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OBJECTIVE: To evaluate the clinical utility and meth-
odologic validity of noninvasive prenatal testing (NIPT)
for dominant single-gene disorders by performing a sys-
tematic review and meta-analysis.

DATA SOURCES: From database inception through April
2025, we explored PubMed, EMBASE, Cochrane Library,
and Web of Science.

METHOD OF STUDY SELECTION: Studies that reported
NIPT panels to screen for dominant single-gene disor-
ders with confirmation testing and involved at least 50
cases were included. The Quality Assessment of Diag-
nostic Accuracy Studies 2 tool was used for study
appraisal. Clinical utility was evaluated by using positivity
rate and positive predictive value (PPV), with pooled es-
timates calculated through fixed- or random-effects
models. Methodologic validity was assessed through sen-
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sitivity and specificity by using a bivariate random-effects
model and summary receiver operating characteristic
curve analysis.

TABULATION, INTEGRATION AND RESULTS: Ten ar-
ticles comprising 12,577 cases were included. Positivity
rate and PPV were calculated from nine studies, with
sensitivity and specificity from seven studies. The pooled
positivity rate was 2.2% (95% ClI, 0.8-5.6%), and pooled
PPV was 93.8% (95% Cl, 86.4-97.3%). The bivariate model
yielded a pooled sensitivity of 94.5% (95% Cl, 85.7-98.0%)
and specificity of 99.7% (95% Cl, 98.8-99.9%), with an area
under the curve of 0.98 (95% CI, 0.94-0.99). Subgroup
analysis revealed positivity rates of 0.3% in low-risk pop-
ulations, 1.2% in mixed-risk populations, and 6.0% in
high-risk populations. High heterogeneity was observed
in the positivity rate analysis (?=96%). In contrast, hetero-
geneity was low (?=16%) for PPV but with publication
bias being detected (P=.004).

CONCLUSION: Noninvasive prenatal testing panels for
dominant single-gene disorders achieve a high PPV with
high sensitivity and specificity.

SYSTEMATIC REVIEW  REGISTRATION: PROSPERO,
CRD42024571768.

(Obstet Gynecol 2026;147:689-97)

DOI: 10.1097/AOG.0000000000006192

Single—gene disorders are Mendelian conditions
caused by mutations in one or both alleles of
a gene. Up to now, there are more than
7,000 single-gene disorders with a known molecular
basis, representing a significant burden on health
care.! The prevalence of each single-gene disorder is
typically less than 0.01%, but the combined preva-
lence is up to 1%, accounting for 5-10% of pediatric
hospital admissions and childhood mortality.?3 Of all
of these single-gene disorders, more than 60% are
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dominant single-gene disorders, with the majority
attributable to de novo mutations.*

Noninvasive prenatal testing (NIPT) is a method
based on the cell-free DNA (cfDNA) in the maternal
peripheral blood to identify genetic variation that oc-
curs in the fetus. Since the discovery of ¢fDNA in
1997, NIPT has undergone rapid development, par-
ticularly accelerated by the advancement of sequenc-
ing technology, which has expanded the testing scope
from chromosomal aneuploidies to copy number var-
iations and single-gene disorders of both dominant
and recessive inheritance.>8

Compared with the low risk of pregnancy loss in
traditional diagnostic invasive testing, NIPT avoids
complications associated with invasive procedures and
provides an earlier detection time, as early as the 8th
week of gestation.”10 Although the accuracy of NIPT in
detecting chromosomal and subchromosomal abnor-
malities has been demonstrated, the diagnostic perfor-
mance for single-gene disorders remains inconclusive.!!

