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Summary

Phenylketonuria (PKU) is a treat-able and prevent-able inborn error of metabolism
which leads to severe mental retardation and neurobehavioral abnormalities. A screening
program, especially for early detection, combined with a Phe-restricted therapeutic diet
can help to control the process of PKU of most patients. The China government has put
more emphasis on newborn screening and treatment against PKU, yet by comparing the
situation of newborn screening and treatment against PKU in China and the relatively
developed countries — United States, United Kingdom and Japan, the newborn screening
and treatment against PKU in China is relatively weak and many deficiencies are found.
More studies concerning multi-stage target blood Phe concentration criteria, a policy
that requires newborn screening has to be taken, better financial support for newborn
screening, publicity for newborn screening, and national guidelines for treatment of PKU
may be prospects in China and may provide some support for better development of

newborn screening and treatment against PKU in China.
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1. Introduction

Phenylketonuria (PKU) is an inborn error of
metabolism, usually caused by a deficiency of
phenylalanine hydroxylase which can lead to mental
retardation and neurobehavioral abnormalities (/). The
overall incidence of PKU in the world varies widely in
different human populations such as 1 in 15,000 births
in the United States (2,3), 1 in 10,000 births in United
Kingdom (4,5), 1 in 2,600 births in Turkey (6) and
fewer than 1 in 100,000 births in Japan (7,8). However,
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PKU is a treat-able and prevent-able disease (9,/0). A
screening program, especially early detection, combined
with a Phe-restricted therapeutic diet can help to control
the development of PKU for most patients (//-14).

In China, the overall incidence of PKU is
approximately1/11,144 (15,16). Since 1981, a newborn
screening program has been implemented by the China
government, which mainly focused on congenital
hypothyroidism (CH) and PKU. Between 1985 and
2006, according to the accessible data (/7,18), a total
number of 13,666,750 newborns had been tested for
PKU and 1,170 cases had been confirmed as PKU
patients, with a positive result rate of 1/11,680, and
screening numbers for PKU increased remarkably after
1999 (Figure 1). In recent years, the China government
also started to put more emphasis on the response to
PKU, but since the diagnosis and treatment for PKU in
China is still a relatively new area, many deficiencies
may exist.

This paper aims to compare the situation of newborn
screening and treatment for PKU in China and the
relatively developed countries — United States, United
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Figure 1. Annual number of newborn screenings in China between 1985 and 2007.

Table 1. The characteristic policy related with newborn screening for PKU in China

Year Publisher Policy Feature
1994 The Central People's Government  Law of Maternal and infant health care First time identified the importance of newborn
of the People's Republic of China screening as a law.
2001 The Central People's Government ~ The measure for the implementation of  Included the newborn screening into the maternal
of the People's Republic of China the Law of Maternal and infant health and infant health care services.
care in China
2009 NHFPC The measure of newborn screening Indicated that PKU as one of the screening disease
management and provided a standardized path for China's
newborn screening program.
2009 NHFPC The plan of newborn screening program Indicated the objective of newborn screening
program, including PKU screening coverage.
2010 NHFPC The technical specification of newborn Improving the quality of PKU screening and tests.

screening

Kingdom and Japan, and provides some valuable
experience for further development of a response policy
for PKU in China.

2. Newborn screening for PKU

At present, for almost all patients with PKU, diagnosis
from newborn screening and starting treatment
immediately leads to a better effect than diagnosis with
clinical symptoms (/9). Newborn screening combined
with a Phe-restricted therapeutic diet throughout
childhood can help to control the progress of PKU
for most patients (//). Research shows that with a
higher newborn screening rate, earlier treatment can be
received by patients, and the prognosis will be better
(12-14). Therefore, an effective newborn screening for

PKU is indeed needed.

A newborn screening program was launched by the
China government in 1981, and screening for PKU is
a part of the national newborn screening program. The
very first screening started in Shanghai in October 1981
(20). After that, the screening program in China has
made significant progress. The number of screening
centers increased from only 3 in the 1980s to 46 in
2002 and further to 179 by the end of 2009 (/8). The
coverage of the newborn screening program also
increased from 3.86% in 2003 to 59.01% in 2009 (/8).

