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Abstract

Background: Pregnancy tests can be used for the early diagnosis of fetal problems and can prevent abnormal
birth in pregnancies. Yet, testing preferences among Chinese women are poorly investigated.

Methods: We developed a Discrete Choice Experiment with 5 attributes: test procedure, detection rate, miscarriage
rate, time to wait for result, and test cost. By studying the choices that the women make in the hypothetical
scenarios and comparing the attributes and levels, we can analyze the women’s preference of prenatal testing in
China.

Results: Ninety-two women completed the study. Respondents considered the test procedure as the most
important attribute, followed by detection rate, miscarriage rate, wait time for result, and test cost, respectively. The
estimated preference weight for the non-invasive procedure was 0.928 (P < 0.0001). All other attributes being equal,
the odds of choosing a non-invasive testing procedure over an invasive one was 2.53 (95% confidence interval,
2.42–2.64; P < 0.001). Participants were willing to pay up to RMB$28,810 (approximately US$4610) for a non-invasive
test, RMB$6061(US$970) to reduce the miscarriage rate by 1% and up to RMB$3356 (US$537) to increase the
detection rate by 1%. Compared to other DCE (Discrete Choice Experiment) studies regarding Down’s syndrome
screening, women in our study place relatively less emphasis on test safety.

Conclusions: The present study has shown that Chinese women place more emphasis on detection rate than test
safety. Chinese women place great preference on noninvasive prenatal testing, which indicate a popular need of
incorporating noninvasive prenatal testing into the health insurance coverage in China. This study provided
valuable evidence for the decision makers in the Chinese government.
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Background
Prenatal testing can be used for early detection of fetal
abnormalities such as Down syndrome. In China, when
a diagnosis of fetal Down syndrome is made, the parents
can opt for continuation or termination of pregnancy.
Indeed, there’re some areas where termination of preg-
nancy complicated with Down syndrome is not allowed,
the option maybe different, hence the doctor’s consider-
ation is even more important [1]. Several types of pre-
natal tests are currently used for this purpose that varies
regarding diagnostic performance, invasiveness, and cost.
Chorionic villus sampling that involves obtaining a sam-
ple from the placenta and amniocentesis test that re-
quires sampling of amniotic fluid by using a hollow
needle inserted into the uterus are examples of invasive
testing that often provides an accurate diagnosis of po-
tential developmental abnormalities in a fetus. Non-
invasive prenatal testing (NIPT) that usually rely on a
simple blood test from the mother are generally safe and
less costly than invasive prenatal testing but are associ-
ated with higher false negative rates. The research found
that the costs are similar as current Down’s screening at
the cost of £500 per NIPT in the United Kingdom and,
compared with the first trimester combined screening
(measurement of serum markers PAPP-A and β-hCG as
well as first-trimester ultrasound) and integrated screen-
ing (first trimester combined screening and Quad
screening of serum markers (AFP, estriol, hCG, Inhibin
A)), NIPT have a better Trisomy 21 detection and re-
duce euploid fetal loss with a lower total healthcare cost
in the United States [2, 3]. Women at high risk of having
babies with genetic abnormalities, usually are offered in-
vasive prenatal diagnosis, to ensure higher detection
rates. However, in approximately 1–2% of cases, invasive
prenatal testing might result in miscarriage, even when
the baby is healthy [4, 5]. Recently, non-invasive test,
which is based on the technology to investigate the Cell-
free DNA inside a maternal blood sample, has become
one of the major alternatives of invasive tests and is also
available in China, and the accuracy of NIPT was re-
ported with a > 99% for trisomy 21 in both sensitivity
and specificity [6–8]. However, in the past decade, it is
not included in the universal coverage, patient have to
pay for themselves, and the services are mainly provided
by the private laboratories.
NIPT has been introduced for a self-payment option

in a national health screening programme for pregnancy
in some jurisdictions in China [9]. However, there is still
a debate about the optimal choices, considering the
trade-offs that need to be made among different attri-
butes of various prenatal tests, including detection rate,
the risk of miscarriage, invasiveness, and cost [10, 11].
Understanding women’s preferences for different attri-
butes of prenatal tests can help physicians to enhance

the process for shared decision making for the choice of
best diagnostic strategy in high-risk pregnancies.
Recently, DCE has been widely used in health-care re-

search to understand the patients’ preferences for medi-
cations and health services [12]. Lean Beulen, et al.
applied DCE to estimate the preference of women and
healthcare professionals for prenatal testing in
Netherlands [13]. But to our knowledge, no investiga-
tions has been performed about women’s preferences for
prenatal testing in China.