Several factors contribute to this uncertainty, such
as limited studies with modest sample size, the diversity
of sequencing and analytic methods across regions and
teams, and varying NIPT panel spectrum. Noninvasive
prenatal testing for autosomal recessive single-gene dis-
orders requires highly sensitive methods to identify
subtle allelic imbalances in maternal blood. In contrast
to recessive disorders, which can be effectively miti-
gated through carrier screening and preimplantation
genetic testing, de novo mutations in dominant condi-
tions elude such preventive strategies. This inherent
limitation, coupled with the progressive reduction in
next-generation sequencing costs, has positioned
screening panels targeting dominant single-gene disor-
ders as an increasingly prevalent trend in prenatal
screening. Accordingly, we aim to evaluate the clinical
utility and methodologic validity of NIPT panels for
dominant single-gene disorders by conducting a system-
atic review and meta-analysis.

SOURCES

This systematic review followed the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses) guidelines and PRISMA for diagnostic test
accuracy studies.!?!3 This protocol was registered with
PROSPERO (registration number: CRD42024571768)
on July 22, 2024.

We searched PubMed, Cochrane Library, EM-
BASE, and Web of Science from inception through
April 2025 for English-language peer-reviewed ar-
ticles. Search terms included “noninvasive prenatal
diagnosis” and “monogenic condition” with related
terms. The detailed search strategy is presented in
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Appendix 1 (available online at http://links.Iww.
com/AOG/E526). Reference lists were manually
screened for additional studies.

STUDY SELECTION

Inclusion criteria for selected studies included the
following: 1) NIPT panels that used maternal cfDNA
to screen dominant monogenic conditions, 2) confir-
mation by invasive prenatal or postnatal testing, and
3) a case series with at least 50 cases. Exclusions of
studies were as follows: 1) animal studies, systematic
reviews, meta-analyses, case—control studies, and case
reports; 2) studies without complete datasets; and 3)
conference abstracts with incomplete datasets.

After removing duplicates, two reviewers
screened titles and abstracts for eligibility. Full-text
screening was then independently conducted by two
reviewers, with any discrepancies resolved through
discussion by consulting a third reviewer. For over-
lapping studies with the same cohort, only the study
with the largest sample size was retained.

Two reviewers independently extracted the fol-
lowing data: study title; authors’ names; year of pub-
lication; publication type; study design; study
population; geographic area; NIPT methodologies;
reference standards; the count of target genes; and
the overall number of single-gene disorders. To assess
clinical utility, we recorded the total number of par-
ticipants, positive cases for positivity rate, and all pos-
itive cases with follow-up that had true-positive results
for the positive predictive value (PPV). As to meth-
odologic validity, true-positive, false-negative, false-
positive, and true-negative results were extracted.

For each individual study, we evaluated clinical
utility through the assessment of positivity rate and
PPV; methodologic validity was determined via
sensitivity and specificity calculations.!* Data from
all eligible studies were combined to conduct the
meta-analysis, thereby generating pooled estimates
and 95% Cls. The 95% CI of each study for PPV
was calculated using the Wilson score method to
account for the high proportion values near 100%.

In conducting the meta-analysis, logit transforma-
tion was employed to handle extreme proportion val-
ues (approaching 0 and 1) in the data and ensure
stable model convergence. The optimization process
used a step size of 0.5 and 100 iterations to achieve
computation stability. Heterogeneity assessment used
fixed-effects models for metrics with low heterogene-
ity (I2<50%) and random-effects models for those
with high heterogeneity (I=50%). Because sensitivity
and specificity often are inversely related, we used
a bivariate random-effects model that accounts for this
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correlation between two metrics. Summary receiver
operating characteristic (SROC) curves were gener-
ated to visualize overall diagnostic accuracy across
studies.