At the policy level, the China government issued a
series of policies to enhance the coverage of newborn
screenings (Table 1), including identification of the
importance of newborn screening as a law. This
stipulated that PKU is one of the screening diseases,
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Table 2. The policy of newborn screening and treatment for PKU in United States, UK, Japan and China

Policy of newborn screening against PKU

Policy of treatment against PKU

Required by law Financial support

Publicity supporting

National
standardized
guidelines

Charging policy

United All states required except 4  The test is only free in New
States states: Vermont, Maryland, York, Pennsylvania, Kansas
Minnesota and Idaho. and District of Columbia.

However in other states,

health insurance programs

and the State Children's

Health Insurance Program

or Medicaid pay for the fee.

United Do not require yet highly The test is covered by
Kingdom recommend. National Health Service,
and the screening service is
free.
Japan Do not require yet highly The test is covered by the
recommend. government.
China Do not require in most Free-charge policy in

area except Shanghai and HongKong and Shanghai.
Guangzhou. Other areas need to charge a
fee for screening.

Having some policies Published
and regulations.

Having some policies Published
and regulations.

Having some policies Published
and regulations.

No such specific
policy or regulation
has been retrieved.

33 states (64.71%) make private
insurance requirements about
the reimbursement for medical
foods for PKU, and 42 states
(82.35%) provide state services
and assistance for PKU. Only 3
States (Mississippi, Oklahoma
and West Virginia) do not
have both private insurance
requirements and state services
and assistance for PKU.

since 1993

The fee of amino acids and
low protein foods are fully
reimbursed by National Health
Service, yet the patients over
the age of 16 pay a prescription
charge.

since 1993

The charge for PKU's treatment
is covered by national health
insurance and special public
subsidies.

since 1995

No such specific The charge had been covered

guideline has by URBMI in some places yet

been retrieved.  no such policy in most regions
has been retrieved. Government
of Guangzhou covers the fee of
PKU children until 8 years of
age.

included newborn screening as part of the basic
maternal and infant health care services, and issued a
standardized path and technical specification for China's
newborn screening — in order to improve the quality of
PKU screening and testing, and indicated the specific
objectives of the newborn screening program (2/-25).

The newborn screening program for PKU in
China has made significant progress since the number
of screening centers increased, the coverage of the
newborn screening program increased and the number
of screened children increased as we mentioned above.
However, compared with the newborn screening rate in
developed countries, such as 99% in United States, the
approximately 60% newborn screening rate in China is
still low. To provide a better view of future prospects
of newborn screening for PKU in China, we have
summarized some potential valuable experience in the
United States, UK and Japan.

2.1. Required by law

The government enforcement plays an important role
in the process of newborn screening for PKU (Table
2). In 1963, in Massachusetts of the United States
first passed a law that required the PKU screening test

for all infants born in the state and represented the
start of the newborn screening program in the United
States (26). Today, all states of the United States have
newborn screening programs for PKU and nearly every
newborn is screened shortly after birth (27). According
to the data, nearly all states required all newborns
receive testing by law and only 4 states, Vermont,
Maryland, Minnesota and Idaho, indicated that parents
can decline screening (28). Thanks to these state laws,
the launch of the newborn screening program for PKU
has legislative authority, as well as improvement of the
screening rate in the United States. Participation in the
newborn screening program in the United States has
reached 99.9% or higher (29). For example, Maryland
reported that during the last several years, fewer than 5
families opted out of newborn screening each year and
in Wyoming, there were 6,800 infants born in 2007, but
only 2 families opted out of screening (29).

