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Abstract

Objectives: Decisional conflict and regret about prenatal
genetic screening and diagnostic tests may have important
consequences in the current pregnancy and for future
reproductive decisions. Identifying mechanisms that reduce
conflict associated with the decision to use or decline these
options is necessary for optimal patient counseling.
Methods: We conducted a cluster-randomized controlled
trial of a shared decision-making tool (NEST) at the begin-
ning of prenatal care. Enrolled patients completed follow-up
surveys at the time of testing (QTT) and in the second–third
trimester (QFF), including the Decision Conflict Scale (DCS).
Total DCS scores were analyzed using a multivariate linear
mixed-effect model.

Results: Of the total number of participants (n=502)
enrolled, 449 completed the QTT and QFF surveys. The mean
age of participantswas 31.6±3.8, withmost parous at the time
of study participation (n=321; 71.7 %). Both the NEST (the
intervention) and control groups had lower median total
DCS scores at QFF (NEST 13.3 [1.7, 25.0] vs. control 16.7 [1.7,
25.0]; p=0.24) compared to QTT (NEST 20.8 [5.0, 25.0] vs.
control 18.3 [3.3, 26.7]; p=0.89). Participants exposed to NEST
had lower decisional conflict at QFF compared to control
(β −3.889; [CI −7.341, −0.437]; p=0.027).
Conclusions: Using a shared decision-making tool at the start
of prenatal care decreased decisional conflict regarding pre-
natal genetic testing. Such interventions have the potential to
provide an important form of decision-making support for
patients facing the unique type of complex and preference-
based choices about the use of prenatal genetic tests.

Keywords: decisional regret; medical decision-making; pre-
natal genetic testing

Introduction

Prenatal genetic screening and diagnostic tests (collectively
called prenatal genetic tests) contribute to obstetric out-
comes by delivering high-quality prenatal care. Congenital
abnormalities, including those caused by genetic condi-
tions (e.g., Trisomies 21, 18, and 13), are a leading cause of
infant mortality in the U.S. [1]. More than 4,000 infant
deaths per year stemming from congenital abnormalities
within the first year of life [1–6]. Infants surviving longer
are more likely to have long-term health conditions that
impact their quality of life [7, 8]. The information obtained
from these tests is significant for prenatal care as it may lead
some patients to undergo additional procedures to optimize
neonatal outcomes or, if a severe condition is identified,
to end the pregnancy. Given the ramifications of these
decisions, it is a priority to ensure that all pregnant patients
can make informed decisions about prenatal genetic tests
that reduce the potential for decisional conflict [9].

Decisional conflict is the uncertainty or conflict associ-
atedwith using or declining amedical option thatmay result
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in a sense of loss, regret, or a challenge to one’s values
[10–13]. Decisional conflict may influence the current preg-
nancy, leading to psychological stressors for the patient that
can delay implementing a medical decision. This is signifi-
cant in prenatal care, where prenatal genetic testing
decisions are time-sensitive, and delays by just a few days
may prevent patients from accessing options that may align
with their values and needs. In addition, studies demon-
strate that decisional conflict and regret may have ramifi-
cations for the pregnant patient, family, and obstetric
outcomes during the current pregnancy [14]. There are also
concerns about the enduring nature of decisional conflict
and regret for patients after pregnancy, with the potential to
impact future decisions about whether and how to build a
family after a negative experience from the prior pregnancy.
The need to foster informed decision-making by all pregnant
patients is a priority, particularly for those currently at risk
for poor obstetric outcomes due to existing barriers to
healthcare quality and access during pregnancy [15–18].

Decisions about prenatal genetic tests are becoming
increasinglymore complex, presenting a challenge to ensure
pregnant patients have the information and resources
needed to make informed decisions about their use. For this
reason, it is critical to identify mechanisms to minimize
decisional conflict given the scientific evidence about the
medical, ethical, legal, and social implications of doubt
and uncertainty associated with prenatal genetic testing
choices. We conducted this study to examine the impact of
an intervention to support patients’ decisions about pre-
natal genetic tests.

