 (6.015) . 88.79% 12.7[0.91,24.49]
Subtotal (95% Cl) \ 100% 14.83[3.72,25.94]

Heterogeneity: Tau?=0; Chi*=1.11, df=1(P=0.29); 1?=10.3%
Test for overall effect: Z=2.62(P=0.01)

2.2.2 Participants with PKU on diet from diagnosis who no longer follow diet

Pietz 1995 1 1 109 (17.845) . 100% 109[74.02,143.98]
Subtotal (95% CI) ¢ 100% 109[74.02,143.98]
Heterogeneity: Not applicable
Test for overall effect: Z=6.11(P<0.0001)
Test for subgroup differences: Chi?=25.3, df=1 (P<0.0001), 1>=96.05%

Favours placebo ~ -1000  -500 0 500 1000 Favours tyrosine

Analysis 2.5. Comparison 2 Tyrosine versus placebo (continued on diet versus
discontinued diet), Outcome 5 Neuropsychological performance (0-3 months).

Study or subgroup Tyrosine Placebo Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
2.5.1 Participants with PKU continued on diet since diagnosis ‘
Smith 1998 21 624(119.7) 21 619.5(139) . 100% 4.5[-73.96,82.96]

Subtotal *** 21 21 ¢ 100% 4.5[-73.96,82.96]

Heterogeneity: Not applicable ‘
Test for overall effect: Z=0.11(P=0.91) ‘

2.5.2 Participants with PKU on diet from diagnosis who no longer follow the di-

et
Pietz 1995 21 280 (42) 21 291 (47) —."— 100% -11[-37.96,15.96]
Favours tyrosine  -100 -50 0 50 100 Favours placebo
Tyrosine supplementation for phenylketonuria (Review) 13
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Study or subgroup Tyrosine Placebo Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Subtotal *** 21 21 100% -11[-37.96,15.96]

Heterogeneity: Not applicable
Test for overall effect: Z=0.8(P=0.42)
Test for subgroup differences: Chi*=0.13, df=1 (P=0.71), 1>=0%

Favours tyrosine

WHAT'S NEW

|
|
|

50 100 Favours placebo

Date Event Description
1 May 2013 New search has been performed A search of the Cochrane Cystic Fibrosis Group's Inborn Errors of
Metabolism Trials Register identified one trial which was not eli-
gible for inclusion in any section of the review.
1 May 2013 New citation required but conclusions Minor changes were made throughout the review.
have not changed
HISTORY

Protocol first published: Issue 2, 1999
Review first published: Issue 3, 1999

Date Event Description

7 July 2010 New search has been performed The search of the Group's Inborn Errors of Metabolism Register
identified two new references which have been added to the Ex-
cluded studies section of the review (Kalkanoglu 2005; MacDon-
ald 2003).

7 July 2010 New citation required but conclusions As of Issue 8, 2010, Vanessa Posutie and Patricia Rutherford

have not changed are no longer active authors on this review. Diana Webster and

Joanne Wildgoose have undertaken this update.

12 September 2008 Amended Converted to new review format.

1 November 2005 New search has been performed

The searches found no new trials eligible for inclusion in the re-
view.

1 November 2004 New search has been performed

The searches found no new trials eligible for inclusion in the re-
view.

1 November 2003 New search has been performed

The searches found no new trials eligible for inclusion in the re-
view.

The new statistical method available in RevMan 4.2 (the generic
inverse variance method) was used for four of the graphs includ-
ed within MetaView. This has not significantly changed any of the
Results as presented in earlier versions of this review.
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Date Event Description

The Group's medical statistician provided comments on this re-
view which were addressed within this update. Minor changes
have been made throughout many sections of the review.

1 November 2002 New search has been performed One further trial has been identified (Lou 1987) which appears
to be eligible for inclusion in the review. However the reviewers
have decided not to include the study as the intervention was
only administered for three days, and most of the participantsin
the study (9 of 14) did not achieve dietary control in the neonatal
period. This trial is therefore included in 'Excluded Studies'.

23 February 1999 New citation required and conclusions Substantive amendment
have changed
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