In some areas of China, local government also
implemented some specific policies to demonstrate
that newborn screening for PKU must be carried
out. Shanghai and Guangzhou are two of the earliest
areas that carried out newborn screening for PKU
in China and also two of the areas with the highest
screening rate including 97.0% in Shanghai and
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Table 3. Target blood phenylalanine concentrations (pnmol/L) as recommended for treatment of PKU in different

countries

Age group United States UK Japan Turkey China
<2 years 120 - 360 120 - 360 120 - 240 60 - 240 120 -
2-6 years 120 - 360

7-9 years 120 - 480 180 - 360

10-12 years 180 - 480

13-15 years 120 - 600 120 - 700 180 - 600

> 16 years 120 - 900 180 - 900

Incidence 1/15,000 1/10,000 1/70,000 1/4,000 1/11,144

99.0% in Guangzhou (30,37). In 1996, the Shanghai
government issued regulation of maternal and infant
health care in Shanghai which indicated the newborn
screening program must be carried out in Shanghai
(32). While in Guangzhou, regulation of maternal and
infant health care was issued in 1998 which formulated
that Guangdong province must carry out the newborn
screening program and particularly proposed that the
screening should include the PKU test (33).

Based on the experience in the United States and
partly China, government enforcement may be able to
help improve newborn screening coverage in China, yet
current enforcement is still weak.

2.2. Multi-stage target blood Phe concentration criterion

Although the definition of PKU had been determined
all round the world, the target blood Phe concentration
criterion of PKU still differs significantly among
different countries (/1,34-38) (Table 3).

Based on the information, the United States, UK
and Japan have implemented a multi-stage target blood
Phe concentration criterion. In Japan, the country
with the lowest incidence, has implemented a 6 stage
target blood Phe concentration criterion focused on
different age groups. For children younger than 2 years
old, between 2 and 6 years old, between 7 and 9 years
old, between 10 and 12 years old, between 13 and 15
years old, and older than 16 years old, the target blood
Phe concentration criterion respectively is 120-240,
120-360, 180-360, 180-480, 180-600, and 180-900.
Research shows that after the new treatment guidelines
with a more stringent restriction of phenylalanine
levels issued in 1995, the mean blood phenylalanine
levels of Japanese decreased (8). The United States
and UK also implemented its own multi-stage target
blood Phe concentration criterion based on the national
circumstances and received a positive result (39,40). In
some cases, the exquisite grouping of target blood Phe
concentration criteria helps these countries to detect
PKU patients more effectively and earlier in order to
make a contribution in the direction of PKU control.

According to experience in the United States, UK
and Japan, an appropriate multi-stage target blood Phe
concentration criterion can help to screen patients more
effectively to a certain extent. However, the multi-

stage target blood Phe concentration criterion has still
not been issued in China. According to the technical
specification of newborn screening issued by National
Health and Family Planning Commission of the
People's Republic of China (NHFPC), the lower target
Phe concentration of PKU in China is 120 umol/L (> 2
mg/dL) and the upper target blood Phe concentration is
not specific (25). There is no independent lower target
Phe concentration for different age groups (25).

2.3. Financial support

Economic factors play an important role in the process
of newborn screening for PKU. In 4 states of the United
States, New York, Pennsylvania, Kansas and the District
of Columbia, the NBS test is free, while the other states
collect a fee. The charge is between $15 (in Florida)
and $157.54 (in Rhode Island). Many health insurance
programs pay the fees for newborn screening and the
State Children's Health Insurance Program or Medicaid
can pay the fees for families in need (47). Therefore,
the vast majority of Americans do not need to pay for
the newborn screening for PKU, actually. In Japan, the
charge for newborn screening is also covered by the
government (8,42,43). In UK, the Newborn Blood Spot
Screening Programme is part of Public Health England
(44) covered by the National Health Service, and the
screening service is for free (45). The same situation
has been seen in Japan, the newborn screening for PKU
is also covered by the government (Table 2).

The fee for newborn screening for PKU in China is
variable in different areas just as in the United States.
However, except in Hong Kong, the children in the rest
of the areas of China still need to pay a fee (46).

2.4. Publicity supporting

One of the most important problems during the
development of the newborn screening program is
publicity — awareness and understanding of newborn
screening for the public. In developed countries, the
supporting publicity has been implemented for a period
and some valuable experience should be reviewed.

