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Abstract

Non‐invasive prenatal testing (NIPT) can determine the sex of the fetus very accu-

rately and very early in gestation. There are concerns that the ease, timing, and accu-

racy of NIPT sex determination will facilitate sex‐selective termination of pregnancy

(TOP). Here, we review current practices, the evidence for a link between NIPT and

sex‐selective TOP, and associated ethical issues. Sex‐selective TOP, usually motivated

by son preference, has had serious demographic consequences in countries such as

India and China. Currently, ultrasound is the primary method by which parents deter-

mine the sex of the fetus. The diffusion of ultrasound technology has had a direct

impact on the rates of sex‐selective TOP. Although NIPT is currently more costly, it

is feasible that increased uptake of this technology could have a similar effect. Partly

because NIPT is a relatively recent development in prenatal screening, there is little

data on the impact of NIPT on sex selection practices. Evidence that NIPT is playing

a role in sex‐selective TOP remains largely anecdotal. Further research is required to

assess and quantify TOP resulting from NIPT sex determination. The use of these

technologies for sex selection raises a number of ethical issues, in addition to practical

demographic consequences.

1 | INTRODUCTION

The introduction of non‐invasive prenatal testing (NIPT) has the

potential to make the practice of sex‐selective termination of preg-

nancy (TOP) an even more pressing issue. NIPT can determine the

sex of the fetus very accurately and very early in the pregnancy. It is

increasingly accurate from 7 weeks' gestation.1 This is earlier than

when other techniques that can determine sex, such as ultrasound or

chorionic villus sampling (CVS), are generally performed.2,3

There can be medical reasons to determine the sex of the fetus. For

example, the mother may be a carrier of an X‐linked disorder such as

Duchenne muscular dystrophy and may request further testing if the

fetus is determined to be male, as if the fetus is male, there is a 50%

chance hewill be affected by the condition.4 However, it is also common

for parents to want to find out the sex of the fetus for non‐medical

(social) reasons.5 These reasons include planning and preparation,

the desire for a closer emotional attachment to the fetus,5 or bestowing

a sense of personhood and social identity upon the fetus that is per-

ceived to be lesser when using gender‐neutral pronouns such as “it.”6

Sex determination can also be done for the purpose of sex‐selec-

tive TOP. Sex selection can be motivated by a cultural preference for

one sex. There is evidence that sex selection in favour of males is

occurring in several regions across the world, including India,7 China,8

and the Caucasus.9 Sex selection can also be motivated by for family

balancing purposes.10 This is when a family has one or more children

of one sex and wants the next child to be another sex in order to “bal-

ance” the family unit. Both rationales for sex selection raise complex

ethical issues.
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The aim of this paper is to review the current practice of sex‐

selective TOP, the evidence for a relationship between NIPT and

sex‐selective TOP, and the ethical issues associated with using NIPT

to facilitate sex‐selective TOP. This review may be useful for clinicians

and health professionals who are involved in the provision of NIPT sex

determination, as well as informing policy makers who are considering

the issue of prenatal sex determination.

2 | NIPT AND SEX DETERMINATION

Non‐invasive prenatal testing (NIPT) was developed to screen for

chromosomal conditions such as the trisomy disorders and, in some

cases, microdeletions.11 NIPT can also determine the sex of the fetus

early in the pregnancy. NIPT became available in Hong Kong and the

United States in 2011, with a rapid spread in availability worldwide.12

NIPT has many advantages over other methods of screening and/or

sex determination. It is non‐invasive (requiring only a blood sample

from the mother) and thus carries fewer risks than invasive diagnostic

techniques such as amniocentesis and chorionic villus sampling. It is

also more accurate and can be done earlier than the other established

screening option, combined first trimester screening (CFTS), which

does not determine the sex of the fetus.13

NIPT is very accurate for the determination of fetal sex. A 2017

systematic review of NIPT in singleton pregnancies found that the

sensitivity and specificity of NIPT for fetal sex is 0.989 and 0.996,

respectively.14 NIPT is not offered by many providers for twin preg-

nancies, but it is possible to determine fetal sex of twins through NIPT

with a predictive model producing an accurate prediction in 97.8% of

cases,15 with a high sensitivity and specificity for the presence of a Y

chromosome.16 Fetal sex determination can be performed through

amplification of Y‐chromosome markers such as SRY and/or DYS1417

using qPCR. A 2011 systematic review found that fetal sex determina-

tion by NIPT before 7 weeks gestation is unreliable.1 However, a more

recent approach using ddPCR may lead to accurate fetal sex determi-

nation earlier than seven weeks of gestation.18 NIPT can also be used

to indicate the presence of sex chromosome aneuploidies (SCAs) and

other disorders of sex development.19,20 However, it is important to

note that the accuracy of NIPT for SCAs varies and is less accurate

than its use for the autosomal chromosome disorders.21 Discordance

between sex phenotype and NIPT results can also occur due to trans-

locations, deletions, other disorders of sex development, vanishing

twin syndrome, or maternal chimerism.22,23

3 | AVAILABILITY OF NIPT FOR SEX
DETERMINATION

NIPT is currently being adopted in health care systems across the

world. In many countries, NIPT remains a user‐pays option and is not

publicly funded. However, some countries have begun to provide

public funding for NIPT. In Belgium, NIPT has been available for

reimbursement as a primary screening test since July 2017.24 In the

Netherlands, NIPT is being provided as a screen to all pregnant women

regardless of risk as part of theTRIDENT‐2 implementation study.25,26

Other countries provide funding for NIPT contingent on risk for fetal

anomalies, such as Switzerland,27 Denmark,28,29 and Canada (only

certain provinces).30,31 In the United Kingdom, NIPT is available in

the National Health Service (NHS) across Wales as a secondary screen

for high‐risk populations.32 However, many of these systems do not

fund non‐medical sex determination, instead focusing on screening

for autosomal disorders.33,34

NIPT for non‐medical sex determination is easily accessible

through the private sector in many countries,35 but in some countries

such as India, prenatal sex determination is outlawed.36 A 2017

Nuffield Council on Bioethics report recommended that non‐medical

NIPT sex determination not be offered through the UK NHS or private

providers.35 In the United Kingdom, there have also been calls by

members of the Labour Party for non‐medical NIPT sex determination

to be banned.37 In response, the Nuffield Council reiterated their

stance that NIPT for non‐medical sex determination should not be

offered through the NHS.38 They also recommended that private pro-

viders be prevented from providing non‐medical sex determination.