Materials and methods

We conducted a cluster-randomized controlled trial of a point-of-care
shared decision-making tool at two major healthcare systems, [the
Cleveland Clinic and MetroHealth Medical Center], from August 2018 to
December 2021. Clusters consisted of providers who practiced at that
specific location. The intervention was implemented at the cluster level
among patient-provider dyads at each study site.

The study was approved by the Cleveland Clinic Institutional
Review Board (IRB), and all components of the study were performed in
accordance with relevant human subject protection guidelines and reg-
ulations. All informed consent procedures were proposed and approved
by the Cleveland Clinic IRB. A data safety andmonitoring board reviewed
and monitored research activities for the duration of the trial.

Participants included obstetric health providers and pregnant
patients scheduled for a prenatal care visit at a participating cluster.
Eligible participants were contacted by a recruitment letter describing
the study, which included instructions to contact the research coordi-
nator if they were interested in participating in the study. Informed
consent was conducted by Research Coordinators and obtained from all
participants before data collection.

Patients

Study inclusion criteria focused on pregnant patients, ages 18 years or
older, who had an initial prenatal care appointment, scheduled to see
one of the healthcare providers enrolled in the study, able to read and
speak English, able to provide consent for research participation, and
had a viable intrauterine pregnancy confirmed at the first prenatal visit.

Providers

Providers at the identified cluster sites were approached for recruit-
ment. Inclusion criteria included board-certified obstetrician-gynecol-
ogists (OB/GYNs), certified nurse midwives (CMN), nurse practitioners
(NP), or physician assistants (PA) who provided outpatient prenatal care
at one of the study sites (together referenced as OB providers).

Procedures

Intervention: The intervention was a point-of-care shared decision-
making instrument (NIPT Education Support Tool; NEST) administered
via REDCap Survey on a tablet PC before the first prenatal care visit. The
intervention was structured as a series of questions to help patients
identify their educational needs and preferences about prenatal genetic
tests before seeing their provider for the first prenatal visit. These items
related to routine prenatal genetic screens and diagnostic tests. The
intervention was designed to be used in tandem with educational
resources and counseling provided by the healthcare provider. The
items were developed with context experts in obstetrics, genetics, and
medical decision-making. The intervention was composed of three
sections (Section 1): a series of close-ended questions to ascertain pa-
tients’ familiarity with the different prenatal genetic screening and
diagnostic tests; the conditions that can be detected using prenatal
screening and testing, as well as terms used to describe these tests
(Section 2); a series of close-ended questions to probe patients’ infor-
mational and decision-making priorities to set the agenda of the con-
versation about prenatal genetic testing; and (Section 3) open-ended
questions for patients to personalize the discussion further. After
completing the NEST, the responses were summed using REDCap, and
two copies of the report summarizing the patients’ responses (the NEST
Report) were printed. One copywas provided to the patient to reference
any identified questions and informational priorities during the visit. A
second copywas given to the provider to review to tailor the content and
focus of the discussion with the patient about different testing options.
The patient and provider were oriented to the NEST and the function of
the NEST summation in individualized one-on-one educational sessions
led by the Research Coordinator before study participation.

