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Advances in genetic and genomic technology changed health-care
services rapidly in low and middle income countries (LMICs) in the
Asia-Pacific region. While genetic services were initially focused on
population-based disease prevention strategies, they have evolved
into clinic-based and therapeutics-oriented service. Many LMICs
struggled with these noncommunicable diseases and were unpre-
pared for the needs of a clinical genetic service. The emergence of a
middle class population, the lack of regulatory oversight, and weak
capacity-building in medical genetics expertise and genetic
counseling services led to a range of genetic services of variable
quality with minimal ethical oversight. Some of the current
shortcomings faced include the lack of awareness of cultural values
in genetic health care, the variable stages of socioeconomic
development and educational background that led to increased
demand and abuse of genetics, the role of women in society and the

crisis of gender selection, the lack of preventive and care services for
genetic and birth defects, the issues of gene ethics in medicine, and
the lack of understanding of some religious controversies. These
challenges provide opportunities for both developing and developed
nations to work together to reduce the inequalities and to ensure a
caring, inclusive, ethical, and cost-effective genetic service in the
region.
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INTRODUCTION
Advances in genetic and genomic technology have accelerated
the introduction of genetic services into the health-care
delivery system in the Asia-Pacific region. As elsewhere in the
world, genetic services initially used population-based disease
prevention strategies. In the past two decades, as health
indices and the socioeconomic status of the Asia-Pacific
region improved, genetic service became increasingly clinic-
based and therapeutics-oriented. Many health-care systems in
the region were unprepared for the needs of a clinical genetic
service and have struggled to cope with both communicable
and noncommunicable diseases. In addition, the combination
of demands from a large emerging middle class population
and the lack of regulatory oversight and capacity-building in
medical genetics expertise and genetic counseling services
have led to a range of genetic services of variable quality with
minimal ethical oversight and legal provisions.1–3

Developing necessary genetic services is impaired by the
lack of accurate data on genetic conditions and inherited
disorders because there are few dedicated birth defect
registries or rare diseases registries in this region.4 The
pattern and types of genetic diseases in developing countries

are quite variable, even within the same geographic region.
Physicians and clinical geneticists trained in developed
countries may encounter genetic diseases in the local
population in their respective countries that they may be
unfamiliar with, but which are common diseases in the
region, such as citrin deficiency, Barts hydrops, and distal
renal tubular acidosis–Southeast Asian ovalocytosis syn-
dromes. Syndromic genetic conditions characterized by subtle
physical differences may be particularly challenging if the
clinician receives their training in a country with a different
ethnic population. While these are issues being addressed in
all countries providing genetic services, we will highlight
issues specific to Asian countries.

Cultural and socioeconomic perspectives in medical
genetics
In developing countries, most genetic services began in the
last decade of the twentieth century, usually from academic
institutions such as universities and research institutions.1

These services are usually led by pediatricians who specialized
in medical or clinical genetics. The preponderance of
pediatricians, like elsewhere in the world, is not surprising
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because the main bulk of the consultations involved newborn
infants with birth defects, children with dysmorphic features
or learning disabilities, or a specific genetic condition in the
community such as β-thalassemia major.2,3

Developing countries possess many unique risk factors for
birth defects, e.g., cultural beliefs and taboos, poor social
status of women, inadequate health budget or prioritization
toward communicable diseases, and religious factors.5,6 In
addition, higher rate of birth defects in these countries are
often associated with low education level among women; late
or absent antenatal care, which might cause missed diagnosis
of preexisting medical condition or teratogenic exposure; and
absence of prepregnancy planning. Due to gender inequalities,
women in poor populations often discover themselves even
further disadvantaged within the deprived population, as a
result of being the poorest among the poor and the least
educated within the insufficiently educated. In many devel-
oping countries, uneducated women delivered at home three
times more (97%) than their higher educated peers (33%).7