4 | CURRENT METHODS OF SEX‐SELECTIVE
TERMINATION OF PREGNANCY

There are concerns that NIPT, due to its ease, accuracy, and availability

early in gestation, may facilitate an increase in sex‐selective termina-

tion of pregnancy (TOP).35 Ultrasound identification of sex is the

current most common means of determining the sex, but its level of

accuracy only approaches that of NIPT later in the pregnancy (eg,

beyond 14 wk).3 NIPT can determine sex more accurately than ultra-

sound at earlier stages of gestation.39

An ultrasound is recommended at 18 to 22 weeks of gestation,40

and thus, this is the time in pregnancywhere parent(s) will be most likely

to determine the sex of their fetus, if they wish. However, pregnant

women are increasingly requesting sex determination at a first‐

What's already known about this topic?

• Sex‐selective termination of pregnancy is a widespread
practice in many areas of the world.

• It is commonly motivated by a son preference and
possibly also for the purpose of “family balancing.”

• Non‐invasive prenatal testing can determine the sex very
early in the pregnancy, and there are concerns that this
will further facilitate sex‐selective termination of
pregnancy.

What does this study add?

• Evidence that NIPT is facilitating sex selection remains

anecdotal, and further research is required to quantify

this.
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trimester ultrasound (eg, 12 weeks' gestation), despite the lower accu-

racy of sex determination at this gestation.3 One 2016 study found that

from the gestational age of 12 weeks, fetal sex determination was both

feasible and accurate in 79% of cases; there is increased sensitivity in

the determination of female sex compared with male sex.41 With

increased gestational age (eg, beyond 14 wk), fetal sex determination

becomes significantly more accurate than at 12 weeks' gestation.3

Invasive diagnostic tests such as CVS can also be used to deter-

mine fetal sex very accurately.42 However, generally, CVS is not per-

formed before 10 weeks' gestation, due to an increased risk for limb

malformation.43 The invasive nature of CVS also makes it a less desir-

able option than NIPT. It carries a risk, albeit small, of miscarriage.44

If sex‐selective TOP is the rationale behind sex determination,

there is an incentive to determine the sex as early as possible, as

TOP becomes more complex and expensive with increased gestational

age.45 TOP at the time NIPT identifies fetal sex can be done by a sur-

gical procedure, whereas by the time it can be confidently identified by

ultrasound, TOP may require induction and delivery.45 In the early

stages of gestation, NIPT is more accurate than ultrasound39 and also

safer than invasive techniques such as CVS.42 TOP at earlier stages of

gestation is also generally seen as more ethically acceptable due to

the increasing moral status of the fetus as it grows and also may be

associated with decreased psychological distress for the pregnant

woman.35 Therefore, given that NIPT can allow for early, safe, and

accurate sex determination, it is a possibility that this would make it

easier to facilitate sex‐selective TOP.

5 | SEX‐SELECTION: CURRENT PRACTICE
AND MOTIVATIONS

Sex‐selectiveTOP is often driven by a strong son preference, resulting

in the termination of female fetuses; this is particularly common in

countries such as China or India, among others.7,8 Sex‐selective TOP

is one of the likely causes of male‐biased sex ratios in countries in

Asia, Africa, and Eastern Europe.46 There are also significantly male‐

biased sex ratios in the Caucasus region.9 The natural sex ratio is

approximately 105 males for every 100 females, and major deviations

from this are generally interpreted as evidence for prenatal or pre‐

conception sex selection.47 Sex‐selective TOP is often biased against

females and thus is a gendered issue.

In cultures without an overall strong son preference, such as the

United States,48 sex‐selection (whether through termination or preim-

plantation genetic diagnosis) is commonly justified on the grounds of

“family balancing,” where the parent(s) desire a mix of sexes in their

children. Family balancing may therefore not involve an overall ten-

dency towards one sex or the other—however, there are still ethical

concerns.10 Regulation around sex‐selection for non‐medical reasons

varies based on jurisdiction. The use of technologies such as sperm‐

sorting49 and pre‐implantation genetic diagnosis50 is an established

practice in regions where pre‐conception non‐medical sex‐selection

is permitted. There is less evidence for the use of TOP as a method

of sex‐selection for family balancing.

There are a number of reasons why a preference for male children

exists in some regions. It is particularly prominent where patrilineal

kinship systems incentivise the production of sons, and the family

name is carried down through the male line.51 Another reason is eco-

nomic. In India, the practice of a dowry for girls when they get married

creates a significant cost for families.52 In China, sons are perceived to

be a source of financial security.53 There can also be religious motiva-

tions for desiring a son.54,55 In rural areas, sons can also be important

as a source of agricultural labour.56 This preference has also been

exacerbated by a decline in fertility in these regions—the fewer chil-

dren a couple has, the more important it is that they do not solely have

daughters.57

Sex‐selective TOP has had a number of negative demographic

effects in countries such as China and India. For example, the large

number of “missing women” in China has resulted in a large number

of young men who are unable to find partners. This has resulted in

decreased quality of life, impacted their social status, and increased

competition among those who would like to find a female partner.58

This has also resulted in an increase in sex trafficking and bride traf-

ficking from neighbouring regions and countries such as Vietnam.59

India and China have outlawed prenatal sex determination in an

effort to prevent sex‐selective TOP. In India, this was done through

the 1994 Pre‐Conception and Pre‐Natal Diagnostic Techniques (Prohi-

bition Of Sex Selection) Act (PCPNDT Act).60 However, in India, this

has not necessarily affected the widespread practice of sex‐selective

TOP as abortion is legal, and these laws are often poorly enforced.61

It is important to note that female infanticide has a long history in

India, but research suggests that in the modern era, the elimination

of females has now largely shifted from infanticide to sex‐selective

TOP.62 In China, this son preference is exacerbated by the historical

One‐Child Policy, where in many regions of China, parents were until

recently limited to one or possibly two children.63 However, it is a pos-

sibility that underreporting of female births due to this policy has also

contributed to a skewed sex ratio at birth in the official statistics.64 As

with India, prenatal sex determination is banned in China but remains a

widespread practice, with enforcement proving to be difficult for the

government.65 If a parent's firstborn child is a girl, they are more likely

to undergo an ultrasound in subsequent pregnancies, which possibly

indicates that there is widespread use of ultrasound for sex determina-

tion and selective TOP of female fetuses even though this practice is

banned.66

6 | CURRENT EVIDENCE FOR SEX
SELECTION

Access to ultrasound in regional areas in China was associated with an

increase in the sex ratio at birth.67 Approximately 40% to 50% of the

increase in sex ratio at birth from the 1980s onwards can be explained

by access to sex determination through ultrasound.67 Although data

for sex ratio at birth (SRB) are not available in China for non‐census

years, there is an annual sample survey that provides data for the 0

to 4 age group (see Figure 1). For the census data, which does contain
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information about SRB, the SRB continued to slowly increase until the

late 2000s.69 This is in accordance with the annual sample survey.