In the United States, Federal government support
for newborn screening has continued through the years
in various ways. Most visible has been the funding
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of publicity programs. In 2000, for example, the
National Newborn Screening and Genetics Resource
Center (NNSGRC), the Health Resources and Services
Administration (HRSA) and the Centers for Disease
Control (CDC) jointly sponsored a working group
meeting to review the issues of implementing tandem
mass spectrometry (MS/MS) testing as a means of
screening newborns for rare metabolic diseases.
The meeting represented the idea that "proposals
for planning, operating and evaluating MS/MS for
analyzing dried blood spots routinely collected from
newborns" and "the public should receive accurate
information regarding expanded and comprehensive
newborn screening and the evolving knowledge
regarding its strengths and weaknesses" (47). Combined
with the other policies issued in the period (48,49), not
only awareness towards newborn screening of health
practitioners and politicians have been aroused, but also
a media awareness campaign during 2000 which led to
public attention towards newborn screening (50).

The situation in Japan and UK are the same (5/-
58). For example, in Japan, research shows that the
awareness ratio of newborn screening in Japan was
26.6% at first, yet after a brief explanatory note on NBS
was provided, 71.7% of respondents recognized the
necessity of newborn screening (5/) (Table 2).

In China, there was some research about how to
improve the public's awareness of newborn screening
(58-61) and also some nonprofit websites tried to
provide the public with information for newborn
screening. However, the situation is still weak.

3. Treatment for PKU

Untreated PKU can lead to mental retardation,
seizures, and other serious medical problems (62). The
acknowledged mainstream treatment for PKU patients
is a strict Phe-restricted diet supplemented by a medical
formula containing amino acids and other nutrients (63).
However, the treatment for PKU is variable among
different countries.

In China, the idea about early diagnosis and early
treatment for PKU had been proposed for a long time
(64,65), and some reimbursement system has been
established (66-69). However, there are many issues in
the aspect of treatment for PKU in China that still need
to be carried out since treatment in China is relatively
new. We will expound the situation of treatment for
PKU in the aspect of national guidelines and charge
policies.

3.1. National standardized guideline

In the United States, the Committee on Genetics of
the American Academy of Pediatrics and the National
Institutes of Health were trying to set up guidelines for
PKU since 1993 (70), and treatment guidelines against

PKU were finally published in 1994 (7). In the United
States guidelines, the treatment should be initiated no
later than 7-10 days after birth and the frequency of
monitoring differed by patient's age as weekly until age 1
year, twice monthly from age 1 to 12 years, and monthly
after an age of 12 years. As far as treatment duration,
treatment throughout life is highly recommended (77-73).
In UK, the Medical Research Council Working Party on
PKU published a series of treatment guidelines for PKU
in 1993 (74,75). In UK's guideline, the frequency of
monitoring is divided into 3 groups as weekly between
0-4 years old, fortnightly between 5-9 years old, and
monthly after 9 years old. In Japan, the guideline for
the treatment of PKU was revised in 1995 with a more
stringent restriction of phenylalanine levels (8,43) (Table
2). Although there are some differences between each
country's guidelines, guidelines all included the same
details as age at start of diet treatment, recommended
blood Phe levels, frequency of monitoring, duration of
diet treatment and etc.

Even though treatment for PKU has been carried
out in China for a long time, no national standardized
guidelines or regulations about the treatment of PKU
issued have been retrieved by us.

3.2. Charge policy

In the aspect of charging policy, because of state
laws, the situation in different states of America are
different — 33 states (64.71%) have private insurance
requirements about reimbursement for medical foods
for PKU, and 42 states (82.35%) provide state services
and assistance for PKU. Only 3 States (Mississippi,
Oklahoma and West Virginia) do not have both
private insurance requirements and state services and
assistance for PKU. Reimbursements focus on patients
under 18 to 22 years old, yet Colorado and North
Dakota also dictate age limits specially for females
35 years old in Colorado and 45 years old in North
Dakota (76,77). However, the idea of promoting social
support for PKU's treatment has been proposed in the
United States since 1993 (78,79). In UK, the fee for
amino acids and low protein foods are fully reimbursed
by the National Health Service, yet patients over the
age of 16 pay a prescription charge (80-82). In Japan,
the charge for PKU's treatment is covered by national
health insurance and special public subsidies (83,84)
(Table 2).