Studies have consistently shown that women’s educational
attainment, social status, household wealth, and decision-
making power are associated with care-seeking behaviors for
maternal health services and maternal survival.8,9 Illiteracy
prevents awareness of life-threatening obstetrical complica-
tions, which in turn reduces women’s recognition of the need
to seek risk-appropriate health care. Women’s limited
decision-making power, as well as constrained economic
resources, likewise can inhibit their ability to seek health
services and/or contribute to delays in accessing and receiving
medical care even in places where services are readily
available.10

It is also not uncommon that women in developing
countries receive care from traditional medical practitioners.
Traditional medications or “supplements” might lead to
higher rate of teratogenic exposure due to lack of under-
standing and supervision from professional bodies or
government health agencies. According to a study on drug
utilization pattern during pregnancy, mistimed pregnancies
leading to exposures to radiation and category X drugs occur
in 4% and 5.71% of pregnant females, respectively, during the
first trimester.11

High rates of birth defects can be due to absence of
prepregnancy planning as well. β-thalassemia major is
particularly common in the Mediterranean, the Middle East,
and Asia. Carrier frequencies for various genetic disorders are
high in developing countries. Carrier frequencies for sickle
cell hemoglobin range from 17 to 30% or more in the Indian
population. Hb E is found in the eastern half of the Indian
subcontinent, and throughout Southeast Asia, where in some
areas, carrier rates may exceed 60% of the population.12

Consequently, prevention programs based on carrier screen-
ing and DNA-based prenatal diagnosis are being established
in a growing number of lower-resource countries. Methods to
estimate access to care and the effect of interventions on the
outcomes of congenital disorders are also used in developing
countries.13,14 In cases of known carrier, genetic counseling is

necessary to help people make informed choices. However,
due to lack of nondirective genetic counseling services, many
health services adopted a paternalistic approach to reproduc-
tive options and this had led to adverse outcomes before
corrective measures were undertaken.15

Another cost-effective prepregnancy strategy to reduce
birth defects, such as neural tube defect (NTD), in lower-
resource communities is not available in a number of
developing countries.16 Hence the maximum effect is
precluded by lack of knowledge, cost of vitamin supplements,
and the fact that the majority of pregnancies are unplanned.13

Folic acid fortification of essential foodstuffs is extremely
cheap, has a negligible effect on food price, is feasible in
countries at all levels of development, and enables the whole
society to benefit. However, many countries in the Asia-
Pacific region do not have mandatory fortification of wheat
flour with folic acid.17 A systematic review clearly demon-
strated that fortification of flour with folic acid has had a
major impact on NTD in all countries, including developing
countries, where this has been reported.18

Consanguinity is still widely practiced in some developing
countries.19 It was noted that the risk of birth defect is
increased in consanguineous unions.20 In many Middle East
and Indian subcontinent cultures, these consanguineous
marriages are favored and consanguinity was significantly
higher among the daughters than the parents.21 Lack of
knowledge of the effect of consanguinity remains one of the
main reasons that consanguinity is still practiced.22 Thus,
the development of genetic counseling is extremely
important in educating the couple regarding the risk and
possible consequences of consanguinity. The development
of genetic services allows carrier status, especially in cases of
consanguinity, to be tested. With the availability of genetic
counseling, the couple who both tested positive is able to
reconsider whether they want to go through with the
marital union.

Gender selection and imbalance
One of the most pressing issues is the abuse of genetic
technology for sex selection especially in countries with strong
male preference. The recognition that many girls are
“missing” in countries such as China and India as a result
of infanticide, abortion, and efforts to achieve preconception
sex selection is longstanding.23,24

In China, the sex ratio at birth (SRB) has been steadily
increasing during the past 30 years to a high of more than 130
in parts of the country. India is close behind with SRBs of up
to 125 in certain states. The practice of sex selection abortion
is rampant in China and India and has led to an estimated 61
to 80 million “missing” females.25 This led to the con-
sequences of men unable to find wives.26 Besides, the paucity
of females is causing the emergence of case reports from India
of women forced to bear children for entire families of
brothers.27