Objectives
To investigate the relative importance of attributes of
prenatal testing among Chinese women.

Methods
Study population
The study was conducted at a university hospital in
South China (The First Affiliated Hospital of Sun Yat-
sen University, Guangzhou, China). We recruited our
sample from women with relatively high-risk pregnancy
who visited the outpatient clinic for prenatal consult-
ation between 18 January 2018 and 2 April 2018. Inclu-
sion criteria: 1. At least 18-years-old; 2. Attending the
first visit for prenatal diagnostic consultation; 3. Gesta-
tional period no more than 20 weeks; 4. Ability to com-
ply with the protocol procedures. Exclusion criteria: 1.
Women with obstetrics related medical history; 2. Those
who has gestational period more than 20 weeks. Because
they had previously received a prenatal diagnostic con-
sultation and are not representative for the overall
women in China.

Discrete choice experiment
The DCE methodology is grounded in multi-attribute
utility theory in economics. The technique is based on
the assumption that any commodity (e.g., prenatal diag-
nosis test) can be characterized by several key attributes
and their levels (e.g., test procedure, detection rate, test
cost). Therefore, individuals choose among their options
(e.g., different prenatal testing) by comparing those attri-
butes and levels in hypothetical scenarios.

Attribute and attribute levels
Possible attributes were identified from a panel of expe-
rienced directors of gynaecology and obstetrics depart-
ment in the First Affiliated Hospital of Sun Yat-sen
University. And the five attributes are finally selected as
test procedure, time to wait for results, detection rate,
miscarriage and test cost with their different levels.
(Table 1).
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Study Design & Questionnaire
The study design and analysis followed current guidelines
for conducting DCEs in a healthcare setting [14–17]. This
study was a cross-sectional survey that involved comple-
tion of a questionnaire. The online questionnaire consist-
ing of an easy-to-understand explanation of the
experiment and 13 questions, which comprised of 1
demographic question and 12 choices question. The
choice question has 3 options: Diagnostic test A, Diagnos-
tic test B, and No test option, but with 3% assumed nat-
ural miscarriage rate. Table 2 shows a sample of choice
question. The next 11 choice questions followed a similar
format, but test profiles varied as we changed the attribute
levels in each question each time and asked participants to
make their choices based on the new test profiles. Using
this approach, we can understand the impact of test attri-
butes on choices that are made.

The test profiles presented in choice questions were cre-
ated by generating permutations of attribute levels. There
are total 360 combinations we could generate based on the
level of each attribute. We then created a fractional factorial
design using Sawtooth that met balance and orthogonality
properties [16]. Balance (i.e., each attribute level appears
equally often within an attribute) and orthogonality (i.e.,
each pair of levels appears equally often across all pairs of
attributes) ensures minimizing the bias and improves the
precision of estimated preferences. We generated 100 ver-
sions of the questionnaire and assigned each respondent to
a version in a random manner to facilitate achieving bal-
ance and orthogonality. Three of 12 choice questions pre-
sented fixed scenarios that did not vary across. This include
three fixed (question 1, 6 and 12) and nine random choice
questions. This is a web-based questionnaire and facilitated
direct data entry into our secure server [18, 19]. This ques-
tionnaire was performed using the Choice Based Conjoint
application of Sawtooth Lighthouse Studio (SSI Web ver-
sion 9.4.0; Sawtooth Software Inc.;) [20].

