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Abstract

Objective: There are concerns regarding the potential harms in receipt of prenatal

chromosome microarray (CMA) results, particularly variants of uncertain significance

(VUS). We examined the influence that the return of genomic results had on parental

well‐being and perceptions of children's development.

Methods: Parents (n = 138) of 83 children who underwent prenatal chromosomal

microarray testing completed questionnaires assessing perception of children's

development, parent‐child attachment, parental mood, parenting competence, martial

satisfaction, satisfaction with the decision to undergo testing, and attitudes about

genetics at age 12 and/or 36 months. Responses were compared between parents

who received normal/likely benign results and VUS results.

Results: Compared to normal/likely benign results, parents who received VUS results

rated their child as less competent on the BITSEA scale at 12 (β = −1.65, P = .04) though

not 36 months (P = .43). There were no differences in parent mood, marital satisfaction,

or parenting competence. At 36 months, parents in the VUS group reported less satis-

faction with their decision to undergo genetic testing (β = 1.51, P = .02).

Conclusion: Chromosome microarray VUS results have limited impact on parental

well‐being and perception of children's development. However, the initial diminished

perception of child competency and later dissatisfaction with genomic testing indicate

the need to assist parents in coping with ambiguous results.
1 | INTRODUCTION

Molecular cytogenetics has advanced over the last decade and

allowed for the detection of copy number variants (CNVs) that were

previously unrecognized by conventional cytogenetics. In a previous

study, the clinical utility of prenatal chromosome microarray (CMA)

testing was evaluated in 4400 individuals undergoing chronic villus

sampling (CVS) and amniocentesis for fetal karyotype. In comparison
or role.

ior author role.
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to traditional fetal karyotype, CMA detected additional clinically

significant CNVs in 1.7% of the cases,1-3 which led the American

College of Obstetricians & Gynecologists to recommend that CMA

be made available to every woman undergoing prenatal diagnostic

testing.4 During the first 10 years of clinical postnatal use,

polymorphic and benign CNVs have been identified and differenti-

ated from pathologic CNVs associated with congenital anomalies,5-7

neurological, and psychiatric diseases.8-16 Many CNVs were

initially classified as variants of uncertain significance (VUS) until

large sets of population‐based CNV data were available. The

delineation of the spectrum of manifestations, frequency, and
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What 's already known about this topic?

• Studies have examined parental perspectives of prenatal

chromosome microarray (CMA) testing, and how the

CMA results received affect parental stress, mood, and

anxiety.

What does this study add?

• This study assesses prenatal CMA testing in relation to

parental perceptions of child outcomes up to children

at age 36 months old. Little research has investigated

the impact of individual genomic results on parental

perceptions of children's behavior and health beyond

early infancy.

TABLE 1 Total parent reports per child by time point

Parents Report per Child N

12 months only: mother 11

12 months only: father 2

12 months only: mother + father 10

36 months only: mother 11

36 months only: father 1

36 months only: mother + father 23
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severity of symptoms is still incomplete for many rare CNVs,

especially regarding manifestations in adults.

The introduction of CMA into prenatal care aims to increase repro-

ductive autonomy by providing clinically relevant genomic information

that can enhance parents' decision‐making capacity by increasing

diagnostic yield and allowing for targeted surveillance of associated

clinical features to intervene early and improve outcomes.8 However,

there are ethical concerns regarding potential harms caused to parents

and their infants in receiving ambiguous VUS prenatal results. Although

the frequency of CMA VUS will decrease over time, the overall

prevalence of VUS CNVs is currently approximately 1%.17-20 Further-

more, as the scope of prenatal genomic testing increases and expands

to exome/genome sequencing, couples may have the option to receive

more genetic information, and a significant fraction could be of uncer-

tain significance, especially for patients of non‐European ancestry.