It was suggested that “the existence of the technology and
the way it is portrayed creates the perception that it is a
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necessary part of prenatal care, not merely an optional one.”28

With the increasing accessibility of genetic services with lower
cost in developing countries, the mother might feel obliged to
take the test. The autonomy of the women might be further
limited with the information gathered with such technology as
they might be pressured by their families into certain
decisions such as abortion. Moreover, the responsibility for
the decision is weighted upon the prospective mother as
well.29 An overwhelming majority of countries regulate
prenatal diagnosis to prohibit its use for sex selection for
social reasons. Professional societies and international policy
documents have also joined the opposition to this practice on
similar grounds.30

On the surface, it seems that the availability of genetic
services has led to the abuse of sex selection and many have
called for a ban on the use of genetic technology for sex
selection. However, merely enforcing laws that disallowed sex
determination, without addressing the sources of oppression,
will merely shift the challenge to more cases of infanticide, or
a slow painful death by longer-term neglect and withholding
of resources for the female child. Besides, it could also turn
sex determination and sex-selective abortion incognito, with
illegal imaging and abortion providers serving a population
favoring such services.31 In certain cultures, females do not
have the right to inherit family land or wealth from their
parents and many are not regarded as equal to their male
counterparts in the workplace or society at large.32 From
a purely cost–benefit viewpoint, a female child is indeed
a substantial burden. Thus, gender selection has remained a
convenient way out of the binds of this cultural conundrum in
some developing countries.33

In 2000, China launched a nationwide campaign called Care
for Girls to promote equality between men and women.34

Provinces throughout China have carried out public con-
sultations and invested in strategies to reduce son preference.
Recently China removed the One Child Policy, allowing
families to have a second child.35 South Korea is the only
country to date that has effectively reduced rising sex ratios
and their success derived from wide-reaching social policy
initiatives. In the mid-1990s, the government implemented
prohibitions on sex determination and sex-selective abortion
with legislation enforcement whereby doctors were delicensed
for conducting sex-selective abortions, resulting in a sig-
nificant deterrent effect.36 Widespread and influential media
campaigns were initiated, encouraging couples to change their
attitudes to sex-selective abortion and warning of the
anticipated shortage of brides. Finally specific policies were
implemented to improve the status of women by increasing
their education and employment opportunities. By 2003, the
sex ratio of third and fourth children had dropped to 1.5 boys
per girl.37

To deal with the issue of sex-selective abortion, it is
important to deal with the root cause, which is the low
socioeconomic status of women in developing countries, by
empowering women. In rural Bangladesh, Grameen Bank
provided credit to the poorest of the poor. Accordingly, 97%

of the borrowers were women who used the credit to fight
poverty, while others have disputed that microcredit evange-
lism work.38 Studies have shown that women’s educational
achievement, socioeconomic status, household economic
status, and decision-making ability are linked with care-
seeking behavior for maternal health care and thus a
reduction in maternal mortality.32,39

Undoubtedly, the economic empowerment of women will
ease the path to achieving gender equality, eliminate poverty,
and achieve access to health care as mentioned in the
Millennium Development Goals.40 A study showed that child
health, which has shown improvement in the past 13 years in
developing nations in terms of improvement in nutrition and
reduction in mortality, is associated with improving status of
women. These results imply that further advancement of
women’s position in society would be beneficial not just in
dealing with sex-selective abortion but also children’s
health.41 Hence genetic technology and genetic services in
these settings should be harnessed to empower women in
making choices strictly for diagnostic indications for inherited
conditions and not for gender selection.