However, while it is unclear how accurate the national statistics

are,70 the data from the annual sample survey suggests that the SRB

is now on a decline, although the most recent data reports that the

SRB is still well above the natural ratio (at 114.5). This is in contrast

to countries such as South Korea, which showed an increase in SRB

in the early 1990s, but has since then exhibited a significant decline

back to a natural ratio.69

In India, data from the Sample Registration System indicate that

the SRB was declining up until 2011‐2013. However, the SRB for

2012‐2014 and 2013‐2015 showed a marked increase in the SRB.71

The Civil Registration System, which has recorded above 80% of births

since 2011, shows an even more marked increase in the SRB, from

110 (2011) to 114 (2016) (rounded figures) (see Figure 2).73

Sex‐selective TOP may also be occurring in countries with

population‐level balanced SRB. A 2015 assessment of the issue of

sex‐selective TOP in the United Kingdom, by the Department of

Health, found that there was no evidence of sex‐selective TOP occur-

ring.74 However, this is in contrast to previous research from 2007

that found an increased SRB among Indian‐born mothers in the United

Kingdom, especially with multiparous women.75 Research examining

data from 2007‐2011 did not, on the other hand, find any skewed

SRB among Indian‐born women, although there was an effect in

mothers born in Southeast Asia and the Middle East76; it is important

to note that this latter study did not break the ratios down by parity.

Similar male‐biased SRB have been observed in immigrant popula-

tions of other countries, particularly the Indian‐ and/or Chinese‐born

populations of Spain,77,78 Canada,79-84 (including second‐generation

mothers85), Norway86 (although some research contradicts this87),

Sweden,88 Greece,89,90 Italy,91 Australia,92 and the United

States.48,93-99 These trends are most evident with higher birth orders;

women in these demographics with two or more girls are generally

much more likely to have a boy in following pregnancies. This suggests

FIGURE 1 Data from National Bureau of Statistics of China (Annual Survey, 2000 & 2010 censuses)68 [Colour figure can be viewed at
wileyonlinelibrary.com]

FIGURE 2 Sex ratio at birth from the Civil Registration System (India).72 N.B. data converted from females per 100 males (format of official
figures) to males per 100 females [Colour figure can be viewed at wileyonlinelibrary.com]
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that son preference does not influence termination of earlier pregnan-

cies as much as it does when previous pregnancies have been com-

pleted and have resulted in girls.

7 | NIPT SEX DETERMINATION AND SEX
SELECTION

Much of this data precedes the advent of NIPT. It is unclear if changes

in SRB indicating sex‐selection will be influenced by the ease of access

of NIPT. More research for the period from 2012 onwards is necessary

to be able to examine if there is a possible impact of NIPT on

SRB. In Australia, an analysis of all live births in the state of Victoria

showed an SRB of 1.25 for multiparous women born in China, in the

period of 2011‐2015. For multiparous women born in India, the SRB

was 1.22. This was higher in comparison with previous years and also

in comparison with the population SRB of 1.05 for multiparous

women in 2011‐2015.92This increase in SRB from 2011 onwards

approximately correlates with the introduction of NIPT and so may

indicate a role that NIPT is playing in sex‐selective TOP. There are

anecdotal reports that NIPT is being used to facilitate sex‐selective

TOP in the United Kingdom,37 with a BBC report in September

2018 highlighting this possibility.100 One participant in a 2018 survey

of genetic counsellors in the United States reported that “We

have had couples terminate for gender. NIPT gets them results early

enough they can act without people knowing they are pregnant …

.”101

As noted previously, the SRB is increasing in India. However, it is

important to note that while NIPT in India is available, prenatal sex

determination is illegal. This includes prenatal sex determination

through NIPT for all Indian‐based laboratories. NIPT first became used

in India via home tests sent to laboratories in the United States,61

which would bypass the legislation against prenatal sex determination.

This limited the use of the test to those with the means to access such

testing. Therefore, it is not likely that NIPT has had a large impact on

the sex ratio in this time. However, as explored earlier, the diffusion

of a technology that could easily determine sex prenatally (ultrasound)

had a serious impact on the level of sex‐selection. It is feasible that

the introduction of a newer, more accurate technology (NIPT) could

follow a similar path in spite of the ban on prenatal sex determination.

There is some empirical research into the views of women (includ-

ing previous users of NIPT) towards the use of NIPT for non‐medical

sex determination and selection. One 2014 study from Ohio, in the

United States, found that 49% of respondents (pregnant women)

would use NIPT for sex determination, as compared with CVS

(19%).102 A 2016 Swedish study found that 50% of respondents (preg-

nant women) would like to use NIPT to find out the fetal sex.103 A

more recent 2019 study from Victoria, Australia, which surveyed

women who had previously undergone NIPT, found that 61% indi-

cated an interest in using NIPT for sex determination, although a

higher percentage (86%) indicated support for the general availability

of NIPT for such a use. When asked about the use of that information

for sex‐selective TOP, 99% of respondents indicated that they would

“definitely not” consider it.104 In comparison with these relatively sup-

portive values for NIPT sex determination, a 2015 study from the

Netherlands found that only 19% of pregnant women surveyed

strongly disagreed with the assertion that NIPT “should only be possi-

ble for disorders, so not for gender” (54% neither disagreed or

agreed).105 A study of online discussions about NIPT found that some

women reported using NIPT specifically for sex determination,

although they did not disclose this to their health care provider as

their primary motivation.106

Health care providers have highlighted that their patients often

wish to know the sex of the fetus as early as possible, finding NIPT

useful for this purpose.107 A 2019 survey of European health care pro-

viders found varying levels of interest (on the part of the providers) in

the use of NIPT to determine sex chromosomes, from 51% in France

to 78% in Spain. It is important to note that this study did not specify

non‐medical sex determination.108 A 2018 study of 103 genetic coun-

sellors in the United States found that 60% offered NIPT for determi-

nation of sex chromosomes to all patients, and there were no

participants who did not offer it at all. Seventy‐five percent of partic-

ipants thought it should be offered universally, although the percent-

age of those concerned about the use of NIPT for sex determination

had increased significantly since a similar survey in 2015 from 1% to

26.5%.101 In another study from the United States, a 2016 survey of

maternal‐fetal medicine fellows, 54.4% of respondents believed that

it was somewhat or very likely that NIPT would lead to an increase

in sex‐selective TOP.109 Research from 2016 into the views of

Pakistani obstetricians found that 55% would not offer NIPT for sex

determination. However, 31% would offer this, despite recognising a

strong son preference, with participants suggesting the illegal status

of abortion for social reasons in Pakistan as sufficient protection

against sex‐selective TOP.110 A 2017 survey of obstetric professionals

in New Zealand found that 37% had been asked about using NIPT for

sex determination, and 33% supported the public funding of NIPT sex

determination.111

8 | ETHICAL ISSUES

The primary ethical objections to the use of NIPT for sex determina-

tion stem from its possible use as a tool for sex‐selection. Many of

these objections apply to sex determination and sex‐selective TOP in

general. However, as previously stated, NIPT intensifies these con-

cerns due to its accuracy, ease of use, safety, and availability early in

gestation. The early accuracy of NIPT removes much of the uncer-

tainty that other methods such as ultrasound still have and thus can

result in more informed decisions and removes the risk of inaccurate

results that can temper decision‐making around sex‐selective TOP.