In China, treatment for PKU charged between
15,000 and 25,000 RMB (Chinese Yuan) annually (85).
This charge had been covered by Urban Residents'
Basic Medical Insurance (URBMI) in Fujian province
and Hefei city and the reimbursement ratio is more
than 70% (66-68) yet no such policy in other regions
has been retrieved. For rural residents, the China
government started a pilot program in January 2013
to cover 70% of the charge of PKU treatment as a
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reimbursement for serious illness for less than 10 years
old patients with the New Rural Co-operative Medical
System (NRCMS) (69). Besides these policies, some
special bailouts have also been implemented in some
regions. For example, in Guangzhou city, children
confirmed to have PKU can receive the treatment
from the Newborn Screening Center of the City of
Guangzhou for free until 8 years of age (83).

4. Discussion
4.1. Prospects for newborn screening for PKU in China

Although the newborn screening program for PKU in
China has made some progress, there are still some
challenges among the existing newborn screenings
and more effective strategies are expected to be
implemented in the future.

The experience of the United States has already
showed that appropriate legislation can help to improve
screening coverage. Since the policy has been provided
its importance during the process of newborn screening
for PKU this kind of enforcement has already been
implemented in some areas of China and generates an
improvement of newborn screening for PKU. Further
development about improving China's newborn
screening program for PKU, and how to establish the
law appropriately needs further discussion and the
experience of Shanghai and Guangzhou indicates that
the other areas in China can try to implement their own
enforcement based on the practical situation.

The multi-stage target blood Phe concentration
criteria can not only increase the standardization of
the current concentration criteria by subdividing the
patients into different age groups, but also can be a
symbol of scientific management of PKU. Even though
China's PKU incidence is lower than UK's according
to the data, the experience of multi-stage target blood
Phe concentration criteria that were implemented in
these countries can be useful for China to improve
the current criteria. However, because the incidence
of PKU in the world varies widely in different human
populations, research about suitable multi-stage target
blood Phe concentration criteria for China still needs
to be carried out.

Research also indicates that the important role
that economic factors play in the process of newborn
screening (86), as parents are more willing to let
their children be screened when there is less cost for
screening. These results remind us that a new charging
policy of newborn screening for PKU should focus
more on reducing the charge by increasing national
financial support or reimbursement in China. The
financial support for newborn screening for PKU in
the United States, UK and Japan provide a hint of
increasing the screening rate. The financial support of
newborn screening in China is relatively weak as the

majority of families still need to pay for the screening
(87). The financial support in the United States, UK and
Japan is a good example for further study of China's
newborn screening policies.

The publicity of newborn screening showed a good
impact in the United States, UK and Japan, yet this kind
of education in China is still missing. In some areas,
researchers try to use health education to introduce
newborn screening for PKU to the public, and this kind
of research needs to be carried out further in China.

4.2. Prospects for treatment for PKU in China

As me mentioned above, the national policy of
treatment for PKU in China is still missing, and
therefore the standardization of treatment for PKU
in China still needs to be enhanced. According to
the experience of the United States, UK and Japan,
treatment guidelines including details can help to
improve the degree of standardization. In the aspect of
treatment time, treatment throughout a lifetime can be
considered a further aim as lifetime treatment needs
the support of quite a lot of health resources. A suitable
treatment time for Chinese patients needs more study.

As for charging policy, the current reimbursement
ratio of PKU's treatment in China is almost 70% with a
10 years old limitation. Comparing with the situation in
United States, UK and Japan, a higher reimbursement
ratio and age limitation is a direction for further
discussion. However, the local government's attention
to reimbursement may be an effective method, such as
Guangzhou, HongKong and the situation in different
states of the United States.

5. Conclusion

Newborn screening and treatment for PKU in China is
relatively weak. Compared with the newborn screening
and treatment for PKU in the United States, UK and
Japan, the multi-stage target blood Phe concentration
criteria, policy that requires newborn screening has
to be taken, better financial support for newborn
screening, publicity of newborn screening, national
guidelines of treatment for PKU including details, and
a higher reimbursement ratio and age limitation may be
prospects that should be further studied in China and
may provide some support for better development of
newborn screening and treatment for PKU in China.
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