Lack of preventive and care services for genetic conditions
and birth defects
In LMICs, a critical shortage of health-care workers such as
geneticists and surgeons is clearly evident due to the
movement of skilled labor to developed countries. In
addition to the chronic shortages in acute care, the more
pressing need for treatment and care as well as rehabilita-
tion and education of the children with various disabilities
as a result of genetic conditions are lacking. Parents of
children with developmental disabilities face many pro-
blems in getting rehabilitative services. They travel long
distances, face hardships in carrying their child, and lose
their day’s earnings, apart from spending time and money
for their child’s therapy.42

According to a World Health Organization (WHO) report
70% of birth defects are preventable if evidence-based
community genetics services are used. These community-
based genetics services included a number of activities for
the care and prevention of genetic diseases at the
community level.12,14 A good example of a cost-effective
community genetic services program would be to imple-
ment expanded newborn screening (NBS) programs using
dried blood spots from heel pricks and harnessing tandem
mass spectrometry and genomic sequencing technology,
making it possible to screen for and diagnose many
inherited conditions that predispose the infant to intellec-
tual disabilities. However, in LMICs, either the screening
tool is insufficient or older technology such as cord blood
screening is used or the NBS is not linked to other health-
care services, therefore, limiting the advantage of screen-
ing.42 NBS using pulse oximetry for critical congenital heart
disease has been noted to be cost-effective as well but the
equipment required to do this screening is not universally
available in emerging countries.43
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Issues of medical technology, research, and ethics in
developing countries
Advanced reproductive technology such as preimplantation
genetic screening, in vitro fertilization, and noninvasive
prenatal screening (NIPS) are emerging in some of the
developing countries. NIPS is easy, safe, and can be performed
early in pregnancy.44 NIPS allows a wider coverage of disease
screening. However, findings of unclear significance, which
are always present in complex testing, could lead to an
“information overload” and subsequently impair the decision-
making process of the parents.45 Unclear findings or
incidental findings might also lead to extensive diagnostic
follow-up. The unclear findings of the fetus can also lead to
confusion and unnecessary anxiety for parents, which is likely
to persist throughout the pregnancy.46

Medical research on the problems primarily affecting the
world’s poorest people is lacking.47 This is due to lack of
awareness for the need for genomic research; lack of funding
for research, especially research regarding genetic develop-
ment; and lack of qualified ethics committee members to
overseer the research being conducted.48 There are ethical
issues raised while conducting genomic research in the lower
income countries regarding informed consent, subject’s best
interest, and the availability of intervention for results
generated by research.47,49 A collaborative partnership
between researchers and sponsors in developed countries
and researchers, policy makers, and communities in devel-
oping countries helps to minimize the possibility of exploita-
tion by ensuring that a developing country determines for
itself whether the research is acceptable and responsive to the
community’s health problems.50 The success of efforts to
build capacity in developing countries will ultimately depend
on political will and credibility, adequate financing, and a
responsive capacity-building plan that is based on a thorough
situational analysis of the resources needed for health research
and the inequities and gaps in health care.51

Another recent ethical issue is the advances in genome
editing technology.52 There are concerns regarding certain
developing countries that possess the genomic technology but
lack the oversight of a credible ethics committee and a strong
public abhorrence to the abuse of the technology. Among
Western governments, there has been a longstanding
consensus that manipulating the human germline is a line
that should not be crossed. Some European countries have
outlawed genetic modification of embryos.53 However, the
United States had recently changed its legislation regarding
genetic engineering, which allowed human embryo gene
editing for research on cures for genetic diseases.54 A group of
scientists from China had become the pioneer on human
embryo genetic editing, albeit with considerable controver-
sies.55,56 Since then, many countries including the United
States have begun research on germline editing. It is possible
there may be a sea change in the level of acceptance regarding
human gene modification over the next few years particularly
from developing countries. It is crucial to have strict
guidelines and regulations regarding human gene editing to

prevent the development of human gene editing for
nontherapeutic use. Strict legislation and its enforcement, as
well as the presence of ethics committees, are important for
the advancing of genetic technology in developing countries.57

