Open access Original research

Non-invasive prenatal testing in
mitigating concerns from invasive
prenatal diagnostic testing: retrospective
assessment of utility in an academic
healthcare system in the US

BM)J Open

To cite: Kim K, Craft LK.
Non-invasive prenatal testing

in mitigating concerns from
invasive prenatal diagnostic
testing: retrospective
assessment of utility in

an academic healthcare

system in the US. BMJ Open
2022;12:¢057658. doi:10.1136/
bmjopen-2021-057658

» Prepublication history for
this paper is available online.
To view these files, please visit
the journal online (http://dx.doi.
org/10.1136/bmjopen-2021-
057658).

Received 22 September 2021
Accepted 05 June 2022

I '.) Check for updates

© Author(s) (or their
employer(s)) 2022. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published by
BMJ.

'Department of Pharmacy
Systems, Outcomes and Policy,
University of lllinois at Chicago,
Chicago, lllinois, USA
Department of
Pharmacotherapy, The University
of Utah, Salt Lake City, Utah,
USA

SUniversity of Utah, Salt Lake
City, Utah, USA

Correspondence to
Dr Kibum Kim;
kkim204@uic.edu

Kibum Kim @ ,'?2 Linda Kaitlyn Craft®

ABSTRACT

Objective Non-invasive prenatal testing (NIPT) is a
front-line screening for fatal chromosomal aneuploidy.

In pregnant women with a risk of having fetal congenital
disorders, NIPT is anticipated to reduce the needs of
invasive prenatal diagnostic test (IPD). The objective of
this study was to understand the acceptance of NIPT and
the utility of NIPT to mitigate concerns about IPD in the US
high-risk pregnancy management.

Design and setting This was a retrospective
observational research using healthcare records obtained
from an academic healthcare system in the US. The study
consisted of site-level longitudinal analysis and patient-
level cross-sectional analysis.

Participant A total of 5660 new high-risk pregnancies
with age >35 years were identified for the longitudinal
trend analysis. Cross-sectional utility assessment included
2057 pregnant women.

Exposure and outcome measures Longitudinal trends
of NIPT order, IPD procedure and the number of patients
diagnosed with high-risk pregnancy were descriptively
summarised. In the cross-sectional assessment, we tested
the association between the use of NIPT and IPD using
multivariable regression.

Results The rate of increase in the NIPT use exceeded
the changes in the number of high-risk pregnancies with
age >35 years, while the number of annual IPD procedures
has fluctuated without specific trends. There was no
significant association between the numbers of NIPT and
IPD with the adjusted ORs between 0.90 and 1.14 (p>0.1).
The order of NIPT was not selected as an independent
variable predicting the use of IPD. Clinical characteristics
indicating low socioeconomic status and limited healthcare
coverage are associated with less use of NIPT and lower
clinical utility.

Conclusion Although prenatal care accepted NIPT over
the last decade, the utility of NIPT in mitigating concerns
on IPD is unclear and needs further investigation. Limited
clinical utility should be addressed in the context of
disparity in prenatal care.

INTRODUCTION
Fetal chromosomal anomalies (FCA) has a
significant influence on the personal and

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study includes both healthcare system level
and patient-level assessments on the utility of non-
invasive prenatal testing (NIPT) in the US healthcare
setting.

= Summary statistics segmented by calendar year
specifically demonstrated the acceptance of NIPT in
a US academic medical centre driven by the expan-
sion of insurance coverage.

= Factors other than the clinical motivations are de-
scriptively and inferentially tested in the assessment
of NIPT utility and access.

= Although this study provides viable insight into the
use and utility of the advanced prenatal care strat-
egy, general limitations of single-site observational
research warrant a multisite health outcomes study.

familier life trajectory, both emotionally and
financially."® People living with congenital
disability and their caregivers suffer from
impaired quality of life." * Despite major
improvements in medical management
and social support, long-term morbidities,
particularly neurodevelopmental and mental
health issues, remain a cause for concern.”
In the era of patient-centric medical care, the
early detection of FCA enhances reproduc-
tive autonomy and helps expectant parents
to contemplate before making an irrevocable
conclusion.'" '?