Statistical analysis
A conditional logistic regression model was used to
analyze the DCE data [21], where the choices were used as
dependent variable and attribute level of tests as covari-
ates. The levels for the 5 attributes were effects coded.
The conditional logistic model provided statistical infer-
ences about respondents’ preference weights for each of
the attributes and levels included in the questionnaire.
The coefficients sign (positive or negative) indicates the
direction of the women’ preference for a given attribute
level. To understand the trade-offs that the participants
were willing to make between attributes, we calculated the
marginal rate of substitution between cost and each attri-
bute and attributed importance. The attribute importance
(ranking information) was incorporated into the Mixed
Logit. We explored the incorporated the ranked informa-
tion by estimating the covariate explaining marginal util-
ities and a contraction of the marginal utility towards zero
where the degree of contraction. Sawtooth Lighthouse
Studio (SSI Web version 9.4.0; Sawtooth Software Inc.;
)was used to perform statistical analysis.

Table 1 Attributes and Levels

Attributes Levels of attributes (regression coding)

Test procedure L1 Invasive: requires collecting samples from
amniotic fluid or placenta.

L2 Non-invasive: only requires a sample of
mother’s blood.

Time to wait for
results

L1 1 week

L2 2 weeks

L3 3 weeks

Detection rate L1 94%

L2 96%

L3 98%

L4 100%

Miscarriage L1 3%

L2 4%

L3 5%

Test cost L1 RMB$0

L2 RMB$2000

L3 RMB$4000

L4 RMB$6000

L5 RMB$8000

Table 2 A Sample Discrete Choice Experiment Choice Question

Attributes Test A Test B Neither

Test procedure Invasive: requires collecting
samples from amniotic fluid
or placenta

Non-invasive: only requires
sample of mother’s blood

No test

Time to wait for results 3 weeks 1 weeks

Detection rate 94% 100%

Miscarriage 5% 3% Natural miscarriage 3%

Test cost RMB$2000 RMB$4000 No cost

Question
In Prenatal test A, B, or neither your only options, which one would you choose?
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Results
In total 92 out of 136 women enrolled. Nineteen women
(11.6%) declined to participate in the study and 25
(18.4%) did not complete all choice questions and were
both excluded for analysis. The demographic informa-
tion of the participants is summarized in Table 3.
Among the 92 respondents, 65 (70.7%) chose the

NIPT choice for question 1 (choosing between non-
invasive, invasive, and neither). The details of these op-
tions are: (1) Non-invasive, only requires a sample of the
mother’s blood, 2-week time to wait for result, 98% de-
tection rate, 3% miscarriage rate, and RMB$4000; (2) In-
vasive, requires collecting samples from amniotic fluid
or placenta, 3-week time to wait for result, 100% detec-
tion rate, 5% miscarriage rate, and RMB$6000; and (3)
No test, no cost, and 3% natural risk of miscarriage (as-
sumed). These three choices represented the current
practice, and 14 (15.2%) of the participants selected No
test (Table 4). Six respondents (6.5%) chose the ‘No test’
option for all 12 questions, regardless of the attribute
levels of the presented tests. Among the remaining re-
spondents, 23 (25%) failed to choose the dominant treat-
ment option in at least one fixed choice question (fixed
choice questions 2 and 3).

Importance of attributes
Overall, the respondents in our experiment considered
the test procedure as the most important attribute,
followed by detection rate, miscarriage rate, and test
cost, respectively. Wait time for the results was consid-
ered the least important aspect of the test (Fig. 1).

Conditional logit model
The results of the conditional logit model are concluded.
(detailed in Additional file 1). P < 0.05 is considered to
be statistically significant. Figure 2 provides a visual
presentation of the estimated preference weights in our
study (n = 92). The estimated preference weight for the
non-invasive procedure was 0.928 (P < 0.0001). All other
attributes being equal, the odds of choosing a non-
invasive test procedure over an invasive one was 2.53
(95%CI 2.42–2.64). The patients also had a positive pref-
erence weight for higher levels of detection. While using