To explore heterogeneity sources, we conducted
subgroup analysis, meta-regression, and sensitivity
analysis on metrics with high heterogeneity. Popula-
tion characteristics (low, mixed, high risk), commer-
cial platform used (Vistara vs other), platform panel
size (30 or less vs more than 30), and confirmatory
follow-up rate (high vs low) were considered as cova-
riates. Cohorts conducted in the general population or
in populations with excluded high-risk indications
were considered low-risk cohorts; those specifically
targeting populations with indications were classified
as high-risk cohorts. Cohorts that combined popula-
tions with indications and volunteers were categorized
as mixed-risk cohorts. Based on previous studies,
high-risk indications included, but were not limited
to, abnormal ultrasound findings, advanced paternal
age, family history, and adverse pregnancy history,
but excluded pregnancies in which the mother was
a known carrier of pathogenic variants for dominant
single-gene disorders.'>!6 Follow-up rate was defined
as the proportion of cases with confirmatory results by
invasive testing or postnatal examination among total
cases that underwent NIPT, which would be consid-
ered as high if the follow-up rate was at least 50% or
low if the rate was less than 50%. Sensitivity analysis
employed the leave-one-out method to identify stud-
ies that affected heterogeneity. Publication bias was
assessed using funnel plots and the Egger’s test, with
trim-and-fill adjustments to pooled results. The trim-
and-fill method is a nonparametric technique to detect
and adjust for potential publication bias in meta-
analysis by imputing missing studies suggested by fun-
nel plot asymmetry and recalculating adjusted pooled
estimates.!”

Analyses were conducted with meta, metafor, and
mada in R 4.4.1; P<.05 was considered statistically
significant.

The quality of each included study was evaluated
using the QUADAS-2 (Quality Assessment of Diag-
nostic Accuracy Studies 2) tool.!® This assessment was
conducted independently by two reviewers using Rev-
Man 5.4.1. Any disagreements were resolved through
discussion with a third reviewer. The detailed criteria
for assessment are shown in Appendix 2 (available
online at http://links.lww.com/AOG/E526).

RESULTS

A flow diagram of the study-selection process is
shown in Figure 1. The primary search identified
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a total of 2,268 articles. After eliminating duplicates,
studies not relevant to the subject of interest, and ar-
ticles meeting exclusion criteria, 10 articles were
included. Detailed characteristics of the included ar-
ticles are displayed in Appendix 3 (available online at
http://links.lww.com/AOG/E526).

A total of 10 articles that reported on nine
independent cohorts were included in this meta-
analysis.»1%19-26 All included articles provided data
on total cases, positive cases, true-positive results,
and false-positive results; only seven of the articles
provided confirmed data on true-negative and false-
negative results. Westover et al,2® although a confer-
ence abstract, was included because evaluation re-
vealed the data were complete for analysis. Adams
et al** and Zhang et al?® are from the same cohort
but cover different time periods with different re-
ported data. Adams et al?* encompassed a larger data-
set (2020-2023) but reported only positive cases (true-
positive results, false-positive results), suitable for cal-
culating positivity rate and PPV. Zhang et al*® cov-
ered an earlier subset (2016-2018) but provided
complete diagnostic data (true-positive, true-
negative, false-positive, and false-negative results),
enabling sensitivity and specificity calculations. To
avoid duplication while maximizing data utilization,
we included Adams et al?* for positivity rate and PPV
analysis and Zhang et al?® for sensitivity and specific-
ity analysis. Eventually, nine articles®!519-2426 were
included in the clinical utility analysis and seven®19-
2325 were included in the methodologic validity
analysis.

The 10 eligible articles were published between
2019 and 2025. Sample sizes ranged from 93 to 4,506
cases, with four studies each from China and the
United States and two from Vietnam. All articles
reported the pregnancy weeks at sampling, with
samples obtained from the late first to mid-second
trimester of pregnancy (Appendix 3, http://links.
lww.com/AOG/E526). However, five cohorts had
sampling performed after 18 weeks of gestation, four
of which were high-risk cohorts. As it relates to the
gestational age at sampling, the fetal fraction ranged
from 3.0-33.0%, leading several studies to report
varying no-call rates of NIPT. Although several ar-
ticles did not provide no-call data, these no-call cases
were not taken into calculation due to inconsistency.

Six articles used the commercial Vistara panel
from Natera, which targets 30 genes that correspond
to 25 conditions via capture-based next-generation
sequencing with unique molecular identifiers. The
other four articles used panels that cover 9-75 genes.
Three studies implemented COATE-seq technology,
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title and abstract review
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calculation, with true
positive and false positive
data (n=9)

* For sensitivity and
specificity calcuation, with
true positive, false
positive, true negative,
and false netative data
(n=7)

and one study employed high-depth next-generation
sequencing.