There have been advances in prenatal care
that enable expectant parents to learn of
congenital disorders, allowing them to have
the power to control pregnancy and child-
bearing earlier and make informed medical
decisions. Maternal serum screening (MSS)
was a minimally invasive traditional approach
to determine the risk of fetal congenital disor-
ders.'> P However, the risk of FCA based on
MSS does not well predict the actual chromo-
somal anomalies, as it has a positive predictive
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value inferior to the predictive accuracy of a combination
of other non-invasive measures, including maternal age,
fetal nuchal translucency and fetal heart rate.'*” A better
prediction of congenital disorders has been achieved via
diagnostic invasive prenatal testing (IPD), which includes
amniocentesis, chorionic villus sampling (CVS) and fetal
blood sampling. Although providing patients with clini-
cally valid data with a 99% positive prediction of certain
FCAs, IPD is associated with a minor but sizeable increase
in the rate of miscarriage and infection.” Complications
after IPD has been a concern to both providers and
expectant mothers.”

Non-invasive prenatal testing (NIPT), or cell-free DNA
(cfDNA) testing, is a screening to help identify potential
genetic concerns.'* NIPT relies on the presence of free-
floating cfDNAs which arise when cells die and release
the DNA into the bloodstream from the placenta. If the
percentage of cfDNA fragments for a particular chromo-
some is higher than expected, it indicates that the fetus
has an increased likelihood of having a disorder associ-
ated with that chromosome, and is generally followed by
further testing. NIPT has been shown to have a sensitivity
and specificity above 99% for detecting trisomy 21, as well
as a 98% positive predictive value for fetal trisomy 18, and
a 99% positive predictive value for fetal trisomy 13 with a
combined false-positive rate of 0.13%.” '*

NIPT showed promise in reducing unnecessary invasive
medical procedures but is associated with a high upfront
cost to healthcare plans in the US healthcare setting.*
When it is covered, NIPT can cost payers upwards of
US$3000 and patients with insurance are left with an
out-of-pocket cost.’ In addition, many state Medicaid
plans and some health plans are not on board to pay for
NIPT.* ® While NIPT has upfront costs, implementation
of this procedure has the potential to reduce unneces-
sary medical costs and potential maternal or fetal harm.
A previous model-based study demonstrated that NIPT
can reduce the number of unnecessary invasive tests by
94.8% and decrease IPD-related miscarriages by 90%."
Out of 1000000 simulated scenarios, replacing MSS with
NIPT would result in an increase in 893 detections of FCA
and would be followed by a cost savings of approximately
US$170 million.®

A screening test has clinical utility, beyond analytical
validity and clinical validity, in a practice when it poten-
tially influences and improves clinical decisions.'*' Thus,
potential cost savings to payers would be achieved when
analytically valid test s translated into a clinical utility: NIPT
significantly influences clinical decision and outcomes as
hypothesised. Nevertheless, NIPT results may be a small
addition to a previous standard of care, rather than become
the most critical component, to determine the needs of
further actions. Clinical practice can still be directed by
ultrasound assessment, patient preference, and provider’s
previous training, which may not result in the cost-effective
use of the NIPT as simulated. A study performed in early
2010s showed a decline in the number of amniocen-
teses coincided with the use of NIPT.?* Similarly, a recent

time-series assessment on the use of invasive diagnostic test
in Austrailian healthcare system demonstrated that the
decrease in IPD since 2000 continued after NIPT started
being covered by the public sector since 2013.* Neverthe-
less, the lack of assessment on the patientlevel association
on the NIPT and IPD left the downstream effect of NIPT
from the clinical utility standpoint unanswered.

The objectives of this study were to assess the acceptance
of NIPT in clinical practice setting, to evaluate the role of
NIPT in alleviating the need for IPD, and to explore the
patient-level characteristics that lead to the order of NIPT
and IPD. We hypothesised that there would be a negative
association between the order of NIPT and the frequency
of IPD performed, which is a strong signal of the clinical
utility of NIPT in high-risk pregnancy management.

METHODS

Study design and setting

This is a retrospective observational research consisting
of two sections: (1) a healthcare system-level longitudinal
change analysis and (2) patient-level cross-sectional anal-
ysis using data from the University of Utah enterprise data
warehouse from which comprehensive clinical records
and healthcare resource utilization at the University of
Utah Health are available.

Patient and public involvement
Patients were not involved in this study.