a 94% detection rate as a reference group, the odds of
choosing 96% was 1.085 (95%CI 0.995–1.182), 98% was
1.453 (95%CI 1.336–1.580), and 100% was 1.913 (95%CI
1.758–2.082). The negative preference weights increase
for a 1-week waiting time. The odds for choosing 2-
week and 3-week wait times were 0.992 (95%CI 0.929–
1.061) and 0.972 (95%CI 0.909–1.039) respectively. Pa-
tients had a large negative preference related to miscar-
riage complication increasing. The odds of opting for an
additional 1% risk of miscarriage was 0.825 (95%CI
0.772–0.881) and for an additional 2% risk was 0.677
(95%CI 0.633–0.724). There is negative preference re-
lated to a cost increase. The odds of choosing
RMB$2000 was 0.888 (95%CI 0.803–0.982), RMB$4000
was 0.794 (95%CI 0.717–0.878), RMB$6000 was 0.779
(95%CI 0.704–0.861), and RMB$8000 was 0.773 (95%CI
0.699–0.854).
The coefficients signs of the test procedure and detec-

tion rate suggest that women prefer a non-invasive test
with higher detection rate. The negative coefficient for
time to wait for results > 2 weeks, the risk of miscarriage
> 4%, and test cost > RMB $2000 indicate a preference for
an earlier test, lower miscarriage rate, and lower test cost.

Willingness to pay
Participants had a strong preference for a non-invasive
test and were willing to pay up to RMB$28,810
(US$4610) for a non-invasive test. Also, women were
willing to pay RMB$6061(US$970) to reduce the 1%
extra miscarriage rate and up to RMB$3356(US$537) to
increase 1% of the detection rate of the test. Women
were less sensitive to the wait time for the result, and
they were willing to pay RMB$443 (US$71) for a 1-week
reduction in time to wait for results. (Table 5).

Discussion
Principal findings
Using a DCE, we found that participants have significant
preference for non-invasive testing and high detection
rate of the tests. However, compared to other attributes,
participants are not sensitive to the wait time for receiv-
ing the results. Also, participants are willing to accept
lower detection rate if this would imply a lower fre-
quency of miscarriage.

Table 3 Demographics and Characteristics of Patients in this
Study

Variable N = 92

Age, mean (SD) years 31.90 (5.20)

Gestational week, mean (SD) weeks 14.00 (5.50)

Abnormality of a fetus of previous pregnancy (%) 31 (33.70)

Family history (%) 4 (4.35)

Abnormality of fetus history of friends or relatives (%) 13 (14.13)

SD Standard deviation

Table 4 Response of fixed questions (n = 92)

Response Fixed Question 1 Fixed Question 2 Fixed Question 3

Current clinical
practice(%)

Test B
Dominant(%)

Test A
Dominant(%)

Test A 65 (70.65) 8 (8.70) 73 (79.35)

Test B 13 (14.13) 73 (79.35) 8 (8.70)

No test 14 (15.22) 11 (11.96) 11 (11.96)
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Results
Although the risk of miscarriage was not the most import-
ant concern among our participants, it had a significant im-
pact on making choices. When compared to DCE study in
Netherland regarding Down’s syndrome screening, women
in both studies place preference on higher test safety, but
women in our study place relatively less emphasis on test
safety (i.e., miscarriage rate) [13]. This finding also differs
from research from the United States in which women
thought the most important feature of NIPT would be the
safety of the fetus [22]. One possibility to account for these
differences is that women in our cohort have a relatively
higher history of abnormality of the fetus in a previous
pregnancy. Our participants are also more concerned about
the accuracy of the test than the miscarriage complication,
meaning that for our participants, having a baby without
genetic disease was more important than a procedure com-
plication such as miscarriage. These findings might have

resulted from the long-term eugenic and postnatal educa-
tion that start from 1980s in China [23]. Our results show
that the invasiveness of test procedure was the most influ-
ential attribute for women when they chose prenatal tests,
which may attribute to the surgery pain that most partici-
pants concerned during the questionnaire collecting period.
This is similar to previous study, which considered that
women identified the noninvasive method of NIPT as an
advantage over diagnostic tests (invasive prenatal tests)
[24]. Apart from DCE, previous studies that investigated
the factors affecting maternal decision on prenatal testing
also reported that three dimensions predicted the intension
to undergo prenatal genetic testing: the need for more sci-
entific information, a positive attitude towards genetic test-
ing, and the inclination to terminate pregnancy after
receiving a positive test result, and women identified accur-
acy, early timing, testing ease, and determination of fetal
sex as advantages of NIPT over other screens [24, 25].