The quality assessment result was shown in
Appendix 4 (available online at http://links.Iww.
com/AOG/E526). For patient selection, one of the
10 studies was high risk and one of 10 had an unclear
risk. The former was a meeting abstract that lacked
the description of inclusion criteria and baseline
patient characteristics, and the latter had a methodo-
logic emphasis and, thus, partially lacked details such
as maternal age and more baseline characteristics. All
studies showed a low risk for the index domain and
reference domain. As to flow and timing, four of 10
studies were high risk and the remaining were low
risk. Due to ethics consideration and participants’ will-
ingness, some studies, especially screening studies,
could barely proceed with invasive confirmatory tests
for all participants. As a result, an underestimation of
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Fig. 1. PRISMA (Preferred Reporting
Items for Systematic Reviews and
Meta-Analyses) flowchart of included
articles. PPV, positive predictive value.

Liu. NIPT for Dominant Single-Gene Dis-
orders. Obstet Gynecol 2026.

false-negative results could have occurred. No appli-
cability concerns existed, as we aimed to investigate in
populations with different risk.

Clinical utility is associated with positivity rate and
PPV, which are inherently affected by the prevalence
of targeted conditions. The positivity rate after system-
atically pooling nine studies reached 2.2% (95% CI,
0.8-5.6%), showing high heterogeneity (Z=96%)
(Fig. 2). The pooled PPV was 93.8% (95% CI, 86.4-
97%) with low heterogeneity (P=16%) (Fig. 3).

Methodologic validity, demonstrated by sensitiv-
ity and specificity, is independent of the prevalence,
which associates just with the method accuracy itself.
The sensitivity and specificity of NIPT panels for
dominant single-gene disorders in seven studies were
calculated and plotted on an SROC curve (Fig. 4). In
this bivariate model, the balanced pooled sensitivity
was 94.5% (95% CI, 85.7-98.0%) and specificity was
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Events per 100

Study NIPT positive  Total observations Positivity Rate(%) 95%Cl Weight
Mohan, 2022 125 2208 - 5.7 [4.7; 6.7] 11.6%
Nguyen, 2023 1 93 —_— 11.8 [6.1;20.2] 11.1%
Westover, 2024 6 4506 0.1 [0.1; 0.3] 10.8%
Wang, 2024 6 112 —_— 5.4 [2.0; 11.3] 10.7%
Zhang, 2024 37 1003 - 3.7 [2.6; 5.1] 11.5%
Adams, 2025 14 2745 0.5 [0.3; 0.9] 11.3%
Luong, 2025 8 116 — 6.9 [3.0;13.1] 10.9%
Zhang, 2025 1 535 - 2.1 [1.0; 3.7] 11.1%
Xu, 2022 8 1129 - 0.7 [0.3; 1.4] 11.0%
Random effects model 12447 e —— 2.2 [0.8; 5.6] 100.0%
Heterogeneity: /° = 96%, t° = 2.1201, p < 0.01 f T f T I
0 5 10 15 20

Positivity Rate (%)

Fig. 2. Forest plots of individual and pooled positivity rates of noninvasive prenatal testing (NIPT) panels for detecting

dominant single-gene disorders.

Liu. NIPT for Dominant Single-Gene Disorders. Obstet Gynecol 2026.

99.7% (95% CI, 98.8-99.9%). The area under the
curve equaled 0.98 (95% CI, 0.94-0.99), indicating
that the diagnostic method has outstanding perfor-
mance and was accurate in distinguishing between
positive and negative individuals. The low heteroge-
neity (P=0%) suggests that the methodologic ap-
proaches employed across studies yielded uniformly
superior performance.