Providerswere randomized by practice into one of two study arms:
(1) the intervention arm utilizing the shared decision-making instru-
ment or (2) the control arm utilizing standard practice patterns for
education and counseling (usual care). All participating providers
within a cluster were randomized to the same arm. A binary random
number generator was used to assign intervention or control status at
the practice level. The assignment was checked by a research team
member who was blinded to cluster assignment to ensure a balance
with respect to the number of clusters and providers in each of the study
arms. Because the shared decision-making intervention was targeted to
affect the patient-provider interaction, study participants were not
blinded to which group (intervention or control) they were assigned.
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Measures: Enrolled patients completed a self-administered baseline
survey (Baseline Questionnaire or QBASE) before the first prenatal
appointment [19, 20]. This instrument assessed baseline knowledge and
attitudes regarding prenatal genetic screening and diagnostic testing
using a modified version of the Multidimensional Measure of Informed
Choice (MMIC) [21, 22]. The MMIC is a validated tool that uses close-
ended and Likert-scale items to measure knowledge and attitudes with
respect to prenatal genetic tests. The MMIC was modified to include
questions about all routine prenatal genetic screens and diagnostic tests
offered in the U.S. and validated before use. The instrument also con-
tained Likert-scale items to identify attitudes about the testing options
(eight 5-point Likert Scale items) and level of deliberation, also referred
to as decision-making status (ten 5-point Likert Scale items). The
instrument also assessed participants’ preferences for decision-making
using the validated Denger Scale, with respect to preferring an “active
role” in decisions (e.g., patient-centric approach), a “collaborative role”
(e.g., shared decision-making or informed decision-making vs. passive
role), or “passive role (e.g., provider-centric approach) [23]. Participants
completed a self-administered survey at three additional points in time.
The Post-Visit Questionnaire (QPV) was administered 1–7 days after the
visit and measured knowledge and attitudes using the modified MMIC
and a validated measure to assess the status of decision-making. A
second survey, the time of test questionnaire (QTT), was administered
once the patient initiated testing or the testing window passed for those
who declined testing. This instrument used the same questions as the
QBASE to measure knowledge and attitudes. It also included the Deci-
sion Conflict Scale (DCS) to measure decisional conflict specific to
making decisions about prenatal genetic tests. A third and final survey,
the final follow-up questionnaire (QFF), was administered in the mid-
second and early-third trimester of pregnancy once all prenatal genetic
testing was completed and resulted. It contained the same items as the
QTT [24]. Survey items were developed and validated through input
from content experts, pilot testing using cognitive interviews, and
revisions based on this feedback. Thisfinal instrumentwas used for data
collection. The survey was administered on a tablet PC provided by the
research teamand using REDCap (Research Electronic Data Capture) is a
secure, web-based software platform designed to support data capture
for research studies [19, 20]. The research coordinator conducted a
formal chart review before each survey point of contact to exclude any
participantswhohad experienced fetal loss or other significant obstetric
complications from these surveys.

Statistical analysis

This is an analysis of the DCS responses (secondary outcome) froma trial
to examine the impact of a point-of-care shared decision-making tool on
shared decision-making (primary outcome). The OPTION scale deter-
mined the original sample size of the trial as a measure of shared
decision-making as reported elsewhere [25, 26].

The data analyzed included participants who completed both QTT
andQFF to determine the impact of the intervention over these two time
points. Continuous measures were summarized using means and
standard deviations for participant characteristics and compared using
two-sample t-tests. Ordinal measures were summarized using medians
and quartiles or frequencies and percentages and compared using
Wilcoxon rank sum tests or Kruskal-Wallis test. Categorical factorswere
summarized using frequencies and percentages and were compared
using Pearson’s chi-square tests. The total DCS scores at QTT and QFF

were analyzed using the multivariable linear mixed-effect model. The
model includes NEST vs. control as the fixed effect, provider cluster as
the random intercepts, and adjusted other clinically relevant factors.
Only significant factors were kept in the final models. Statistical sig-
nificance was established at two-sided alpha of 0.05. All analyses were
conducted using SAS 9.4 software.

Results

A total of 502 participants were enrolled, with 449
completing the DCS in both the initial QTT survey and the
QFF survey (Figure 1). There were a total of 50 patient-
provider dyads across 27 sites, with an average of 12
patient-participants per provider-participant. The mean
age of participants was 31.6±3.8 (Table 1). The majority
were <35 years old (n=353; 78.6 %), self-reported as white
(n=390; 87.1 %), and non-Hispanic (n=434; 96.7 %). Most
participants reported being parous at the time of study
participation (n=321; 71.7 %).

Both the intervention and control groups had lower
median total DCS scores at QFF (NEST 13.3 [1.7, 25.0] vs.
control 16.7 [1.7, 25.0]; p=0.24) compared to QTT (NEST 20.8
[5.0, 25.0] vs. control 18.3 [3.3, 26.7]; p=0.89)) (Table 2). While
total DCS scores were not significantly different between the
intervention and control groups in univariate analyses, two
specific items had statistically significant differences noted
at QFF. Compared to control, a greater number of NEST
participants reported positively to the statement, “I know
the risks and side effects of each option” (NEST n=188; 84.3 %
vs. control n=160; 76.6 %; p=0.042) and “I am clear about
which is more important to me: the benefits or the risks and
side effects” (NEST n=205; 91.9 % vs. control n=179; 85.2 %;
p=0.028). While most of the component items at QTT
demonstrated factors showed slightly lower conflict levels
among the NEST group, none of these differences were sta-
tistically significant.