NIPT acceptance

We compared the number of NIPT to the total number
of high-risk pregnancies with age >35 years (advanced
maternal age) and the number of IPD performed at a site
level to visualise the acceptance of NIPT into the health-
care setting. We looked at the longitudinal variation to
see if the numbers of NIPT and IPD over time align with
or exceeds the changes in the number of new high-risk
pregnancies with advanced maternal age. Analytic cohort
included pregnant women with one or more records of
high-risk pregnancy (ICD-10-CM O09.x or ICD-9-CM
V23.x) between January 2012 and December 2018.**%
Eligible subjects were 35 years old or older at the first date
of the high-risk pregnancy diagnosis. The NIPTs ordered
during the study period within the healthcare network
were identified using terminology available from insti-
tutional treatment records including “NON-INVASIVE
PRENATAL”, “NIPT FETAL ANEUPLOIDY”, “NIPT
FETAL MICRODELETION”, “CELL-FREE DNA” as well
as available brand names of NIPT tests. To be labled as
the IPD of interest, the procedure happened within the
healthcare system was defined using texts “chorionic
villus” and “amniocenteses” from pathology, laboratory
and procedure records. Descriptive statistics include the
number of patients ordering NIPT, receiving IPD proce-
dures, and seeing providers for a new high-risk pregnancy.

Patient-level analysis

Study cohort identification

The analytic cohort for the patientlevel analysis was a
subset of patients from the longitudinal cohort: subjects
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with a diagnosis of high-risk pregnancy (ICD-10-CM
009.x) at any point between October 2015 and December
2018 with the patient aged 35 years or older.* NIPT
can generally be considered once the gestational age is
past 9 weeks, which can be followed by additional CVS
before the gestational weeks 11 and 14 of pregnancy.'*
Amniocentesis is usually performed between 15 and 18
weeks of gestational age although more amniocentesis
procedures are now being performed at 11-14 weeks’
gestation.”" The first prenatal visit for a new pregnancy
usually happens around the gestational age of 8 weeks.”
All things considered, eligible subjects had a record of
prenatal care from the first-trimester (ICD-10-CM O09.
x1, 009.5x1, 009.6x1, 009.8x1) and must be followed
by the University of Utah Health for longer than 90-day
period from that first-trimester visit, which allowed for
a sufficient window to cover both NIPT and IPD. The
accuracy of NIPT results is debatable in patients having
more than one fetus. Thus, any expectant mothers with
one or more records of multiple gestation (ICD-10-CM
030.x) were excluded from this study.** All the selected
subjects were 35 years old or older at the first encounter
with the first-trimester prenatal care visit. Clinical char-
acteristics, demographic characteristics and records of
NIPT and IPD were collected over the 90-day follow-up
period. Patient characteristics were identified from the
review of diagnosis codes, enrolment information and
demographic tables. Patient characteristics as under-
lying conditions for the high-risk pregnancy included
maternal age (ICD-9 659.63, ICD-10 009.51x, O09.52x),
insufficient prenatal care (ICD-9 V23.7, ICD-10 009.3),
genitourinary tract infection during pregnancy (ICD-9
646.0x, ICD-10 O23.x), grand multiparity (ICD-9 659.4,
ICD-10 009.40), type 1 or type 2 diabetes (ICD-9 250,
ICD-10 024.01, O24.11), history of hypothyroidism
(ICD-9 243, ICD-10 E00,E01,E02), hypertension (ICD-9
642.3x, 642.9x, ICD-10 O13.9), social problems (ICD-10
009.3, 009.70, 009.71, 009.72, 009.73), drug/alcohol
use during pregnancy (ICD-9 649, ICD-10 099.33), type
of health plan and obesity (ICD-10 099.21).**

Exposure and outcomes

The exposure for the patient-level analysis is the order
of NIPT. We used the same text-search algorithm used
for the site-level NIPT acceptance to determine the NIPT
order. The date of NIPT order was matched with the date
of medical encounter for pregnancy to confirm the order
was not misplaced and was part of prenatal care. The
outcome of this study is the administration of IPD, either
CVS or Amniocentesis. The procedure performed within
the institutional healthcare network was defined using
texts “chorionic villus” and “amniocentesis, laboratory
and procedure records.” We also used applicable Current
Procedural Terminology codes including 59000, 59105,
76945 and 76946 to confirm that the IPD was performed.
To be classified as an exposure or outcome, the procedure
or order record had to fall within the 90-day follow-up
period.

Statistical analysis

For the site-level analysis, the number of patients
receiving NIPT order, the number of IPD performed,
and the number of new high-risk pregnancies within the
healthcare system for each calendar year were longitudi-
nally described. The number of patients with NIPT, IPD
and high-risk pregnancy with advanced maternal age was
presented by the calendar year.