Of the four metrics performed in our meta-analysis,
positivity rate was the sole result with significant hetero-
geneity, thus warranting subgroup analysis and meta-
regression for this metric alone. Initially, this was stratified
into subgroups by population risk characteristics (Fig. 5).
This revealed a positivity rate of 0.3% (95% CI, 0.07-
1.00%) across low-risk cohorts, 1.2% (95% CI, 0.4-
3.5%) across mixed-risk cohorts, and 6.0% (95% CI,
4.0-8.7%) across high-risk cohorts. Notably, high hetero-
geneity persisted in each population risk category. The
test for subgroup difference indicated significant differen-
ces (x3 = 25.54, df=2, P<.01) between subgroups, sug-
gesting stratification of population characteristics could

Events per 100

partially explain the overall heterogeneity. Demonstrating
a similar result, meta-regression analysis revealed that
population risk was a significant moderator of the out-
come, which explained 86.6% of overall heterogeneity
(Appendix 5, available online at http://links.lww.com/
AOG/E526). However, subgroup analysis stratified by
platform, panel size and follow-up rate revealed no sig-
nificant differences between subgroups. Correspondingly,
meta-regression analysis indicates none of these three fac-
tors served as a significant moderator (Appendix 6, avail-
able online at http://links.Ilww.com/AOG/E526).

To further investigate the potential contribution
of individual studies to heterogeneity, the leave-one-
out method was conducted to perform a sensitivity
analysis (Appendix 7, available online at http://
links.lww.com/AOG/E526). For either positivity rate
or PPV, the overall estimate was not affected by exclu-
sion of any single study. The positivity rate ranged
from 1.8-3.1%, and the PPV ranged from 93.2-96.
8%, suggesting consistency of the findings. Omitting
each study sequentially had minimal effect on

Study True positive Total observations PPV(%) 95%Cl Weight
Mohan, 2022 67 67 — 100.0 [94.6; 100.0] 9.6%
Nguyen, 2023 11 11 — 100.0 [74.1;100.0] 9.3%
Westover, 2024 6 6 —~—- 100.0 [61.0; 100.0] 9.0%
Wang, 2024 4 6 H 66.7 [30.0; 90.3] 25.8%
Zhang, 2024 37 37 s 100.0 [90.6; 100.0] 9.5%
Adams, 2025 13 13 —_— 100.0 [77.2;100.0] 9.3%
Luong, 2025 8 8 —_— 100.0 [67.6; 100.0] 9.1%
Zhang, 2025 13 13 ——' 100.0 [77.2;100.0] 9.3%
Xu, 2022 8 8 —_— 100.0 [67.6; 100.0] 9.1%
Common effect model 169 = 93.8 [86.4; 97.2] 100.0%

Heterogeneity: /2 = 16%, t° = 0.7160, p = 0.30 [

30 40 50 60 70 80 90 100

PPV (%)

Fig. 3. Forest plots of individual and pooled positive predictive value (PPV) of noninvasive prenatal testing (NIPT) panels for

detecting dominant single-gene disorders.

Liu. NIPT for Dominant Single-Gene Disorders. Obstet Gynecol 2026.

VOL. 147, NO. 5, MAY 2026

Liu et al

NIPT for Dominant Single-Gene Disorders 693

© 2026 by the American College of Obstetricians
& Gynecologists. Published by Wolters Kluwer Health, Inc.
Unauthorized reproduction of this article is prohibited.


http://links.lww.com/AOG/E526
http://links.lww.com/AOG/E526
http://links.lww.com/AOG/E526
http://links.lww.com/AOG/E526
http://links.lww.com/AOG/E526

Specificity
1 0.8 0.6 0.4 0.2 0
1 | | | 1 1
Q
g) Sensitivity: 94.6% (95% Cl: 85.7% — 98.0%)
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g — AUC: 0.983 (95%Cl: 0.938 - 0.990)
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©
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[
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False positive rate

Fig. 4. The sensitivity and specificity in each study were
calculated and plotted on a summary receiver operating
characteristic (SROC) curve. AUC, area under the curve.