NIPT also allows for sex‐selective TOP in the first trimester, which is

easier in practical terms, as well as allowing the pregnant woman to

delay maternal‐fetal bonding. These factors may make sex‐selective

TOP significantly easier to pursue if NIPT is used. Therefore, it is

important to explore these ethical issues in the context of NIPT

adoption.
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Widespread sex‐selection could lead to harms on the societal level,

which are already experienced by countries with significantly skewed

sex ratios due to a strong cultural son preference. However, beyond

the practical consequences of sex‐selection on a wider scale, there

are also ethical concerns about sex‐selection as a choice that individ-

uals make. This includes the use of sex‐selection as a tool for “family

balancing,” when the choice is not necessarily driven by a strong son

preference.

8.1 | Autonomy

A common argument for sex selection is from respect for reproductive

autonomy and liberty. Allowing for sex selection (in this case, through

NIPT and sex‐selective TOP) would satisfy the preferences of those

parents who desire a child of one particular sex and would not other-

wise reproduce if they could not realise those preferences.112 From

this perspective, sex selection is a legitimate exercise of reproductive

choice and parents should not be limited from satisfying their prefer-

ences.113 NIPT can allow for increased autonomy in reproductive

decision‐making due to its high accuracy, which allows for more

informed choices. Sex‐selection through NIPT does not carry any risk

of physical harm to the fetus if it is carried to term, and so we do not

need to be concerned with previous fears about harms to future per-

sons due to the nature of sex selection (eg, sperm sorting). Although

there may be harms to the child that accrue from parental expecta-

tions, there is not necessarily evidence that these harms outweigh

the benefit gained from parents realising their preferences (as parents

always have expectations113). However, an objection to this is it dislo-

cates the individual choice of the parents from the social context in

which they make their choice, and that from the perspective of rela-

tional autonomy theorists, these reproductive choices cannot be

understood solely on an individual level.46 This means that an individ-

ual's choice is irrevocably intertwined with and shaped by the social

context (such as gender inequity) in which they make their choice—a

choice that can further reinforce these inequities. Another argument

is that sex selection in fact undermines reproductive autonomy

because it is predicated on a false belief (ie, that the child will

definitely exhibit the expected gendered behaviours) and prevents par-

ents from fulfilling their desired goals, such as engaging in masculine‐

coded pastimes if they have a daughter, on the grounds of this mistaken

belief.114

8.2 | Sexism

Powledge has described prenatal and pre‐conception sex selection as

“the original sexist sin.”115 Sex selection is sexist because it makes a

judgement of value based solely on the attribute of sex alone. The

choice to select sex can also, it is argued, perpetuate sexist discrimina-

tion.116 Although some argue that allowing family balancing in West-

ern countries would not result in biased sex ratios, due to societal

gender equity, Hendl objects that sex selection based on

predetermined sex roles is already an indicator of a society that has

not achieved gender equity.46 From this perspective, the sexism inher-

ent in sex selection is not necessarily limited to male supremacy (as

expressed by son preference), but rather rooted in notions of gender

essentialism.117 The harmful sexist views, therefore, can be sex

stereotyping and not just sex supremacy.118 Some empirical research

suggests that desires for family balancing are primarily motivated by

parents envisioning a particular kind of relationship with a child of a

particular sex.117 Some theorists have argued that the belief that a par-

ent will have a particular relationship based on the sex of the child is a

sexist belief that in itself could constitute a form of harm to the

child.119 However, other theorists argue that this is not necessarily

indicative of sexism, but rather a means of parents seeking a diversity

in their parent‐child relationships, and that this is not harmful to

anyone.120

8.3 | Commodification

Another objection to sex selection is that it is a form of “designing” or

“choosing” children and thus commodifies them and subjects them to

certain expectations, rather than viewing them as individuals.121 Simi-

larly, another objection to family balancing is that it medicalises the

family unit, socially constructing families with multiple children of the

same sex as “imbalanced,” and thus wrong or pathologised in some

way.122

8.4 | Objections to sex determination itself

There are some feminist critiques of prenatal sex determination in

general. One argument from Browne is that providing prenatal sex

determination through NIPT is wrong because it encourages the con-

flation of sex and gender and thus provides a kind of “misinformation”

and that the societal benefits that accrue from undermining gender

essentialist beliefs outweigh the parent's right to know the sex of their

fetus (especially at the early stage of gestation that NIPT allows

for).123 Providing sex determination early in gestation, as NIPT allows

for, also alters consumption patterns and leads the creation of a gen-

dered environment through objects (such as toys or clothing) before

the baby is even born. This phenomenon is in fact relatively recent

and has been facilitated by the availability of prenatal sex determina-

tion that is accessible earlier and earlier.6 This prenatal gendered con-

sumption has the possibility of unnecessarily socially reinforcing

gender norms and stereotypes.

9 | THE FUTURE OF NIPT AND SEX
SELECTION

It is unclear as of yet what impact NIPT will have on trends for sex‐

selective TOP. There is anecdotal evidence that NIPT is associated

with sex‐selective TOP. However, more rigorous evidence is required

to determine whether this is indeed occurring and how often. In addi-

tion, it is unclear whether NIPT is associated with an increase in sex‐

selectiveTOP, or if it would merely be a different means. It is unknown
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whether NIPT facilitates sex‐selective TOP more or less than other

methods, such as ultrasound and invasive prenatal testing. In addition,

as NIPT is less widely accessible than other methods such as ultra-

sound, it is important to establish the extent to which NIPT contrib-

utes to sex‐selective TOP in the context of its availability.

Early sex determination through NIPT raises a number of ethical

issues. Many of the ethical issues apply to sex‐selective TOP and sex

determination in general. However, NIPT intensifies these issues do

its ease, safety, and availability early in gestation. Nevertheless, the

lack of good evidence for NIPT facilitating sex‐selective TOP should

inform the ethical debates, particularly until more conclusive evidence

relating to this can be produced.

Further research is required into the SRB of children born following

NIPT to more accurately ascertain whether NIPT use is associated

with a bias towards one particular sex. Additional research could also

examine the motivations of those using NIPT for sex determination

and determine whether sex‐selection forms any part of these. While

sex‐selective TOP and skewed SRBs remain a serious issue globally,

it is not immediately obvious what role NIPT will play in this problem

in the future.