Genetics and Islam in developing countries
It is well recognized the Islamic law is derived from (1) the
Holy Quran, (2) the recorded authentic sayings and
precedents set by the Prophet Muhammad, whether in word
or deed (Sunnah) and the prophetic decrees; the compilation
or the records of the Sunnah called Hadith, and (3) ijtihād.
Ijtihād can be defined as rulings deduced from Islamic
principles based on the Holy Quran and the Hadiths by
learned scholars to arrive at religious edicts (fatwas) to
address a particular situation.58,59 These rulings are placed in
decreasing order of authenticity and reliability respectively.
This is because of the fact that the Sunnah are recorded or
quoted as Hadiths by different individuals consequently
subject to alterations, even distortions, and therefore the
authenticity of some Hadiths is suspect because they could be
modified, unless they are proven to be authentic by a majority
of scholars. This uncertainty often clouds decision-making in
some matters.58

The populations of a number of developing nations and
emerging economies of the world are of the Islamic faith.59

The utilization of present-day health-care genetic technologies
is often erroneously considered a taboo by the less enlightened
members of the faith, which could render communities and
individuals with no option but to accept his/her or their
offspring’s condition as “fated.” Such situations leave no
option for the alleviation of specific medical conditions. For
instance, to this day there is no universally applicable religious
edict (fatwa) for the termination of anomalous fetuses that are
incompatible with life if its detection was inadvertently
delayed beyond the limit of 120 days postfertilization.
Abortion is permissible if such anomalies are detected prior
to 120 days postfertilization (makruh). In such instances,
adherence to assumed taboos could result in disastrous
consequences for the affected individual or immediate family
members, and enormous loss of taxpayer revenue.58 Adher-
ents of Islam believe their religion is a tolerant one but its
statutes have been unintentionally misrepresented by the less
informed or subjected to misguidance by self-appointed
custodians of the religion who are less informed themselves
(which is prohibited; Holy Quran, 17:36) to a level that the
faith appears intolerant and backward in character. Mis-
guidance is abhorred in Islam (Muslim, 1631). The Holy
Quran implores Muslims to learn and research the scientific
facts and to become aware of what is around them (Holy
Quran, 88:17–21) and praises those who have acquired
knowledge (Holy Quran 39:9). Indeed the Holy Quran is
replete with verses that exalt knowledge and knowledge-
seeking. It is a prophetic decree that the faithful seek
knowledge (al-Bukhaari, Kitaab al-‘Ilm,). Enlightened adher-
ents of Islam would concur that knowledge comes from the
almighty and that such knowledge could be put to good use
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for the common good of humankind, such that harm and
misery is allayed.
In all Abrahamic religions and in other religions, the

question of the soul is paramount. A living individual not
only has a physical body but also a soul. Therefore it
follows that an embryo is not an individual unless it has a
soul. This, in Islam, is generally believed to take place at about
120 days after fertilization although some schools of thought
argue that life begins the moment the sperm fertilizes the
egg. On the basis of Hadith Muslims assume the former to
be correct.60–62

An embryo becomes an individual with the full rights of
a living person only after it is bestowed a soul prior to
which it is just an entity, soulless, and hence lifeless, as it
were, to most Islamic scholars, and is therefore with limited
rights, but not devoid of rights. In consideration of these
points, the general belief in Islam is that the embryo begins
life following ensoulment at day 120 after fertilization.60,61

Detailed description concerning embryo and fetal develop-
ment in the Holy Quran appears to have some parallel
with current scientific knowledge.62 Based on these argu-
ments coupled with the fact that preimplantation genetic
screening (PGS) does not cause destruction to the embryo
or harm to any individual makes it a technology that
can be permissible in Islam provided this technology is not
used for sex selection or surrogacy for cosmetic reasons.
PGS can be performed using next-generation sequencing
(NGS) or an array-based method. This makes PGS permis-
sible and thus acceptable in almost all countries with
predominantly Muslim populations, including the Kingdom
of Saudi Arabia and Iran, which are the bastions of the Sunni
and Shi’ite sects of Islam.
Sunni Muslims belong to one of the four major schools of