Prospective parents receiving VUS results often do not anticipate

the psychological and decision‐demanding difficulties associated with

uncertainty.18 Studies have described that upon receiving VUS results,

parents report feeling a lack of support,21 a lack of preparedness,22 and

frustration over the uncertainty and limits in medical knowledge

related to VUS.23 Of particular concern is the potential negative impact

on parental psychological well‐being and stress24,25 that can lead to

mood changes, anxiety, and parenting‐associated distress.26-33

Emerging research suggests that VUS results are associated with

parents anxiously monitoring their infants, often enrolling them in early

intervention programs or ongoing medical assessments.33 The VUS

results may modify parents' perceptions of their child based on the

anticipation of a “damaged” child and could alter the parent‐child

relationship, potentially contributing to altered behavioral

development. While research has been conducted on parental

perspectives of the prenatal CMA processes and how receipt of

CMA results affects parental stress and anxiety (specifically related

to child development), little research has investigated the association

between the individual genomic results and parental perceptions of

children's behavior, social interaction, and health beyond early infancy.

We sought to determine if the receipt of prenatal CMA results,

particularly VUS results, alters parents' perception of their child and/

or modifies parental behavior and mood. We surveyed parents from

the landmark Wapner et al prenatal chromosome microarray study1

when their infants were 12 months and/or 36 months of age and

assessed (1) parental perceptions of the infant's health, behavior, and

neurocognitive development; (2) parental perceptions of their

parenting competence, the parent‐child relationship, and their own

well‐being; and (3) parental understanding of genetics, tolerance of

ambiguity, and belief in genetic essentialism—the supremacy of genet-

ics in determining children's developmental outcomes. We aimed to

analyze the data according to the pathogenicity of the CNV result

(normal/likely benign or VUS).

12 months: mother 2
36 months: mother + father

12 months: mother plus father 2
36 months: father

12 months: mother + father 6
36 months: mother

12 and 36 months: mother + father 21

12 and 36 months: mother 5
2 | METHODS

2.1 | Participants

Participants with pathogenic/likely pathogenic (mothers and/or

fathers of 27 children) or VUS (mothers and/or fathers of 63 children)
prenatal results in the Wapner et al prenatal chromosome microarray

study were invited to participate in this ancillary study at the 12‐

month follow‐up session of the main CMA study.1 Parents were

enrolled upon mail return of their signed consent, and the study was

approved by the Columbia University Institutional Review Board. In

addition, patients with contemporaneous pregnancies with the same

distribution of indications for chromosome microarray testing as in

the Wapner study and normal/likely benign (normal/LB) prenatal

CMA results were recruited through the Columbia University Division

of Maternal Fetal Medicine and the Center for Prenatal Pediatrics and

were invited to participate by their obstetricians and/or genetic coun-

selors at 12 months postpartum. No variants were reclassified during

the study, and none of the participants received mixed results.
2.2 | Study overview

Mothers and/or fathers completed questionnaires online at 12 months

postpartum, 36 months postpartum, or at both time points (Table 1).

Twenty children had parent reports from both the mother and father
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at 12 and 36 months. Seventeen children had both parent reports at

36 months only. Eight children had both parent reports at 12 months

only. The remaining children had either a mother or a father report at

12 months, 36 months, or both.

Participants reported on their age, relationship status, race,

ethnicity, and education level at the time of their first survey

completion. The following measures were assessed at 12 and

36 months: Maternal Postnatal Attachment Questionnaire (MPAS),

Brief Infant‐Toddler Social and Emotional Assessment (BITSEA), the

Vulnerable Child Scale (VCS), Profile of Mood States (POMS), Parent

Sense of Competence Scale (PSOC), Golombok Rust Inventory of

Marital State (GRIMS), Disclosure of Results to Others, Secrecy about

Results, Decision Satisfaction Scale, Revised Scale of Ambiguity

Tolerance, genetic essentialism, general understanding of genetics,

and accuracy of understanding of results (both developed for this

study). See Table 2 for detailed description of each study instrument

used.
2.3 | Statistical analysis

Unadjusted between‐group comparisons (VUS versus normal/LB)

were performed using Wilcoxon's rank‐sum test, Kruskal‐Wallis, and

Fisher's exact test, as appropriate, to compare demographic character-

istics for the participants who completed only the infant behavior

questionnaires at 1 time point versus those who completed both 12

and 36‐month infant behavior questionnaires.