CONFLICTS OF INTEREST

MBD is the Clinical Director of the Victorian Clinical Genetics Services,

a not‐for‐profit organisation that provides the percept NIPT.

FUNDING SOURCES

Research conducted at the Murdoch Children's Research Institute is

supported by the Victorian Government's Operational Infrastructure

Support Program. This work was supported by the Wellcome Trust

(203132). This research was supported by an Australian Government

Research Training Program (RTP) Scholarship (HBS).

DATA AVAILABILITY STATEMENT

Research data are not shared.

ORCID

Hilary Bowman‐Smart https://orcid.org/0000-0002-2142-9696

REFERENCES

1. Devaney SA, Palomaki GE, Scott JA, Bianchi DW. Noninvasive fetal

sex determination using cell‐free fetal DNA: a systematic review and
meta‐analysis. JAMA. 2011;306(6):627‐636.

2. Alfirevic Z, Navaratnam K, Mujezinovic F. Amniocentesis and

chorionic villus sampling for prenatal diagnosis. Cochrane Database
Syst Rev. 2017;9. https://doi.org/10.1002/14651858.CD003252.

pub2.

3. Kearin M, Pollard K, Garbett I. Accuracy of sonographic fetal gender

determination: predictions made by sonographers during routine
obstetric ultrasound scans. Australas J Ultrasound Med. 2014;17(3):

125‐130.

4. Lewis C, Hill M, Skirton H, Chitty LS. Fetal sex determination using
cell‐free fetal DNA: service users' experiences of and preferences

for service delivery. Prenat Diagn. 2012;32(8):735‐741.

5. ShippTD, Shipp DZ, Bromley B, et al. What factors are associated with

parents' desire to know the sex of their unborn child? Birth. 2004;
31(4):272‐279.

6. Barnes MW. Fetal sex determination and gendered prenatal

consumption. J Consum Cult. 2013;15(3):371‐390.

7. Robitaille M‐C, Chatterjee I. Sex‐selective abortions and infant mortal-

ity in India: The role of parents' stated son preference. J Dev Stud.
2018;54(1):47‐56.

8. Hesketh T, Lu L, Xing ZW. The consequences of son preference and

sex‐selective abortion in China and other Asian countries. CMAJ.

2011;183(12):1374‐1377.

9. Duthé G, Meslé F, Vallin J, Badurashvili I, Kuyumjyan K. High sex
ratios at birth in the Caucasus: modern technology to satisfy old

desires. Popul Dev Rev. 2012;38(3):487‐501.

10. Macklin R. The ethics of sex selection and family balancing. Semin

Reprod Med. 2010;28(4):315‐321.

11. Wapner RJ, Babiarz JE, Levy B, et al. Expanding the scope of noninva-
sive prenatal testing: detection of fetal microdeletion syndromes. Am

J Obstet Gynecol. 2015;212(3):332.e1‐e9.

12. Allyse M, Minear MA, Berson E, et al. Non‐invasive prenatal testing: a

review of international implementation and challenges. Int J Womens
Health. 2015;7:113‐126.

13. Quezada MS, Gil MM, Francisco C, Orosz G, Nicolaides KH.

Screening for trisomies 21, 18 and 13 by cell‐free DNA
analysis of maternal blood at 10‐11 weeks' gestation and the com-

bined test at 11‐13 weeks. Ultrasound Obstet Gynecol. 2015;45(1):
36‐41.

14. Mackie FL, Hemming K, Allen S, Morris RK, Kilby MD. The accuracy of
cell‐free fetal DNA‐based non‐invasive prenatal testing in singleton

pregnancies: a systematic review and bivariate meta‐analysis. BJOG.
2017;124(1):32‐46.

15. Milan M, Mateu E, Blesa D, Clemente‐Ciscar M, Simon C. Fetal sex

determination in twin pregnancies using cell free fetal DNA analysis.
Prenat Diagn. 2018;38(8):578‐584.

16. Fosler L, Winters P, Jones KW, et al. Aneuploidy screening by non‐
invasive prenatal testing in twin pregnancy. Ultrasound Obstet

Gynecol. 2017;49(4):470‐477.

17. Jacob RR, Saxena R, Verma IC. Noninvasive diagnosis of fetal gender:
utility of combining DYS14 and SRY. Genet Test Mol Bioma. 2015;19

(9):505‐511.

18. D’Aversa E, Breveglieri G, Pellegatti P, Guerra G, Gambari R, Borgatti

M. Non‐invasive fetal sex diagnosis in plasma of early weeks preg-
nants using droplet digital PCR. Mol Med. 2018;24(1):14.

19. Zilberman D, Parikh LI, Skinner M, Landy HJ. Prenatal diagnosis of

androgen insensitivity syndrome using cell‐free fetal DNA testing.
Ultrasound Obstet Gynecol. 2015;45(1):114‐115.

20. Zhang B, Lu BY, Yu B, et al. Noninvasive prenatal screening for fetal
common sex chromosome aneuploidies from maternal blood. J Int

Med Res. 2017;45(2):621‐630.

21. Reiss RE, Discenza M, Foster J, Dobson L, Wilkins‐Haug L. Sex
chromosome aneuploidy detection by noninvasive prenatal testing:

helpful or hazardous? Prenat Diagn. 2017;37(5):515‐520.

22. Richardson EJ, Scott FP, McLennan AC. Sex discordance identification

following non‐invasive prenatal testing. Prenat Diagn. 2017;37(13):
1298‐1304.

23. Byers HM, Neufeld‐Kaiser W, Chang EY, Tsuchiya K, Oehler ES, Adam
MP. Discordant sex between fetal screening and postnatal phenotype

requires evaluation. J Perinatol. 2019;39(1):28‐33.

24. Kostenko E, Chantraine F, Vandeweyer K, et al. Clinical and Economic
impact of adopting noninvasive prenatal testing as a primary

BOWMAN‐SMART ET AL. 7404 BOWMAN‐SMART ET AL.



screening method for fetal aneuploidies in the general pregnancy pop-

ulation. Fetal Diagn Ther. 2019;45(6):413‐423.

25. Kater‐Kuipers A, Bunnik EM, de Beaufort ID, Galjaard RJH. Limits to
the scope of non‐invasive prenatal testing (NIPT): an analysis of the

international ethical framework for prenatal screening and an inter-

view study with Dutch professionals. BMC Pregnancy Childbirth.
2018;18(1):409.

26. Van Schendel RV, Van El CG, Pajkrt E, Henneman L, Cornel MC.

Implementing non‐invasive prenatal testing for aneuploidy in a
national healthcare system: global challenges and national solutions.

BMC Health Serv Res. 2017;17(1):670.

27. Vinante V, Keller B, Huhn EA, Huang D, Lapaire O, Manegold‐Brauer
G. Impact of nationwide health insurance coverage for non‐invasive
prenatal testing. Int J Gynecol Obstet. 2018;141(2):189‐193.