thought, which are called Madhhabs, i.e., Hanafi, Shafi’i,
Maliki, and Hanbali. Madhhabs are neither clans nor sects
but only schools of thought. These four schools of Sunni
thought derive their Islamic rules from the Holy Quran,
Hadith, and new rules based on Ijtihād. While generally
abortion is forbidden at any stage of pregnancy on the basis
of two verses from the Holy Quran the application of
knowledge, in this case, the use of PGS, to prevent harm to
children or avoid difficulty for their parents appears
permissible. The first verse states that no soul shall be killed
except for judicial reasons.63 While the other verse states that
killing children for fear of want, social or economic reasons,
is a major sin.58,64 In PGS the embryos are not subjected
to destruction during the procedure but genetically abnormal
embryos are disposed usually in a humane manner. This
could be construed as a means for avoiding harm and misery
for the parents and kin.
Only a few countries apply Islamic principles as the basis of

governing laws (i.e., Saudi Arabia and Iran). In these two
countries the religious edicts issued by an authorized council
will be considered law. In the remaining countries where
even if Islam is the official religion, the laws are made by
parliament or the royal court, which may or may not conform

to religious edicts, but usually does. Religious edicts issued by
an Islamic council of scholars in individual Islamic countries
are applied but such edicts are not law until passed by their
parliament or equivalent authority.
Past and contemporary Islamic scholars have opined that

abortion is totally forbidden at any stage of pregnancy.
However, some scholars consider it permissible during the
first 40 days of pregnancy at a stage of pregnancy called the
nutfah, but forbidden thereafter. Others consider abortion
permissible during the first 80 days of pregnancy at a stage of
pregnancy referred to as the alaqah but forbidden thereafter.
While others consider it permissible during the stages of
pregnancy in the first 4 months provided there are reasonable
grounds for abortion.58 Based on these schools of thought, it
appears reasonable to assume the disposal of PGS-determined
abnormal preembryos between days 3 and 7 postfertlization
is permissible.
Iran, on the other hand, has never actually enacted a

“gender selection act” as such, and at the same time, it has
never issued a ban on it either. As a result, clinics and
hospitals offer PGD for social as well as disease avoidance
reasons. The International Islamic Fiqh Council (IIFC) is an
Islamic Sunni institution of the World Muslim League based
in Mecca, Saudi Arabia. Its members are representatives of
individual countries where Islam is the predominant religion.
They are chosen by their governments as the senior-most
Islamic clerics/scholars of their respective countries. Their
main task is to meet on a regular basis to discuss current
debatable issues affecting Muslims and to formulate rulings
for resolving such issues.
The latest regulations issued by the IIFC state that if it was

proven before the passage of 120 days of pregnancy by a
committee of at least two competent and trustworthy medical
experts and confirmation based on examination with the
use of appropriate equipment and laboratory findings that
the fetus is unwell with serious anomalies, it is permissible
to abort following the request of the parents. On the basis
of this ruling, the application of PGS to identify and
dispose of abnormal human preembryos is permissible.58

This ruling was based on a verse in the Holy Quran that
indicates a mother shall not be made to suffer harm because
of her child.65

The Iranian parliament amended its regulations on abortion
according to the recommendations of the Guardian’s Council
(the principles of the Shi’ite sect) in 2005 (ref. 66). Their ruling
states that therapeutic abortions may be performed under
certain conditions. First, the fetus must be less than 4 months
of age, that is, before ensoulment. Second, the fetus must be
suffering from profound developmental delay or profound
deformations or malformations. Third, these fetal problems
must be the cause of extreme suffering or hardship for the
mother or the fetus. Fourth, the life of the mother should be
in danger. Fifth, both the mother and the father must give
their consent to the procedure. The physician performing
the abortion shall not be penalized for the performance of
these services. The disposal of PGS-identified abnormal
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preembryos in the Shi’ite community appears to satisfy all of
the above except for rule 4, which is indeterminate and could
be construed as potentially hazardous to the mother. Of
interest is the report that apparently Iran has not enacted a
ban on gender selection, while at the same time has not
banned it. Consequently PGS is offered for social as well as
disease avoidance reasons.67