Liu. NIPT for Dominant Single-Gene Disorders. Obstet Gynecol
2026.

sensitivity and specificity, which ranged from 93.1%
to 96.3% and from 99.5% to 99.8%, respectively
(Appendix 8, available online at http://links.lww.
com/AOG/E526). These findings suggest that no sin-
gle study had a disproportionate influence on the
overall estimates.

Events per 100

Funnel plots and Egger’s tests assessed publica-
tion bias for positivity rate and PPV (Appendix 9,
available online at http://links.lww.com/AOG/
E526). Positivity rate showed symmetric distribution
with nonsignificant Egger’s test (P=.143), indicating
no publication bias. Positive predictive value showed
marked asymmetry with significant Egger’s test (P=.
004). Trim-and-fill analysis estimated four missing
studies, adjusting PPV to 89.4%, suggesting overesti-
mation due to publication bias. Given the limited
number of included studies for calculating sensitivity
and specificity and the use of bivariate random-effects
modeling with an SROC curve, publication bias was
not performed by previously mentioned methods to
avoid overinterpretation based on underpowered
tests.

DISCUSSION

This review evaluated the performance of NIPT
panels for dominant single-gene disorders from the
perspectives of clinical utility and methodologic val-
idity. Across the included studies, positivity rates and
PPV were consistently reported, with a subset provid-
ing measures of diagnostic accuracy. The findings
showed low heterogeneity for PPV and minimal risk
of bias, supporting the overall robustness of the evi-
dence, despite limited sample sizes. Test positivity was
lowest in low-risk populations and increased progres-
sively in mixed- and high-risk groups; PPV was uni-
formly high across studies. The estimates of positivity

Study NIPT positive  Total observations Positivity Rate(%) 95%Cl Weight
Population risk = high

Mohan, 2022 125 2208 - 5.7 [4.7; 6.7] 11.6%
Nguyen, 2023 1 93 _——> 11.8 [6.1;20.2] 11.1%
Wang, 2024 6 112 — 54 [2.0; 11.3] 10.7%
Zhang, 2024 37 1003 - 3.7 [2.6; 5.1] 11.5%
Luong, 2025 8 116 — 6.9 [3.0;13.1] 10.9%
Random effects model 3532 e 6.0 [4.0; 8.7] 55.8%
Heterogeneity: /2 = 70%, > = 0.1462, p < 0.01

Population risk = low

Westover, 2024 6 4506 0.1 [0.1; 0.2] 10.8%
Adams, 2025 14 2745 0.5 [0.2; 0.9] 11.3%
Random effects model 7251 (% 0.3 [0.1; 1.0] 22.0%
Heterogeneity I? = 87%, v° = 0.7875, p <0.01

Population risk = mixed

Zhang, 2025 11 535 - 21 [1.0; 3.7] 11.1%
Xu, 2022 8 1129 - 0.7 [0.3; 1.4] 11.0%
Random effects model 1664 < 1.2 [0.4; 3.5] 22.1%
Heterogeneity 1% =81%, 1° = 0.4727, p=0.02

Random effects model 12447 g 2.2 [0.8; 5.6] 100.0%

Heterogeneity: /2 = 96%, 1 = 2.1201, p < 0.01 f T T T
Test for subgroup differences: xg =25.54,df =2 (p<0.01) 0 5 10 15
Positivity Rate (%)

1
20

Fig. 5. Forest plots of positivity rates by subgroup analysis of population risk characteristics. NIPT, noninvasive prenatal

testing; df, degrees of freedom.

Liu. NIPT for Dominant Single-Gene Disorders. Obstet Gynecol 2026.
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rate and PPV demonstrate the most critical concerns
of clinical practice when NIPT panels are performed.
Methodologic validity was further supported by the
balanced combination of high sensitivity and specific-
ity, ~with  excellent overall discriminatory
performance.