28. Hartwig TS, Ambye L, Werge L, et al. Non‐invasive prenatal testing

(NIPT) in pregnancies with trisomy 21, 18 and 13 performed in a pub-
lic setting—factors of importance for correct interpretation of results.

Eur J Obstet Gynecol Reprod Biol. 2018;226:35‐39.

29. Lou S, Petersen OB, Jørgensen FS, et al. National screening guidelines

and developments in prenatal diagnoses and live births of Down syn-
drome in 1973‐2016 in Denmark. Acta Obstet Gynecol Scand. 2018;97

(2):195‐203.

30. Laberge AM, Birko S, Lemoine MÈ, et al. Canadian pregnant women's
preferences regarding NIPT for Down syndrome: the information they

want, how they want to get it, and with whom they want to discuss it.
J Obstet Gynaecol Can. 2019;41(6):782‐791.

31. Birko S, Ravitsky V, Dupras C, et al. The value of non‐invasive prenatal
testing: preferences of Canadian pregnant women, their partners, and

health professionals regarding NIPT use and access. BMC Pregnancy
Childbirth. 2019;19(1):22.

32. NHS Direct Wales. Screening for Down's syndrome, Edwards' syn-

drome and Patau's syndrome. https://www.nhsdirect.wales.nhs.uk/
doityourself/pregnancy/downsyndrome/. .

33. Oepkes D, Page‐Christiaens GC, Bax CJ, et al. Trial by Dutch laborato-
ries for evaluation of non‐invasive prenatal testing. Part I—clinical

impact. Prenat Diagn. 2016;36(12):1083‐1090.

34. The NHS RAPID Project. NIPD for fetal sex determination. http://
www.rapid.nhs.uk/guides‐to‐nipd‐nipt/nipd‐for‐fetal‐sex‐determina-

tion/.

35. Nuffield Council on Bioethics. Non‐invasive prenatal testing: ethical

issues. March 2017.

36. Verma IC, Dua‐Puri R, Bijarnia‐Mahay S. ACMG 2016 update on non-
invasive prenatal testing for fetal aneuploidy: implications for India.

Journal of Fetal Medicine. 2017;4(1):1‐6.

37. Haque A. Labour calls for ban on early foetus sex test. BBC News.

https://www.bbc.com/news/health‐45497454. 17th September,
2018.

38. Nuffield Council on Bioethics. Council comment on call for ban on
using NIPT for sex determination. http://nuffieldbioethics.org/news/

2018/council‐comment‐call‐ban‐nipt‐sex‐determination.

39. Colmant C, Morin‐Surroca M, Fuchs F, Fernandez H, Senat MV. Non‐
invasive prenatal testing for fetal sex determination: is ultrasound still

relevant? Eur J Obstet Gynecol Reprod Biol. 2013;171(2):197‐204.

40. Salomon LJ, Alfirevic Z, Berghella V, et al. Practice guidelines for per-

formance of the routine mid‐trimester fetal ultrasound scan.
Ultrasound Obstet Gynecol. 2011;37(1):116‐126.

41. Manzanares S, Benítez A, Naveiro‐Fuentes M, López‐Criado MS,

Sánchez‐Gila M. Accuracy of fetal sex determination on ultrasound
examination in the first trimester of pregnancy. J Clin Ultrasound.

2016;44(5):272‐277.

42. Hill M, Finning K, Martin P, et al. Non‐invasive prenatal determination

of fetal sex: translating research into clinical practice. Clin Genet.
2011;80(1):68‐75.

43. Firth HV, Huson SM, Boyd PA, Chamberlain PF, MacKenzie I, Morriss‐
Kay GM. Analysis of limb reduction defects in babies exposed to cho-

rionic villus sampling. Lancet. 1994;343(8905):1069‐1071.

44. Akolekar R, Beta J, Picciarelli G, Ogilvie C, D'Antonio F. Procedure‐
related risk of miscarriage following amniocentesis and chorionic villus

sampling: a systematic review and meta‐analysis. Ultrasound Obstet
Gynecol. 2015;45(1):16‐26.

45. Janiak E, Kawachi I, Goldberg A, Gottlieb B. Abortion barriers and per-
ceptions of gestational age among women seeking abortion care in

the latter half of the second trimester. Contraception. 2014;89
(4):322‐327.

46. Hendl T. A feminist critique of justifications for sex selection. J Bioeth

Inq. 2017;14(3):427‐438.

47. Hesketh T, Xing ZW. Abnormal sex ratios in human populations:

causes and consequences. Proc Natl Acad Sci U S A. 2006;103
(36):13271‐13275.

48. Howell EM, Zhang H, Poston DL. Son preference of immigrants to the

United States: data from U.S. birth certificates, 2004‐2013. J Immigr
Minor Health. 2018;20(3):711‐716.

49. Kalfoglou AL, Kammersell M, Philpott S, Dahl E. Ethical arguments for
and against sperm sorting for non‐medical sex selection: a review.

Reprod Biomed Online. 2013;26(3):231‐239.

50. Capelouto SM, Archer SR, Morris JR, Kawwass JF, Hipp HS. Sex selec-
tion for non‐medical indications: a survey of current pre‐implantation

genetic screening practices among U.S. ART clinics. J Assist Reprod
Genet. 2018;35(3):409‐416.

51. Das Gupta M, Zhenghua J, Bohua L, Zhenming X, Chung W, Hwa‐Ok
B. Why is son preference so persistent in East and South Asia? A

cross‐country study of China, India and the Republic of Korea. J Dev
Stud. 2003;40(2):153‐187.

52. Diamond‐Smith N, Luke N, McGarvey S. ‘Too many girls, too much

dowry’: son preference and daughter aversion in rural Tamil Nadu,
India. Cult Health Sex. 2008;10(7):697‐708.

53. Ebenstein A, Leung S. Son preference and access to social insurance:
evidence from China's Rural Pension Program. Popul Dev Rev. 2010;36

(1):47‐70.

54. Borooah V, Iyer S. Religion and fertility in India: the role of son pref-
erence and daughter aversion. 2004 https://doi.org/10.17863/

CAM.5410

55. Arnold F, Zhaoxiang L. Sex preference, fertility, and family planning in

China. Popul Dev Rev. 1986;12(2):221‐246.

56. Murphy R, Tao R, Lu X. Son preference in rural China: patrilineal fam-
ilies and socioeconomic change. Popul Dev Rev. 2011;37(4):665‐690.

57. das Gupta M, Mari Bhat PN. Fertility decline and increased manifesta-
tion of sex bias in India. Popul Stud. 1997;51(3):307‐315.