Maternal age at the first prenatal visit with a diagnosis
of first trimester check-up record was summarised using
mean and SD and compared between the NIPT and
no-NIPT groups using Student t-test. Categorical variables
including type of health plan, grouped age (35-39, 40-44
and 45+), and specific risk factors including insufficient
prenatal care, social problems, genitourinary infection,
gestational diabetes, grand multiparity, hypothyroidism,
substance/alcohol abuse, overweight/obese and hyper-
tension in pregnant women were compared between
the NIPT and no-NIPT groups and were summarised
using frequency and percentage. Type of health plan was
regrouped into two, commercial insurance versus all the
others to address the small number of patients in each
non-commercially insured or uninsured subgroups. Age
was also categorised into two groups, 35-39 versus 40
or older. To address the influence of the clinical factors
on the decision to perform IPD, patient characteristics
at the date of the first prenatal visit were also compared
between IPD and no-IPD groups. Using % test, or Fisher’s
exact test for the small patient counts (<5 count), categor-
ical variables as a clinical characteristic were compared
between the NIPT and no-NIPT groups, and between IPD
and no-IPD groups.

We compared the rate of IPD between the patients who
received NIPT and those who did notreceive NIPT. Propor-
tion of patients receiving IPD during the 90-day assess-
ment period between the NIPT and no-NIPT groups were
statistically compared using x” test. The OR and 95% CI
estimate from a logistic regression model presented the
direction and precision of the association measure. In
a multivariable approach, baseline characteristics that
were marginally different (p<0.1) between the NIPT and
no-NIPT were included as regression covariates. Due to
the small number of subjects and outcomes relative to
the number of covariates that need to be adjusted for (ie,
dimensionality in a regression model), the multivariable
approach may not address all the differences in the base-
line characteristics simultaneously.”® Thus, in addition to
running an inclusive multivariable regression model, we
calculated the ORs of IPD for NIPT in a series of logistic
regression models where each regression included each
single covariate.

A further assessment tested the significance of NIPT as
a predictor out of the clinical factors using a multivariable
regression model selection process. Variable selection in
the logistic regression was performed using a stepwise
forward selection approach with significance levels for
entering and removing effects of 0.5 and 0.35. The final
model including NIPT as a predictor was supposed to
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Figure 1 Longitudinal trends in the number of high-risk
pregnancies with advanced maternal age (age >35 years),
invasive prenatal testing (IPD), and NIPT.

indicate that NIPT is a critical factor, to assist providers
in determining the need for IPD. Statistical analysis was
performed using SAS software V.9.4 (SAS Institute).

RESULTS

Site-level NIPT acceptance

A total of 5660 new high-risk pregnancies with advanced
maternal age were identified between 2012 and 2018. The
number of high-risk pregnancies with advanced maternal
age in 2018 was 977 which is 158% of the 2012 (n=616)
and 116% of the 2015 (n=841) count. The numbers of
NIPT and IPD performed within the selected pregnant
women were 436 and 126, respectively. There were no
specific trends in the number of annual IPD (figure 1).
The annual NIPT order in 2018 was 203 which was 7 times
29 cases in 2015. Overall the rate of increase in NIPT use
exceeded the change in the number of high-risk preg-
nancy with advanced maternal age (figure 1).

Patient-level analysis

The study cohort consists of 2057 pregnant women at or
older than 35 years with a diagnosis of high-risk pregnancy.
We identified a total of 551 NIPT orders for the patients
included in the study cohort. The difference in the age
distribution between the NIPT and no-NIPT group was
not statistically nor clinically significant with the respec-
tive proportions of subjects younger than 40 of 84.94%
versus 82.07. The NIPT cohort was more dominated by
commercially insured patients (99.27%) compared with
the no-NIPT cohort (79.42%). Based on the analysis of
clinical characteristics, patients who received NIPT gener-
ally carried less risk factors than the no-NIPT patients
with the respective proportions of gestational diabetes
(11.62% vs 18.86%, p<0.01), substance or alcohol abuse
(1.27% vs 6.24%, p<0.01), overweight or obese (28.31%
vs 36.06%, p<0.01) and hypertension (13.25% vs 17.80%,
p=0.01). Social problem was the only risk factor more

prevalent among the NIPT than the no-NIPT groups
(2.9% vs 1.00%, p<0.01), but the difference in the propor-
tion was nominal from the clinical standpoint. (table 1).