Fig. 1 Importance of attributes

Fig. 2 The visual presentation of estimated preference weights in the full sample
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Clinical implications
Apart from the women preference we found in the
study, we suggest that physicians’ training and commu-
nication skills on consultation are likely to be vital for
the successful introduction of NIPT as the physicians
could provide precise information based on the women
preference. Because the women are most concerned
about the test procedure and safety (extra miscarriage
rate), more detailed information of the tests should be
provided to the woman about the available testing op-
tions and relative advantages and disadvantages of the
tests.

Research implications
Preferences of women living in rural areas could be dif-
ferent and need to be explored in the future studies
using larger and more representative samples. Qualita-
tive approaches that provide an in-depth understanding
of the women’s thought process and preferences regard-
ing NIPT could complement and enhance our results
using quantitative DCE approach. A further comparison
study of different population groups’ preferences on pre-
natal testing that help in understanding the psychosocial
and cultural reasons under those differences is need.

Strengths and limitations
Our research is the first DCE study to explore the
women’s preference for prenatal testing in China so far.
There are some DCE studies published and examined
preferences for screening and diagnostic tests, looking at
attributes such as miscarriage risk [26–30]. Our study
offers a systematic method to incorporate woman’ opin-
ions in a choice of prenatal testing, which we believe can
become a useful tool in patient-centered outcome re-
search. Our estimated preference weights were robust
with acceptable confidence intervals. We hope to inte-
grate these results in the harm-benefit analysis of pre-
natal testing for high-risk patients. We believe that the
results of this study can inform decisions about safety
evaluation of current and new prenatal testing. We also
believe that these results can help improve the quality of
conversations about prenatal testing between physicians
and women with a high-risk pregnancy.

An important advantage of using DCE is that it allows
quantifying individuals’ preferences for multiple attri-
butes, as well as the trade-offs that they are willing to
make among those attributes. In this study, we collected
useful information by recruiting participants from a
major hospital of Guangzhou city.
Several issues, however, may limit the generalizability

of our findings. Most pregnant women who took part in
this study were living in the city, and our sample is not
representative of the whole population of women in a
similar situation in China. Our study had a small sample
size. Considering we had 6 patients who chose no test
for all the 12 choice questions, patients need greater
guidance in their decision making. Conducting further
subgroup analysis could be challenging under the given
sample size. For the McFadden’s conditional logit, also
known as multinomial logit [10, 29–31], we used in this
paper; the strength includes this focuses on average pref-
erence, a parsimonious estimator with a unique solution,
requires relatively small sample size. However, the limi-
tations of this methodology are the assumption of
homogeneity in preference. A further study on latent
class analysis is needed to understand the different class
preference. Our study didn’t compare the preference for
prenatal testing between women and other population
groups, such as the patient’s families, health profes-
sionals, etc. Only five attributes were considered for
characterizing prenatal testing. However, in the real-life
situation, other factors may also affect choices about
prenatal tests, such as limitation of the test (such as the
first moment that the prenatal testing can be per-
formed.), false positives rate, demographic factors (social
and education background) and physician consultation.

Conclusions
Guidelines for the implementation of NIPT need to con-
sider women’s preference to ensure patients’ need and
proprieties are met as much as possible. The implemen-
tation of NIPT for routine antenatal care in China will
depend on multiple factors, such as test procedure, ac-
curacy, miscarriage risks, and costs.
Women’s strong preference for non-invasive tests

demonstrates that consideration for the safety of fetus
and the access to the test. Apart from this, women also
strongly concern the surgery pain (test procedure) when
making decisions regarding prenatal testing. This indi-
cates the need of an effective pretest counseling and to
ensure women’s better understanding of the testing
process. This could lead to better-informed decisions
that accommodate patient preference and values as well.
Future studies conducted in larger and more representa-
tive samples are needed to enforce our current findings
and to facilitate measuring potential preference hetero-
geneity among women.

Table 5 Willingness to pay

Attribute Willingness to pay

RMB ($) USD ($)

Test procedure (non-invasive) 28,810 4610

Time to wait for results (per 1-week reduction) 443 71

Detection rate (per 1% increase) 3356 537

Miscarriage (per 1% reduction) 6061 970

Test cost Reference

$1 RMB = $0.16 USD
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