In multivariable analyses, participants exposed to NEST
had statistically significant lower decisional conflict at QFF
compared to control (β −3.889; [CI −7.341, −0.437]; p=0.027)
though, at QTT, DCS scores were similar between the inter-
vention and control groups (β −0.996; [CI (−4.169, 2.177);
p=0.54) (Table 3). Several factors were associated with lower
decision conflict levels at QTT and QFF. At earlier stages of
the decision-making process (QTT), higher educational levels
were associated with significantly lower levels of decisional
conflict. Participants with an associate degree or similar
level of education (β −10.474; [CI −19.806, −1.142]; p=0.028)
had lower decisional conflict levels than those with a high
school diploma or professional degree. The strongest
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association was noted among those with those who had
graduated from college (β −14.046; [CI −23.662, −6.256];
p<0.002) or with a graduate or professional degree (β −14.959;
[CI -23.662, −6.256]; p<0.001). Decision-making status (0=had
not considered options vs. 4=had thoroughly considered
options) was also a factor. Participants who had considered
the benefits, risks, and alternatives to prenatal genetic testing
before making their choice about use had lower levels of
decisional conflict (β −4.803; [CI −6.527, −3.079]; p<0.001).
Attitudes regarding prenatal diagnostic testing played a
role, with participants with more positive attitudes about

diagnostic testing noting higher levels of decisional conflict (β
4.487; CI 1.364, 7.609]; p=0.005. Those factors that were sig-
nificant at QTT were no longer significant at later stages of
the decision-making process. At QFF, only higher baseline
knowledge levels (0–100 scale) were associated with lower
conflict levels, with participantswith higher knowledge levels
at baseline having lower conflict levels (for every 10 points
increase of knowledge levels, β −1.601; [CI −2.258, −0.943];
p<0.001). The type of test taken (screen vs. diagnostic) or the
test result was not associated with conflict levels among NEST
or control groups at either time point.
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*Total contacted for study participation (n=4,696)

Full cohort, NEST Arm (n=256) 

**DCS cohort, NEST Arm (n=229)

Full cohort, Control Arm (n=246) 

**DCS cohort, Control Arm (n=220) 
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Participants lost at each survey point (% of the Full cohort)

QBASE: 1 (0.1), QPV: 42 (8.3), **QTT: 25 (5.4), **QFF: 22 (5.0)

Total surveys analyzed (n=412)
**Total DCS surveys analyzed (n=449) 

***Loss to follow up, Full cohort Control Arm

Total number lost: 43 (17.4)

***Loss to follow up, Full cohort NEST Arm

Total number lost: 47 (18.3)

*Those who were contacted for participation met baseline inclusion criteria including was being seen by an
obstetric provider who was also enrolled in the study

**DCS population included those validated measures found within the QTT and QFF questionnaires. In addition
to the 47 surveys that were lost to follow up (QTT: 25, QFF: 22), for the purpose of analysis 6 surveys were
excluded due to incomplete submission and missing variables.

***Loss to follow up includes those who experienced pregnancy loss

Full cohort enrollment (n=502) 

Total number of office visits completed at study sites 
during the study period: August 2018-December 2021

(n=20,983) 

Figure 1: Flowchart for DCS cohort trial participants.
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Participants’ opinions concerning decision-making pref-
erences were associated with levels of decisional conflict
(Table 4). At both time points, participants’ decision-making
preferences influenced decisional conflict in a U-shaped
fashion, with more definitive opinions about an approach to

decision-making associated with lower decisional conflict
compared to thosewhowere unsure or undecided about their
preferred approach. For instance, participants who had a
strong opinion (e.g., “strongly agree” (0 on a Likert Scale),
“agree” (1), “disagree” (3), or “strongly disagree” (4)) about

Table : Demographics.

Factor Total (n=) NEST (n=) Control (n=) p-Value

n Statistics n Statistics

What is your current age? .±.  .±.  .±. .a

Age group   .c

<  (.)  (.)  (.)
≥  (.)  (.)  (.)