For each outcome, mixed effect regression models separately

compared group differences in the parental responses. To account

for the potential correlation of a mother and father reporting on the

same child, a random intercept was included in the models. In all

models, parent gender, race/ethnicity (nonwhite versus white), educa-

tion (bachelor's or lower versus master's or higher), employment status

(full time versus other), and child sex were adjusted as covariates.

Group difference in the parental response change over time was com-

pared using mixed effect regression. Each regression included time (12

versus 36 months), group, and time‐by‐group interaction as fixed

effects. To account for intrasubject and intrafamily correlation, nested

random effects that allow for varying intercepts for each subject

within a family were included in the models. For the significant out-

comes, we repeated the same model in the subset of the participants

who completed both 12 and 36‐month infant behavior questionnaires

to ensure that the results were not driven by participants with missing

values at either time point.

Three parent trait variables (genetic essentialism, genetic knowl-

edge, and tolerance of ambiguity) were examined as moderators in

relation to the 17 parent responses; genetic essentialism was signifi-

cantly associated with 6 and 13 outcomes at 12 and 36 months,

respectively, and considered as an independent variable as well as in

interactions with group in models.
3 | RESULTS

A total of 158 parents of 94 unique children agreed to participate in

this study. Table 3 shows enrollment data of children by diagnostic
group and sex. Of those who did not agree to participate in this ancil-

lary study, a greater relative proportion received pathogenic prenatal

test results. The clinical indication for undergoing the CMA was

known from the Wapner study enrollment. As shown in Table 4, in

55% with pathogenic results, prenatal microarray testing was con-

ducted because of an ultrasound anomaly. In those who received

VUS and normal/LB results, the most common reason for prenatal

microarray testing was advanced maternal age (42% and 50%, respec-

tively) (Table 4). Because parents of only 11 children with pathogenic

results agreed to participate in this study, the pathogenic group was

not included in analyses. This reduced the number of parents by 20

so that analyses were based on the 138 parents of 83 unique children

from the VUS and normal/LB groups.

As represented in Table 5, the majority of participants were mar-

ried, white/Caucasian, and not Hispanic/Latino. The average age was

38.1 years. There were no CNV return result group differences in

demographic variables (eg, age, marital status, race, ethnicity, educa-

tion level, offspring sex) (all Ps > .16).
3.1 | Distribution of parent and child outcomes

Table 6 shows average values for parent report of child behavior,

parenting competence, attachment, perceived child vulnerability, and

parent mood at 12 and 36 months. On average, parents rated their

children as competent and without many problems and had minimal

levels of distress (see Table 2 for details on assessments used).
3.2 | Child outcomes by CNV results returned group
status

Across 6 surveys of parental perceptions of child development and

attachment to the child, there was 1 significant main effect of group

status related to outcomes. Compared to the normal/LB group, par-

ents in the VUS group rated their child as less competent on the

BITSEA scale at 12 months (β = −1.66, P = .04) though not 36 months

(P = .37) (see Figure 1). For the BITSEA competence scale, the of‐

concern cutoff point is scores <11, indicating the presence of a

socioemotional competency delay. A lower score reflects less compe-

tence.34 At 12 months, VUS parents' ratings of their children were at

the cutpoint, indicating minimal expected competence (11 on the

scale) judged in the clinical range. Data show that health care profes-

sionals will refer approximately 7% of these children for further psy-

chosocial evaluation.35
3.3 | Parent views of child outcomes by CNV results
returned status over time

Both the normal/LB and VUS groups increased in ratings of child com-

petence on the BITSEA from 12 to 36 months (β = 2.61, P < .0001, and

β = 4.12, P < .0001, respectively), though the VUS group showed a sig-

nificantly larger increase compared to the normal/LB group (β = 1.51,

P = .05) (Figure 1).