When the analysis grouped high-risk pregnancy into
patients who received IPD (n=56) and patients who did
not (n=2001), the proportion of patients younger than
40 years out of the IPD recipients was significantly less
than the proportion among the no-IPD (66.07% vs
83.31%, p<0.01). The difference in the mean+SDage
was marginally significant (p=0.09) between the IPD and
no-IPD groups (37.89+2.61 vs 37.35+2.37). There was a
significant difference in the proportion of commercially
insured pregnancy (94.64% vs 84.46, p=0.04, regrouped
health plan type) with the larger proportion of commer-
cially insured patients among those who received IPD.
The prevalence of clinical risk factors was generally lower
among the IPD versus no-IPD, including genitourinary
infection (7.14% vs 11.69%), gestational diabetes (10.71%
vs 17.09%) and hypertension (10.71% vs 16.74%), but the
differences were not statistically significant. The lack of
statistical significance was likely attributed to the small
number of IPD procedures (table 2).

From the tabulate analysis, the proportion of patients
who received IPD among the NIPT patients during the
90-day assessment period was 2.90% which was slightly
larger than the rate of IPD performed without NIPT
record (2.66%, table 1). The results were not statistically
nor clinically significant (p=0.76, tables 1 and 2). The
logistic regression model, without any adjustment for the
baseline characteristics, resulted in the OR (95% CI) of
1.10 (0.61 to 1.97). Patient demographics and clinical
risk factors had only a nominal impact on the adjusted
OR calculation. When the association was adjusted for all
patient characteristics with p<0.1, the OR (95% CI) was
0.90 (0.49 to 1.65). The stepwise model selection process
chose age (35-39 vs 45<), type of health plan (commer-
cial vs all non-commercial), social problem, gestational
diabetes and hypertension as independent variables in
the logistic regression model. Of the selected variables, 40
years or older (OR=2.74 (95% CI 1.54 to 4.81), p<0.01)
and commercial insurance (OR=3.19 (95% CI 0.10 to
1.04), p=0.06) showed a significant or marginally signifi-
cant association with IPD (table 3). NIPT was not consid-
ered to be an independent variable that predicts IPD use
while the selection process finalised the multivariable
regression model.

DISCUSSION

Our assessment confirms thata rapid and gradual increase
in the use of NIPT outpaced the increase in the need for a
maternity care for the high-risk pregnancy with advanced
age. Although the acceptance of NIPT was partially
explained by the longitudinal changes in the characteris-
tics of pregnancy, such as becoming older and increasing
prevalence of pre-existing conditions, it is mainly attrib-
utable to coverage expansion, particularly among the
patients enrolled in a commercial health plan.**”*" Our
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Table 1 Clinical characteristics and demographics of non-invasive prenatal testing (NIPT) versus no NIPT groups
NIPT No-NIPT
(n=551) (n=1506) P value*

Demographic information
Age, mean (SD) 37.23 (2.25) 37.41 (2.42) 0.11t
Grouped age (three groups) 0.17

35-39 468 (84.94) 1236 (82.07)

40-44 80 (14.52) 251 (16.67)

45 < 3(1.26) 19 (0.54)
Grouped age (two groups) 0.13

35-39 468 (84.94) 1236 (82.07)

40 < 83 (15.06) 270 (17.93)
Health plan <0.01

Commercial insurance 547 (99.27) 1196 (79.42)

Government 0(0) 3(0.20)

Medicaid 2(0.36) 270 (17.93)

Medicare 2 (0.36) 20 (1.33)

Other Insurance/unknown 0(0) 17 (1.13)
Health plan—two grouped <0.01

Commercial 547 (99.27) 1196 (79.42)

All non-commercial 4 (0.73) 310 (20.58)
Clinical characteristics and risk factors
Insufficient prenatal care 4 (0.73) 22 (1.46) 0.18
Social problem 16 (2.9) 15 (1.00) <0.01
Genitourinary infection 58 (10.53) 180 (11.95) 0.37
Gestational diabetes 64 (11.62) 284 (18.86) <0.01
Grand multiparity 0 0 n/a
Hypothyroidism 90 (16.33) 216 (14.34) 0.26
Substance abuse/alcohol abuse 7(1.27) 94 (6.24) <0.01
Overweight/obese 156 (28.31) 543 (36.06) <0.01
Hypertension 73 (13.25) 268 (17.80) 0.01
IPD during the 90-day follow-up 16 (2.90) 40 (2.66) 0.76

*P value from % test or Fisher’s exact test if an expected count of patient is less than five from a tabulate analysis.