Race   .d

White  (.)  (.)  (.)
Black  (.)  (.)  (.)
American native  (.)  (.)  (.)
Asian  (.)  (.)  (.)
Other  (.)  (.)  (.)

Are you Hispanic or Latina?   .c

No  (.)  (.)  (.)
Yes  (.)  (.)  (.)

Parity . [., .]  . [., .]  . [., .] .b

Parity group   .c

P  (.)  (.)  (.)
P+  (.)  (.)  (.)

Gravidity . [., .]  . [., .]  . [., .] .b

Gravidity group   .c

G  (.)  (.)  (.)
G+  (.)  (.)  (.)

What is the highest level of schooling that you have completed?   .c

High school graduate or GED  (.)  (.)  (.)
Associates degree, technical degree, or some college  (.)  (.)  (.)
College graduate  (.)  (.)  (.)
Graduate or professional degree  (.)  (.)  (.)

What is your current marital status?   .d

Single  (.)  (.)  (.)
Currently married  (.)  (.)  (.)
Divorced  (.)  (.)  (.)
Never married  (.)  (.)  (.)
Committed relationship  (.)  (.)  (.)

Do you have a religious faith?   .c

No  (.)  (.)  (.)
Yes  (.)  (.)  (.)

What is your faith?   .d

Christian  (.)  (.)  (.)
Catholic  (.)  (.)  (.)
Jewish  (.)  (.)  (.)
Hindu  (.)  (.)  (.)
Buddhist  (.)  (.)  (.)
Other  (.)  (.)  (.)

Genetic counselor   .c

No  (.)  (.)  (.)
Have genetic counselor  (.)  (.)  (.)

NEST, intervention. Statistics presented asmean±SD,median [P, P], n (column%). p-Values: at-test, bWilcoxon rank sum test, cPearson’s chi-square test,
dFisher’s exact test. Values in bold indicate significant p-values.
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approaches decision-making (e.g., a collaborative shared
decision-making approach, a patient-focused informed
decision-making approach, or a provider-focused approach),
had lower levels of decisional conflict. In contrast, partici-
pants who did not have a strong opinion regarding decision-
making approaches (e.g., “Neither disagree or agree”; Likert
scale 2) demonstrated higher levels of decisional conflict at
both QTT and QFF.

Discussion

The findings of this study demonstrate that decision-making
interventions introduced early in the prenatal care episode
may decrease patients’ decisional conflict regarding the use
of prenatal genetic tests. It also provides insight into addi-
tional approaches to preparing patients to make such

decisions. For instance, orienting patients to prepare them to
consider the scope and nature of the decision process before
discussing concepts specific to prenatal genetic screening
and diagnostic testing may be beneficial. These findings are
significant given the priority to reduce decisional conflict for
pregnant patients facing a series of complex and personal
decisions about pregnancy, disability, and parenthood dur-
ing prenatal care.

This study demonstrated a way to reduce decisional
conflict and regret for patients considering prenatal genetic
testing, as participants randomized to the intervention had
lower decisional conflict indicators when deciding whether
to initiate testing and later in pregnancy once the testing
process was completed. This may be a function of investing
in a preparatory stage before patients engage in directed
discussions about prenatal genetic testing with their pro-
vider, giving the opportunity to consider their values,

Table : Decisional conflict at QTT (time of test) and QFF (final follow-up) NEST vs. control.

QTT QFF

NEST (n=) Control (n=) p-Value NEST (n=) Control (n=) p-Value

n Statistics n Statistics n Statistics n Statistics

Total score  . [.,
.]

 . [.,
.]

.b  . [.,
.]a

 . [.,
.]

.b

DCS informed  . [.,
.]

 . [.,
.]

.b  . [.,
.]

 . [.,
.]

.b

DCS values clarity  . [.,
.]

 . [.,
.]

.b  . [.,
.]

 . [.,
.]

.b

DCS support  . [.,
.]

 . [.,
.]

.b  . [.,
.]

 . [.,
.]

.b

DCS effective decision  . [.,
.]

 . [.,
.]

.b  . [.,
.]