58. Quanbao J, Shuzhuo L, Marcus WF. Demographic consequences of

gender discrimination in China: simulation analysis of policy options.
Popul Res Policy Rev. 2011;30(4). https://doi.org/10.1007/s11113‐
011‐9203‐8

59. Stöckl H, Kiss L, Koehler J, Dong DT, Zimmerman C. Trafficking of

Vietnamese women and girls for marriage in China. Glob Health Res
Policy. 2017;2:28.

60. Potdar P, Barua A, Dalvie S, Pawar A. “If a woman has even one
daughter, I refuse to perform the abortion” Sex determination and

safe abortion in India. Reprod Health Matters. 2015;23(45):114‐125.

61. Madan K, Breuning MH. Impact of prenatal technologies on the sex
ratio in India: an overview. Genet Med. 2013;16:425‐432.

8 BOWMAN‐SMART ET AL.BOWMAN‐SMART ET AL. 405



62. Jha P, Kumar R, Vasa P, Dhingra N, Thiruchelvam D, Moineddin R.

Low male‐to‐female sex ratio of children born in India: national survey
of 1.1 million households. Lancet. 2006;367(9506):211‐218.

63. Zhu WX, Lu L, HeskethT. China's excess males, sex selective abortion,

and one child policy: analysis of data from 2005 national intercensus

survey. BMJ. 2009;338:b1211.

64. Yi Z, Ping T, Baochang G, Yi X, Bohua L, Yongpiing L. Causes and
implications of the recent increase in the reported sex ratio at birth

in China. Popul Dev Rev. 1993;19(2):283‐302.

65. Nie J‐B. Limits of state intervention in sex‐selective abortion: the case

of China. Cult Health Sex. 2010;12(2):205‐219.

66. Junhong C. Prenatal sex determination and sex‐selective abortion in
rural Central China. Popul Dev Rev. 2001;27(2):259‐281.

67. ChenY, Li H, Meng L. Prenatal sex selection and missing girls in China:
evidence from the diffusion of diagnostic ultrasound. J Hum Resour.

2013;48(1):36‐70.

68. National Bureau of Statistics of China. Annual Data. Available from:
http://www.stats.gov.cn/english/statisticaldata/AnnualData/.

69. Jiang Q, Yu Q, Yang S, Sánchez‐Barricarte JJ. Changes in sex ratio at
birth in china: a decomposition by birth order. J Biosoc Sci. 2017;49

(6):826‐841.

70. Plekhanov D. Quality of China's official statistics: a brief review of
academic perspectives. CJAS. 2017;35(1):76‐101.

71. Sex Ratio (Females/1000 Males). NITI Aayog. Available from: https://
niti.gov.in/content/sex‐ratio‐females‐1000‐males

72. Annual Report on Vital Statistics of India based on CRS: Office of the

Registrar General & Census Commissioner, India. Available from:
http://www.censusindia.gov.in/2011‐Common/Annual_Report.html.

Accessed May 1, 2019

73. Rajan SI, Srinivasan S, Bedi AS. Update on trends in sex ratio at birth

in India. Economic & Political Weekly. 2017;52:11.

74. Assessment of termination of pregnancy on grounds of the sex of the
foetus. United Kingdom Department of Health, August 2015. https://

assets.publishing.service.gov.uk/government/uploads/system/
uploads/attachment_data/file/456642/sex_selection_doc.pdf

75. Dubuc S, Coleman D. An increase in the sex ratio of births to India‐
born mothers in England and Wales: evidence for sex‐selective abor-

tion. Popul Dev Rev. 2007;33(2):383‐400.

76. Smith C. Fogarty A. Is the mothers' country of birth associated with
the sex of their offspring in England and Wales from 2007 to 2011?

BMC Pregnancy Childbirth. 2014;14(1):332.

77. González L. Sex selection and health at birth among Indian immi-

grants. Econ Hum Bio. 2018;29:64‐75.

78. Castelló A, Urquia M, Rodríguez‐Arenas MÁ, Bolúmar F. Missing girls
among deliveries from Indian and Chinese mothers in Spain 2007‐
2015. Eur J Epidemiol. 2019;34(7):699‐709.

79. Brar A, Wanigaratne S, Pulver A, Ray JG, Urquia ML. Sex ratios at

birth among Indian immigrant subgroups according to time spent in
Canada. J Obstet Gynaecol Can. 2017;39(6):459‐464. e2

80. Ray JG, Henry DA, Urquia ML. Sex ratios among Canadian liveborn

infants of mothers from different countries. CMAJ. 2012;184(9):
E492‐E496.

81. Urquia ML, Ray JG, Wanigaratne S, Moineddin R, O'Campo PJ. Varia-
tions in male‐female infant ratios among births to Canadian‐ and

Indian‐born mothers, 1990‐2011: a population‐based register study.
CMAJ Open. 2016;4(2):E116‐E123.

82. Almond D, Edlund L, Milligan K. Son preference and the persistence of

culture: evidence from South and East Asian immigrants to Canada.
Popul Dev Rev. 2013;39(1):75‐95.

83. Auger N, Daniel M, Moore S. Sex ratio patterns according to Asian

ethnicity in Québec, 1981–2004. Eur J Epidemiol. 2008;24(1):17‐24.

84. Urquia ML, Moineddin R, Jha P, et al. Sex ratios at birth after induced
abortion. CMAJ. 2016;188(9):E181.

85. Wanigaratne S, Uppal P, Bhangoo M, Januwalla A, Singal D, Urquia
ML. Sex ratios at birth among second‐generation mothers of South

Asian ethnicity in Ontario, Canada: a retrospective population‐based
cohort study. J Epidemiol Community Health. 2018;72(11):1044.

86. Singh N, Pripp AH, BrekkeT, Stray‐Pedersen B. Different sex ratios of

children born to Indian and Pakistani immigrants in Norway. BMC

Pregnancy Childbirth. 2010;10(1):40.

87. Tønnessen M, Aalandslid V, Skjerpen T. Changing trend? Sex ratios of
children born to Indian immigrants in Norway revisited. BMC Preg-

nancy Childbirth. 2013;13(1):170.

88. Mussino E, Miranda V, Ma L. Changes in sex ratio at birth among

immigrant groups in Sweden. Genus. 2018;74(1):13.

89. Verropoulou G, Tsimbos C. Differentials in sex ratio at birth among
natives and immigrants in Greece: an analysis employing nationwide

micro‐data. J Biosoc Sci. 2010;42(3):425‐430.

90. Gavalas V, Rontos K, Nagopoulos N. Sex ratio at birth in twenty‐first
century Greece: the role of ethnic and social groups. J Biosoc Sci.
2015;47(3):363‐375.

91. Elena A, Livia Elisa O, Cinzia C, Marina A. Sex imbalances at birth in

migratory context evidence from Italy. Genus. 2015;71(2‐3):29‐51.