1P value from Student’s t-test.

IPD, invasive prenatal diagnostic testing including amniocentesis and chorionic villus sampling.

results are comparable to the outcomes of a recent time-
series analysis comparing the orders of NIPT and number
of IPD in that there has been a significant increase in the
order of NIPT with a subtle decrease in the number of
IPD, with the adjusted incidence rate ratio of 0.97.%

To the best of our knowledge, our study includes the
first patient-level assessment to analyse the clinical utility of
NIPT in the US healthcare setting. Because IPD is followed
by the likelihood of complications, one of the expected
benefits of NIPT is to diminish the need for diagnostic IPD.
To achieve the expected cost saving or cost-effectiveness,
NIPT needs to achieve an anticipated decrease in the IPD
by 66%-93%.% Not being aligned with the anticipated clin-
ical scenario, our study did not find a strong signal of the
negative association between the order of NIPT and the
frequency of IPD. We tentatively concluded that the utility

NIPT in alleviating IPD-related concerns would be, at best,
nominal in managing high-risk pregnancy with advanced
maternal age based on the OR of 0.90 from our multivari-
able logistic regression model.

A decision assisted by multiple risk factors, imaging and
confirmatory diagnostic procedure partially explains the
reason for the subtle influence of NIPT on the following
diagnostic tests. A recent chart review showed that the
first-trimester ultrasonography still provides valuable
clinical information about fetal anatomy.”® Typically, the
first-trimester ultrasonography determines the presence
of trisomy 18 with a sensitivity of 70%, while a previous
multiple marker test detected 43% of cases.”” *® In combi-
nation with invasive diagnostic testing, the standard
screening process without NIPT already achieved 100%
sensitivity and negative predictive value.” This likely
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Table 2 Clinical characteristics and demographics of IPD versus no IPD groups

IPD No-IPD
(n=56) (n=2001) P value*

Demographic information
Age, mean (SD) 37.89 (2.61) 37.35 (2.37) 0.09t
Grouped age (three groups) <0.01

35-39 37 (66.07) 1667 (83.31)

40-44 19 (33.93) 312 (15.59)

45 < 0(0) 22 (1.10)
Grouped age (two groups) <0.01

35-39 37 (66.07) 1667 (83.31)

40 < 19 (33.93) 334 (16.69)
Health plan 0.34

Commercial insurance 53 (94.64) 1690 (84.46)

Government 0(0) 3(0.15)

Medicaid 3 (5.36) 269 (13.44)

Medicare 0(0) 22 (1.10)

Other insurance/unknown 0(0) 17 (1.0.85)
Health plan—regrouped 0.04

Commercial 53 (94.64) 1690 (84.46)

All non-commercial 3 (5.36) 311 (15.54)
Clinical characteristics and risk factors
Insufficient prenatal care 0(0) 26 (1.30) 0.39
Social problem 2 (3.57) 29 (1.45) 0.19
Genitourinary infection 4(7.14) 234 (11.69) 0.29
Gestational diabetes 6 (10.71) 342 (17.09) 0.21
Grand multiparity 0 0 n/a
Hypothyroidism 8 (14.29) 298 (14.89) 0.90
Substance abuse/alcohol abuse 3 (5.36) 98 (4.90) 0.88
Overweight/obese 21 (37.50) 678 (33.88) 0.57
Hypertension 6 (10.71) 335 (16.74) 0.23
NIPT during the 90-day follow-up 16 (28.57) 535 (26.74) 0.76

*P value from x? test or Fisher’s exact test if an expected count of patient is less than 5 from a tabulate analysis.

1P value from Student’s t-test.

IPD, invasive prenatal diagnostic testing including amniocentesis and chorionic villus sampling; NIPT, non-invasive prenatal testing.

involves clinical scenarios that providers and patients
confirm the presence or absence of a congenital malfor-
mation by standard combination screenings witnout
NIPT in many cases.”™** Thus, a substantial proportion
of prenatal care would not be altered by the use of NIPT.