 . [.,
.]

.b

I know which options are available to me.   (.)   (.) .c   (.)   (.) .c

I know the benefits of each option.   (.)   (.) .c   (.)   (.) .c

I know the risks and side effects of each option.   (.)   (.) .c   (.)   (.) .c

I am clear about which benefits mattermost tome.   (.)   (.) .c   (.)   (.) .c

I am clear about which risks and side effectsmatter
most to me.

  (.)   (.) .c   (.)   (.) .c

I am clear about which is more important to me:
the benefits or the risks and side effects.

  (.)   (.) .c   (.)   (.) .c

I have enough support from others to make a
choice.

  (.)   (.) .c   (.)   (.) .c

I am choosing without pressure from others.   (.)   (.) .c   (.)   (.) .c

I have enough advice to make a choice.   (.)   (.) .c   (.)   (.) .c

I am clear about the best choice for me.   (.)   (.) .c   (.)   (.) .c

I feel sure about what to choose.   (.)   (.) .c   (.)   (.) .c

I feel i have made an informed choice.   (.)   (.) .c   (.)   (.) .c

My decision shows what is important to me.   (.)   (.) .c   (.)   (.) .c

I expect to stick with my decision.   (.)   (.) .c   (.)   (.) .c

I am satisfied with me decision.   (.)   (.) .c   (.)   (.) .c

NEST, intervention; DCS, decisional conflict scale; QTT, time of test; QFF, final follow-up. Statistics presented as median [P, P], n (column %). p-Values:
bWilcoxon rank sum test, cPearson’s chi-square test. Patient responseswere pre-populated in likert-scale format, / of the responseswere combined into a
YES (strongly agree, agree), and other responses were combined into an NO (strongly disagree, disagree). Values in bold indicate significant p-values.
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preferences, and needs before considering the medical
aspects of the decision. This is significant because there are
several well-documented reasons to reduce decisional con-
flict and regret in prenatal genetic testing decisions,
including the chance of individuals being more likely to
change their mind about a healthcare decision, delay their
decision, and express decisional regret [27–30]. Studies also
document that patients who receive unexpected or positive
results during the prenatal genetic testing process may
experience anxiety and stress that can negatively impact
their health and well-being [31–33]. In addition, the stress
and anxiety associated with such experiences can make it
difficult for patients to navigate a series of different proba-
bilities and choices. Barriers to information acquisition
and decision-making are particularly salient in the context of
prenatal genetic testing, a setting in which time-sensitive
decisionsmust bemade to enable patients’ access to testing or
procedures that impact obstetric outcomes. In addition, the
decision-making landscape is increasingly complex, given the
expanded capability of testing, advances in maternal-fetal
and neonatal interventions to improve neonatal outcomes,
and restrictions to abortion access [6–8, 34–36]. If a serious
fetal genetic condition is identified, urgency is required
for patients to consider their options, setting the stage for

decisional conflict and regret if made without the infor-
mation and support needed to navigate options that align
with one’s values. There is also the concern about the
impact of decisional regret on parents’ experience. This has
been described as “watchful waiting” by parents who may
be looking for the initial signs of a prenatally diagnosed
genetic condition, impacting bonding and relationships
with the newborn [11].

In this study, we noted overall lower levels of decisional
conflict among the intervention group compared to the
control group in the late second and early third trimester of
the pregnancy, marking the final stages of the testing pro-
cess. These differences indicate an important impact of the
study intervention on patients at the end of the antenatal
decision-making pathway. At QFF, participants exposed to
the intervention at the onset of prenatal care reported
feeling more familiar with each testing option’s risks and
side effects and personal and decision-making priorities
when considering prenatal genetic testing compared to
control. Similar trends with higher satisfaction and lower
conflict were observed among NEST participants for each of
the remaining component measures of decisional conflict
compared to the control. While some of the individual DCS
factors were not statistically significant, they may represent

Table : Multivariable linear mixed effect models predicting total DCS scores.

Variable Level Beta % CI p-Value

Model : QTT DCS score, n=

Group Control – -Reference-
Group NEST −. (−., .) .
What is the highest level of schooling that you have
completed?