Our key finding lies in the differential positivity
rates observed across populations with different risk,
with meta-regression analysis substantiating significant
intersubgroup differences. Recent research has shown
that exome sequencing detected de novo variants with
moderate or severe phenotypes in 0.7% of normal fe-
tuses with normal G-banded karyotype or chromo-
somal microarray analysis.?” Given that family
history and advanced parental age were not excluded
with moderate phenotypes in that study, these findings
support our observed association of a positivity rate of
approximately 0.27% in a low-risk population. The im-
plementation of NIPT panels for dominant single-gene
disorders as a screening modality in the general pop-
ulation remains contentious, partly attributed to the
lack of robust empirical data in this area.?8 The posi-
tivity rate data stratified by prior risk level presented
herein provides a potential evidence base for develop-
ing a more rational screening strategy. In resource-
constrained health care environments, risk-stratified
screening enables optimal resource allocation, thereby
maximizing screening efficiency and cost-effectiveness.
For patients, our findings provide clinicians with addi-
tional information for screening recommendations tai-
lored to a specific risk profile, potentially aligning with
approaches to personalize medicine and higher patient
satisfaction.

The pooled PPV of NIPT panels for dominant
single-gene disorders in the current study reached
93.8%, representing a result that exceeds the PPV of
NIPT for chromosomal abnormalities.2-32 The con-
tinuous advancement in sequencing and analytical
technologies has led to increasing accuracy, support-
ing such improved PPV. Furthermore, compared with
quantitative analysis based on chromosomal fragment
counting used for detecting chromosomal abnormal-
ity, high-sensitivity qualitative or quantitative analysis
of specific locus variants, partly like a presence-or-
absence method, may in theory offer superior preci-
sion and efficiency.?®> However, the relatively small
sample size of studies included in the PPV estimate
may have overstated the estimate. Additionally, the
presence of publication bias likely contributed to this
overestimation. We attempted to correct for this by
using the trim-and-fill method.

Prevalence of the conditions being evaluated was
not considered in the pooled estimates, which could

VOL. 147, NO. 5, MAY 2026

present a critical factor that influences the clinical
utility when either very high or low, which has been
emphasized in prior literature.®!%2> Despite the vari-
ety in panel size and composition, most panels were
targeting conditions with severe outcomes and high
prevalences, resulting in substantial overlap in their
primary composition. Consequently, the differences
in prevalence were unlikely to affect clinical utility.
The minimal heterogeneity observed further supports
that there were no significant intergroup differences
when calculating the PPV.

The sensitivity and specificity, independent from
the prevalence, were both high, with low heteroge-
neity. This suggests that the methodology across
different NIPT panels for dominant single-gene dis-
orders demonstrate consistently high and uniform
validity. However, sensitivity and specificity can be
influenced by the choice of cutoff values, yet none of
the included studies explicitly reported how their
cutoff thresholds were set or determined.?* Given
the low heterogeneity, it could be speculated that
the potential bias introduced by cutoff variability is
minimal, although it remains unknown. Given that
the elimination of false-negative cases is more critical
in a screening test, prioritizing sensitivity over spec-
ificity is more pivotal, which means a lower cutoff
threshold.

There are several strengths in this review. We
included studies with a sample size of 50 cases or
more, minimizing the potential uncertainty and bias
possibly caused by a small sample size. A subgroup
analysis of characteristics shown to influence clinical
and methodologic validity was undertaken. Finally,
the subgroup analyses were stratified by risk catego-
ries, generating more clinically relevant and
population-specific outcomes. Our study is not with-
out limitations. The relatively small sample sizes in
the PPV analysis introduced bias, which hindered
publication bias assessment for methodologic validity.
Lack of detailed risk population proportions in indi-
vidual studies compromised mixed-risk cohort reli-
ability. Finally, studies consisted of de novo cases or
cases where parental carrier status was unknown at the
time of testing; we were unable to assess whether test
performance differs when the pregnant individual car-
ries the pathogenic variant.

In conclusion, this review evaluated NIPT panels
for dominant single-gene disorders from clinical util-
ity and methodologic validity perspectives. These
findings may provide insights into NIPT performance
and support the clinical implementation of NIPT
dominant single-gene disorder panels in routine pre-
natal care.®®
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