Congenital malformation is a subject of environmental
and socioeconomic factors. For example, being placed in
a lower quartile of social deprivation is associated with a
30% increase in the rate of live-born congenital disease.**
Therefore, the ultimate goal of prenatal screening, to
achieve the reproductive autonomy mediated by reducing
complications and herediatary malformation with a prop-
erly informed decision, will not be accomplished until
underprivileged pregnancies have access to advanced
prenatal care strategies. However, Medicaid enrollees
still have limited prenatal care as indicated by 20% of the

US states that do not cover the cost of NIPT* ™ whereas

the majority of commercial health plans have expanded
NIPT coverage to all pregnancies.*™*" Not being enrolled
in a commercial health plan was also a negative indi-
cator for further IPD to confirm the presence of genetic
disorder. Considring the significant changes in the pranal
care strategy coincided with the beginning of a nation-
wide coverage for advanced prenatal screenings,* any
coverage gap in access to prenatal care and the potential
influence of the disparity has to be addressed to achieve
the equity in reproductive autonomy, specifically in the
US healthcare setting. Our data obtained from the real-
world assessments warrant future research in and revision
of the current policy to improve the utility of clinically
advanced strategies in prenatal care, particularly in a
disadvantaged population.
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Table 3 OR of invasive prenatal testing (IPD) for non-
invasive prenatal testing (NIPT) from logistic regression with
single and multiple covariate adjustments

OR (95% Cl)

Covariates

1.10 (0.61 to 1.97
1.14 (0.63 t0 2.05
1.09 (0.60 to 1.96
1.07 (0.59 to 1.93
Genitourinary infection 1.09 (0.60 to 1.96

No covariate adjustment ( )
( )
( )
( )
( )
Gestational diabetes 1.06 (0.59 to 1.91)
( )
( )
( )
( )
( )

Grouped age (35-39 vs 40x)
Insufficient prenatal care

Social problem

1.10 (0.61 to 1.98
1.10 (0.61 to 1.99
0.62 to 2.00
1.07 (0.60 to 1.94
0.94 (0.52 to 1.71

Hypothyroidism

Substance or alcohol abuse
Overweight or obese 1.11
Hypertension

Health plan (commercial vs all non-
commercial)

All variables with p<0.1* 0.90 (0.49 to 1.65)

*Regression model includes type of health plan (commercial vs all non-
commercial), social problem, gestational diabetes, hypothyroidism,
substance/alcohol abuse, and overweight/obese as covariates for the
NIPT-IPD association.

There are a couple of factors that may be associated
with the decision to perform IPD based on our admin-
istrative data, such as having commercial insurance and
being aged between 35 and 39 years. This may be due
to patients with commercial insurance having greater
access to healthcare, which is consistent with results from
a previous studies.” ** Insufficient prenatal care, social
problems, and substance /alcohol abuse may be associated
with less likelihood to receive NIPT and/or IPD. These
associations may be related to Medicaid and underserved
populations that do not have as great of access to health-
care resources, as well as types of providers that patient
will see.™ *°° It is important that doctors and midwives
provide adequate information on the benefits and limita-
tions associated with NIPT, specifically for the minorities
and underprivileged population.

The interpretation of our data should be considered
in light of several limitations. First, the identification of
both exposure and outcomes are limited by the proce-
dures and orders defined by the administrative records.
Although the quality of the study using the institutional
data was confirmed by multiple observational studies, the
likelihood of misclassification could not be ruled out. The
study findings need to be confirmed by a detailed medical
note review and warrant a confirmatory randomised
controlled study. Second, our research was limited to a
single healthcare system in the US healthcare setting.
Future research may include multisite observational data-
bases to establish the generalizability of study findings.
Also, the use of both NIPT and IPD in the US healthcare
setting would be significantly influenced by the patient
socioeconomic status that were not fully controlled in this
study. Any future attempts have to further investigate the

disparity in achieving informed decisions and its influence
on the overall utility of the advanced prenatal care tech-
nologies. Lastly, the size of the study cohort was associated
with wide ClIs, limiting statistical inference. Although the
point estimates confirm the no-to-nominal influence of
NIPT on IPD, a further assessment using a larger cohort
is warranted. Despite the limitations, our study provides
valuable insight into the use of NIPT.

In conclusion, our study delineates the acceptance of
NIPT in prenatal care. However, the utility of NIPT in
mitigating concerns on IPD use has not been established.
Future study needs to address inequal access to advanced
prenatal care strategies, including NIPT and IPD.
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