TABLE 2 Description of instruments

Instrument Description Reference

Maternal Postnatal
Attachment Scale
(MPAS)

A 19‐item self‐report questionnaire that measures feelings of
attachment toward a child. Questions are scored on a 3, 4,
or 5‐point scale, with a higher score indicating a greater
sense of attachment. In additional to a total score, there are
subsets of quality of attachment, absence of hostility, and
pleasure of interaction. The MPAS has good internal
consistency and reliability.

Condon, J. T. and C. J. Corkindale (1998). The assessment of
parent‐to‐infant attachment: Development of a self‐report
questionnaire instrument. Journal of Reproductive and
Infant Psychology 16(1): 57‐76.

Brief Infant‐Toddler
Social and Emotional
Assessment (BITSEA)

A 42‐item parent‐report measure comprising 2 scales: 11
items assess socioemotional competence and 31 items
assess problems. Parents rate each item on a 3‐point scale
(0 = not true/rarely, 1 = somewhat true/sometimes, 2 = very
true/always). The range of scores is 0 to 33 for competence
and 33 to 93 for problems. The BITSEA has demonstrated
good construct validity and clinical validity in discriminating
children with clinically significant problems from matched
control children

Carter, A. S., et al. (2004). Assessment of young children's
social‐emotional development and psychopathology:
recent advances and recommendations for practice.
Journal of Child Psychology and Psychiatry 45(1): 109‐
134. Briggs‐gowan, M. J., et al. (2002). Brief Infant‐Toddler
Social and Emotional Assessment (BITSEA) manual, version
2.0.

Vulnerable Child Scale
(VCS)

A 16‐item parent‐report measure of parental perceptions of
child vulnerability. Scored on a 4‐point scale ranging from 1
to 4 (definitely false, mostly false, mostly true and definitely
true). Two items are scored in the reverse direction. Total
scores range from 16 to 64, with lower scores reflecting
higher perceived vulnerability. The VCS has good validity and
internal reliability, with an alpha reported to be. 75.

Forsyth, B. W., et al. (1996). The child vulnerability scale: an
instrument to measure parental perceptions of child
vulnerability. J Pediatr Psychol 21(1): 89‐101.

Profile of Mood States
(POMS)

A 65‐item self‐report measure of 6 different affective states:
anger/hostility, tension/anxiety, depression/dejection,
vigor/activity, fatigue/inertia, and confusion/bewilderment.
Each item is rated on a scale of 0 (not at all) to 4 (extremely).
Scores range from 0 to 260, with higher scores indicating a
greater level of distress. The depression subscale consists of
15 items, with a range of scores from 0 to 60. Internal
consistency is reported at 0.63 to 0.96 Cronbach alpha
rating.

McNair, D. M. (1971). Manual profile of mood states.
Educational & Industrial testing service.

Parenting Sense of
Competence Scale

A 16‐item self‐report measure of parental competence in
satisfaction and efficacy. The satisfaction section examines
the parents' anxiety, motivation, and frustration, while the
efficacy section assesses the parents' competence,
capability levels, and problem‐solving abilities in their
parental role. A higher score indicates a greater sense of
parenting competence.

Gibaud‐Wallston, J., & Wandersman, L. P. (1978). Parenting
sense of competence scale. Lawrence Erlbaum Associates.

Chicago

Golombok Rust
Inventory of Marital
States (GRIMS)

A 28‐item self‐report measure assessing the quality of a
relationship between a man and woman who are married or
living together. Each item is scored on a 4‐point Likert scale
ranging from 0 to 3 (strongly disagree, disagree, agree,
strongly agree). A higher score indicates a more problematic
relationship. The GRIMS has good validity and reliability (.90
for women and. 92 for men).