92. Edvardsson K, Axmon A, Powell R, Davey M‐A. Male‐biased sex ratios

in Australian migrant populations: a population‐based study of 1 191
250 births 1999‐2015. Int J Epidemiol. 2018;47(6):2025‐2037.

93. Almond D, SunY. Son‐biased sex ratios in 2010 US Census and 2011‐
2013 US natality data. Soc Sci Med. 2017;176:21‐24.

94. Egan JFX, Campbell WA, Chapman A, Shamshirsaz AA, Gurram P,

Benn PA. Distortions of sex ratios at birth in the United States; evi-
dence for prenatal gender selection. Prenat Diagn. 2011;31

(6):560‐565.

95. Almond D, Edlund L. Son‐biased sex ratios in the 2000 United States
Census. Proc Natl Acad Sci U S A. 2008;105(15):5681‐5682.

96. Abrevaya J. Are there missing girls in the United States? Evidence
from birth data. Am Econ J‐Appl Econ. 2009;1(2):1‐34.

97. Grech V. Further evidence of male offspring preference for certain

subgroups in the United States (2007‐2015). Early Hum Dev.
2017;110:9‐12.

98. Ost B, Dziadula E. Gender preference and age at arrival among Asian
immigrant mothers in the US. Econ Lett. 2016;145:286‐290.

99. Grech V. Evidence of socio‐economic stress and female foeticide in

racial disparities in the gender ratio at birth in the United States
(1995‐2014). Early Hum Dev. 2017;106:63‐65.

100. BBC Victoria Derbyshire. ‘I aborted after they told me it was a girl’.
https://www.bbc.co.uk/programmes/p06lffpy.

101. Bennett C, Whiting A. Current Attitudes and practices in genetic

counseling concerning noninvasive prenatal screening—a follow up
study. Human Genetics Theses and Capstones. 2018;42.

102. Farrell RM, Agatisa PK, Nutter B. What women want: lead consider-
ations for current and future applications of noninvasive prenatal

testing in prenatal care. Birth. 2014;41(3):276‐282.

103. Sahlin E, Nordenskjöld M, Gustavsson P, Wincent J, Georgsson S,
Iwarsson E. Positive attitudes towards non‐invasive prenatal testing

(NIPT) in a Swedish cohort of 1,003 pregnant women. PLoS ONE.
2016;11(5):e0156088.

104. Bowman‐Smart H, Savulescu J, Mand C, et al. ‘Is it better not to know
certain things?’: views of women who have undergone non‐invasive

BOWMAN‐SMART ET AL. 9406 BOWMAN‐SMART ET AL.



prenatal testing on its possible future applications. J Med Ethics.

2019;45(4):231‐238.

105. van Schendel RV, Dondorp WJ, Timmermans DR, et al. NIPT‐based
screening for Down syndrome and beyond: what do pregnant women

think? Prenat Diagn. 2015;35(6):598‐604.

106. Crabbe RES, Stone P, Filoche SK. What are women saying about non‐
invasive prenatal testing? An analysis of online pregnancy discussion
forums. Prenat Diagn. 2019. https://doi.org/10.1002/pd.5500

107. Gammon BL, Kraft SA, Michie M, Allyse M. “I think we've got too

many tests!”: prenatal providers' reflections on ethical and clinical

challenges in the practice integration of cell‐free DNA screening.
Ethics Med Public Health. 2016;2(3):334‐342.

108. Benachi A, Caffrey J, Calda P, et al. Understanding attitudes and

behaviors towards cell‐free DNA‐based noninvasive prenatal testing
(NIPT): a survey of European health‐care providers. Eur J Med Genet.

2019. https://doi.org/10.1016/j.ejmg.2019.01.006

109. Swaney P, Hardisty E, Sayres L, Wiegand S, Vora N. Attitudes and

knowledge of maternal‐fetal medicine fellows regarding noninvasive
prenatal testing. J Genet Couns. 2016;25(1):73‐78.

110. Ahmed S, Jafri H, Rashid Y, Mason G, Ehsan Y, Ahmed M. Attitudes

towards non‐invasive prenatal diagnosis among obstetricians in Paki-
stan, a developing, Islamic country. Prenat Diagn. 2017;37(3):289‐295.

111. Filoche SK, Lawton B, Beard A, Stone P. Views of the obstetric profes-
sion on non‐invasive prenatal testing in Aotearoa New Zealand: a

national survey. Aust N Z J Obstet Gynaecol. 2017;57(6):617‐623.

112. Robertson JA. Preconception gender selection. Am J Bioeth. 2001;1
(1):2‐9.

113. Savulescu J. Sex selection: the case for. In: Kuhse H, Singer P, eds.
Bioethics. An Anthology: Blackwell; 2006.

114. Browne TK. How sex selection undermines reproductive autonomy. J

Bioeth Inq. 2017;14(2):195‐204.

115. PowledgeTM. Unnatural selection. In: Holmes HB, Hoskins BB, Gross

M, eds. The custom‐made child? women‐centered perspectives. Totowa,
NJ: Humana Press; 1981:193‐199.

116. Blyth E, Frith L, Crawshaw M. Ethical objections to sex selection for

non‐medical reasons. Reprod Biomed Online. 2008;16:41‐45.

117. Hendl T. Queering the odds: the case against “family balancing”. Int J
Fem Approaches Bioeth. 2017;10(2):4‐30.

118. Wilkinson S. Sexism, sex selection and ‘family balancing’.Med Law Rev.
2008;16(3):369‐389.

119. Seavilleklein V, Sherwin S. The myth of the gendered chromosome:
sex selection and the social interest. Camb Q Healthc Ethics.

2007;16(1):7‐19.

120. Wilkinson S, Garrard E. Sex selection. Eugenics and the Ethics of Selec-

tive Reproduction. Keele: Keele University; 2013.

121. Chapman AR, Benn PA. Noninvasive prenatal testing for early sex
identification: a few benefits and many concerns. Perspect Biol Med.

2013;56(4):530‐547.

122. Shahvisi A. Engendering harm: a critique of sex selection for “family

balancing”. J Bioeth Inq. 2018;15(1):123‐137.

123. Browne TK. Why parents should not be told the sex of their fetus. J
Med Ethics. 2017;43(1):5‐10.

How to cite this article: Bowman‐Smart H, Savulescu J,

Gyngell C, Mand C, Delatycki MB. Sex selection and non‐inva-

sive prenatal testing: A review of current practices, evidence,

and ethical issues. Prenatal Diagnosis. 2019;1‐10. https://doi.

org/10.1002/pd.5555

10 BOWMAN‐SMART ET AL.

and ethical issues. Prenatal Diagnosis. 2020;40:398–407. https://

doi.org/10.1002/pd.5555

BOWMAN‐SMART ET AL. 407