Guiding principles of Islam
Islam in general has provided broad guiding principles that
can be utilized to overcome any dilemma. The first guideline
asks one to consider whether a particular action fulfills the
basic objectives of jurisprudence. These objectives include (1)
preservation of religion, (2) preservation of life, (3) preserva-
tion of genealogy or parentage, (4) preservation of the mind
and health, and (5) preservation of property. The second
guideline seeks to prevent detriment, which has a priority over
the fulfillment of a benefit or interest.60,61 These guiding
principles and the Holy Quranic recommendations that
consanguinity be avoided when put together would lead to
inferences that suggest fetal anomalies have to be prevented,
which again favors the argument for PGS.58

PGS is useful for couples pursuing assisted reproductive
technology (ART) treatment for the alleviation of a history of
childlessness or recurrent pregnancy loss. The incidence of
aneuploidy in human in vitro generated embryos is very high,
ranging from about 50% to as high as 80% in women in the
vicinity or above 40 years of age.68,69 Selecting euploid
embryos for transfer reduces miscarriage and enhances the
chances of pregnancy and also promises the sibling is
genetically normal.69–72 Furthermore PGS eliminates the need
for invasive prenatal diagnostic tests, i.e., chorionic villus
sampling (CVS) or amniocentesis, thereby preventing the
need for therapeutic termination of pregnancy. Instead, it
gives parents the opportunity of having their own unaffected
child by selecting normal embryos by utilization of PGS for
transfer during ART treatment procedures.73 The main issue
confronting PGS is the need to discard genetically abnormal
embryos. This matter has been discussed at length by Fadel73

and Hug.66 According to them there is no clear-cut decision
on this matter. It depends entirely on what one thinks the
moral status is of an embryo.
Muslims are aware of and heed the Hadith, which states

that it is incumbent upon every Muslim to seek knowledge
and to seek cures for diseases because all Muslims are aware
of numerous Hadiths that convey that for every disease there
is a cure. In the years to come, the continuously emerging
novel medical technologies at our disposal will provide
enormous opportunities to help prevent serious health
disabilities. Novel treatment modalities could help avoid
situations that could result in lifelong disability and suffering
for the affected individual, pose a serious difficulty to the
immediate family members, and a burden on the health-care
system. Muslims recognize that no one is required to endure
either harm or difficulty due to religion as indicated in two
Holy Quranic verses.74,75

CONCLUSION
It is clear genetics and genomics are changing health-care
services rapidly even in low and middle income countries,
because the decreasing cost of genetic sequencing and rapid
analysis such as NIPS have made these technologies more
accessible. Hence there is a need to ensure that access and
application of genomic technology is utilized appropriately
and in a cost-effective manner. Many of the issues highlighted
here are not unique and share similarities with both developed
countries and LMIC alike.
Moving forward, birth defect registries are needed to

provide accurate data to health-care planners and policy
makers in the region. Capacity-building in genetic diagnostic
services and genetic counseling expertise that respect the
beliefs, cultures, religions, and traditions of the families are
urgently needed. This includes a tremendous need to have an
adequate workforce to provide reproductive services and
prenatal screening for all women during their reproductive
years. Public education and awareness programs supported by
appropriate legislation may also be required to slowly reduce
the gender imbalance in many of these countries in the Asia-
Pacific region.
Finally there must be ongoing discussion, communication,

and collaborations with geneticists and research scientists in
developed countries to share their expertise and experience so
that training, development of clinical services, and research
can be carried out. It is hoped that through both internal
development efforts and collaborative programs all countries
in the Asia-Pacific region will eventually have the necessary
resources to support a clinical genetics services for all
individuals living within this region.
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