Rust, J., et al. (1986). The golombok rust inventory of marital
state (GRIMS). Sexual and Marital Therapy 1(1): 55‐60.

Disclosure of Results to
Others

A 5‐item self‐report measure determining to whom, if anyone,
an individual disclosed their health results.

Ashida, S., et al. (2009). Disclosing the disclosure: Factors
associated with communicating the results of genetic
susceptibility testing for Alzheimer's disease. Journal of
health communication 14(8): 768‐784.

Secrecy About Results A 5‐item self‐report measure of an individual's attitude toward
disclosing a health diagnosis. Each question is rated on a 6‐
point Likert scale from 1 (strongly agree) to 6 (strongly
disagree). A higher score corresponds to an endorsement of
secrecy. The SAR has good validity, with an alpha of. 71.

Link, B. G., et al. (1989). A modified labeling theory approach
to mental disorders: An empirical assessment. American
sociological review: 400‐423.

Decision Satisfaction
Scale

A 10‐item self‐report measure assessing levels of satisfaction
about a decision. Each item is answered on a 5‐point Likert
scale from 1 (strongly disagree) to 5 (strongly agree). A
higher score indicates a more positive attitude toward the
decision.

*Sainfort F, Booske BC. Measuring postdecision satisfaction.
Med Decis Making 2000;

20:51061. AND O’Connor AM. Validation of a
decisional conflict scale. Med Decis
Making 1995; 15:25‐30.

Revised Scale for
Ambiguity Tolerance
(RSAT)

A 20‐item self‐report measure for the capacity for tolerating
ambiguity. Each item is answered with true or false. The
questionnaire is scored for high ambiguity tolerance. The
RSAT has excellent reliability (.86) and validity.

Mac Donald Jr, A. P. (1970). Revised scale for ambiguity
tolerance: Reliability and validity. Psychological reports
26(3): 791‐798.

Genetic Essentialism A 6‐item self‐report questionnaire measuring participant's
thoughts about his/her genetic makeup. Each question is
rated on a 4‐point Likert scale (1 = strongly disagree;
4 = strongly agree). Cronbach alpha was .76 among N = 70
people with epilepsy in a baseline survey.

Klitzman, R., Appelbaum, P. S., Fyer, A., Martinez, J., Buquez,
B., Wynn, J., & Chung, W. K. (2013). Researchers' views on
return of incidental genomic research results: qualitative
and quantitative findings. Genetics in Medicine, 15 (11),
888‐895. AND Phelan, J. C. (2005). Geneticization of

(Continues)
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TABLE 2 (Continued)

Instrument Description Reference

Deviant Behavior and Consequences for Stigma: The Case
of Mental Illness*. Journal of Health and Social Behavior,
46(4), 307‐322.

Genetic Knowledge Created for purpose of this study

TABLE 3 Enrollment of child by group

Group Not Enrolled (%) Enrolled (%) N

Pathogenic 16 (59.3%) 11 (40.7%) 27

VUS 28 (44.4%) 35 (55.6%) 63

Normal/likely benign 21 (30.4%) 48 (69.6%) 69

Total 65 (40.9%) 94 (59.1%) 159
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3.4 | Parent report of well‐being by CNV return
group status

At the 12 and 36‐month assessments, there were no group differ-

ences in parent mood, marital satisfaction, or parenting sense of com-

petence (all Ps > .07). However, at 36 months, parents who received

VUS compared to normal/LB results reported significantly less satis-

faction with their decision to undergo genetic testing (β = −3.25,

P = .02).
3.5 | Parent trait genetic essentialism

In the group of parents who received VUS results, mothers versus

fathers reported significantly higher scores of genetic essentialism

(P = .05). Genetic essentialism was not a significant moderator in any

outcomes of child development or parent mood (all Ps > .11).
4 | DISCUSSION

This study investigated the potential impact of ambiguous versus nor-

mal/LB prenatal CMA results on parental perceptions of infants'/

toddlers' emotional and social development, parenting competence,

parent attachment, and self‐reported parental mood at 12 and

36 months of the child's age. Our limited significant findings in the

context of extensive examination of possible altered parent and child

outcomes indicate little effect of CMA VUS results on parents'
TABLE 4 Child sex and medical history by group