High school graduate or GED – -Reference-

What is the highest level of schooling that you have
completed?

Associates degree, technical degree, or some
college

−. (−., −.) .

What is the highest level of schooling that you have
completed?

Graduate or professional degree −. (−., −.) <.

What is the highest level of schooling that you have
completed?

College graduate −. (−., −.) .

Diagnostic by score>= QB Negative – -Reference-
Diagnostic by score>= QB Positive . (., .) .
QB Decision making status mean score
(–)
( unit= in decision making status score)

 unit increasea −. (−., −.) <.

Model : QFF DCS score, n=

Group Control – -Reference-
Group NEST −. (−., −.) .
Knowledge score Qbase
( unit=% in correction rate)

 unit increasea −. (−., −.) <.

NEST, intervention; DCS, decisional conflict scale; Qbase, baseline; QTT, time of test; QFF, final follow-up; CI, confidence interval. Only group variable and
significant covariates were kept in the final models. aThe average by which the dependent variable increases when the independent variable increases one
unit and other independent variables are held constant. Values in bold indicate significant p-values.
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critical clinical differences for patients and providers as they
may represent additional modifiable factors important to
patients in the decision-making process. These findings also
highlight the importance of establishing patient-centric
Minimally Important Difference (MID) in decisional regret
that communicates what is most important to patients in
improving outcomes [37]. This is particularly relevant to these
types of highly preference-based decisions that are situated in

a shifting landscape of post-diagnosis management options
and have a significant impact on obstetric outcomes.

The study findings raise important questions about how
best to provide personalized support for patients as they
navigate their prenatal genetic testing options, including
potentially modifiable factors that may reduce decisional
conflict. This study describes the type of interventions that
may improve decision-making and support the informed

Table : Decision making preferences and decisional conflict.

Factor
QTT QFF

n Median [P, P] p-Value n Median [P, P] p-Value

I prefer to leave decisions about using a prenatal genetic test
to my doctor, midwife, or a genetic counselor.

Strongly agree  . [., .] <.  . [., .] .
Agree  . [., .]  . [., .]
Neither agree
or disagree

 . [., .]  . [., .]

Disagree  . [., .]  . [., .]
Strongly
disagree

 . [., .]  . [., .]

I prefer for my doctor, midwife, or a genetic counselor tomake
a decision about using a prenatal genetic test for me but only
after hearing my opinions about it.

Strongly agree  . [., .] .  . [., .] .
Agree  . [., .]  . [., .]
Neither agree
or disagree

 . [., .]  . [., .]

Disagree  . [., .]  . [., .]
Strongly
disagree

 . [., .]  [., .]

I prefer to work together with my doctor, midwife, or genetic
counselor to make a decision about using a prenatal genetic
test.

Strongly agree  . [., .] .  . [., .] .
Agree  . [., .]  . [., .]
Neither agree
or disagree

 . [., .]  . [., .]

Disagree  . [., .]  . [., .]
Strongly
disagree

 . [., .]  . [., .]

I like to make decisions about using a prenatal genetic test by
myself using a prenatal genetic test bymyself before talking to
my doctor, midwife or genetic counselor

Strongly agree  . [., .] .  . [., .] .
Agree  . [., .]  . [., .]
Neither agree
or disagree

 . [., .]  . [., .]

Disagree  . [., .]  . [., .]
Strongly
disagree

 . [., .]  . [., .]

I like to make a decision about using a prenatal genetic test by
myself before talking tomy spouse or partner, familymember,
or friend.

Strongly agree  . [., .] .  . [., .] .
Agree  . [., .]  . [., .]
Neither agree
or disagree

 . [., .]  . [., .]

Disagree  . [., .]  . [., .]
Strongly
disagree

 . ., .]  . [., .]

I like to make a decision about using a prenatal genetic test
after talking to my spouse or partner, family member, or
friend.

Strongly agree  . [., .] .  . [., .] .
Agree  . [., .]  . [., .]
Neither agree
or disagree

 . [., .]  . [., .]

Disagree  . [., .]  . [., .]
Strongly
disagree

 . ., .]  . [., .]

QTT, time of test; QFF, final follow-up; p-values, Kruskal-Wallis test. Values in bold indicate significant p-values.
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consent process, particularly as the complexity of these
prenatal genetic testing decisions increases. This includes
tools that focus on a preparatory stagewhenpatients consider
the nature and scope of decisions and how their values play
into those decisions before learning about specific chromo-
somal conditions andways to identify them. Studies show that
reducing decisional conflict may not be a function of the
nature or volume of educational information provided to
the patient [38]. In addition, our study noted that baseline
educational levels only played a role in reducing decisional
conflict at earlier stages of the decision-making process and
less of a role later in the pregnancy once testing was
completed. Instead, it may be a matter of when and how that
information is provided to patients and satisfaction with the
counseling process [38]. For instance, lower decisional regret
levels were noted when patients received tailored counseling
before amajordecisionhad to bemade about prenatal genetic
testing [39]. Furthermore, lower levels of post-test decisional
conflict, anxiety, and regret are also associated more with
improvements in the quality of pre-test counseling [39].

While efforts focused on patients’ knowledge of genetic
risk and assessments can improve decisions, theythere may
be other key factors in the informed decision-making pro-
cess. In efforts to support patients’ decision-making, there
may be a role to broaden the focus of interventions beyond
information exchange and other aspects of the decision-
making process. On one hand, it may not be feasible or
effective to focus educational efforts on presenting detailed
medical information about genetic conditions that can be
identified or current testing modalities to identify said con-
ditions. This may increase the chance of “information
overload” and not address the patients’ preferences that
evolve in conjunction with the nature and volume of infor-
mation that may be obtained in the process. In addition, we
observed that the impact of baseline educational levels on
decisional conflict damped over time. On the other hand,
there may be other aspects of the decision-making process
that patients would prefer to be oriented to as they navigate
the unique aspects of the decision-making process. Studies
have demonstrated the role of values clarification in pre-
natal genetic testing decisions [34]. Theremay be additional
factors to consider as well. For instance, our study high-
lights that there may also be a role for orienting patients to
the decision-making process before introducing concepts
related to prenatal genetic risk and assessment. This includes
discussing with patients how they approach decision-making
may be associated with regret and providing the opportunity
to clarify their preferences before they initiate testing and at
the various stages of the decision-making process.

There are some limitations to consider when inter-
preting the results of this cluster RCT, recognizing both the

strengths and limitations of this approach. We conducted
this study in accordance with the CONSORT guidelines for
cluster RCTs with a cohort of patients and providers who
elected to participate in this study and completed the lon-
gitudinal assessments over the course of the pregnancy.
We selected this methodological approach given the unique
aspects of prenatal care delivery, which may span over
several weeks, taking steps to prevent contamination
between the control and intervention groups. In doing so, we
recognized the chance of unbalanced participant character-
istics and variability across clusters. While our recruitment
approach was developed to reach a broad demographic rep-
resentation,most study patient-participants were >35 years of
age, self-described as Caucasian, with more than one prior
pregnancy, higher education levels, and higher health literacy
levels. These factors may affect generalizability. Those who
elected to participatemayhave fundamental differences from
those who did, not just with respect to their understanding of
the concepts but also to their acceptance of participating
in the direct observation approach. Thus, the perspectives
and experiences of these research participants may reflect
self-selection bias, particularly for those who may have a
specific approach to exploring decision-making needs and
preferences regarding prenatal genetic testing and partici-
pation in study during pregnancy. In addition, providers and
patients represent two large, urban, academic medical cen-
ters, which is also an important limitation to consider. Despite
these limitations, this study sheds light on steps that can be
instituted to ensure that patients make prenatal genetic
testing decisions free of decisional regret.

Conclusions

It is important to develop patient-centered approaches to
support pregnant patients as they consider initiating prenatal
genetic tests and make prenatal care decisions, particularly
as these choices are becoming increasingly complex due to
advances in prenatal genomics. These approaches should
include mechanisms that educate patients about the testing
process and how their values, beliefs, and preferences
regarding those options may influence the outcome of their
decisions. Further research is needed to understand how best
to provide patients with the information and resources
necessary to navigate this uniquely complex and personal
process in a way that aligns with their goals and needs as
patients, parents, and members of a family.
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