Pathogenic 11/94 (12%) VUS

Child Sex Child Sex

Female 4 (36%) Female

Male 7 (64%) Male

Reason for microarray test Reason for microarray tes

Ultrasound anomaly 6 (55%) Ultrasound anomaly

Family history 1 (9%) Family history

Maternal age 3 (27%) Maternal age

Positive serum screen 0 (0%) Positive serum screen

Other 1 (9%) Other
perception of their child's development or their own well‐being.

Parental report of infant competency was lower in VUS parents com-

pared to the normal/LB group at 12 months, though this difference

was not present at 36 months. From 12 to 36 months of age, both

groups reported increases in child competence, though the rate of

increase was higher for the VUS group. However, our results show

that at 36 months, though not at 12 months, parents who received

VUS versus normal/LB results were significantly less satisfied with

their decision to undergo prenatal CMA testing—perhaps because by

that time point, they viewed their children as developing typically

and regretted having gone through a period of enhanced surveillance.

Traits such as genetic essentialism, genetic knowledge, and tolerance

for ambiguity did not moderate the findings.

Previous qualitative studies examining the impact of prenatal

CMA testing have shown that parents who receive CMA VUS results

often report anxiety about their infant's development and behav-

ior.19,20,33,36 Similarly, a recent study investigating parental experience

of abnormal fetal ultrasound screenings described that anxiety about

the results continued well after the results were proven to be false‐

positives, and suggest that genetics is not unique in providing ambig-

uous prenatal information.37 Driven by fear of the potential bad out-

comes that may be associated with an uncertain genetic result,

parents may anxiously overexamine their infant's behavior, finding

deficits when there are none. One prior study by Briggs‐Gowan et al

found that levels of parental worry/anxiety were associated with

concerning BITSEA scores on both the social and emotional problem

scale and social and emotional competency scale. Most children with

worried/anxious parents (62.2%) also had BITSEA scores that fell out-

side of the normal range.38 Interestingly, our results showed a lack of

differences in self‐reported parental mood between parents receiving

VUS and normal/LB results. We expected parental mood, specifically

parental stress and anxiety from the anticipation of a damaged child,

to be significantly different between the normal/LB and the VUS

groups. This was not the case, and no measure of parental mood
35/94 (37%) Normal/Likely Benign 48/94 (51%)

Child Sex

16 (46%) Female 26 (54%)

19 (54%) Male 22 (46%)

t Reason for microarray test

7 (20%) Ultrasound anomaly 9 (18%)

3 (9%) Family history 3 (6%)

15 (42%) Maternal age 24 (50%)

7 (20%) Positive serum screen 6 (13%)

3 (9%) Other 6 (13%)



TABLE 5 Demographics of parent participants

Mean (SD) or % N

Age (years)a 38.1 (5.5) 138

Gender

Female 62% 80

Male 42% 58

Relationship status

Married or living as married 96% 133

Married, not living together 1% 1

Never married 3% 4

Race

American Indian 1% 1

Asian/Pacific Islander 6% 8

Biracial 3% 4

Black/African American 4% 6

White/Caucasian 80% 111

Other 6% 8

Ethnicity

Hispanic/Latino 12% 17

Not Hispanic/Latino 88% 121

Education level

Bachelors 28% 38

Doctoral 19% 26

High school graduate/GED 1% 3

Master's degree 36% 49

Other 16% 22

aAt time of first survey completion.
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was significantly different between any of the groups which may be

because of our use of general versus specific stress scales and may

benefit from qualitative interview of the impact of prenatal VUS

results on parents.
TABLE 6 Means of parent report outcome variables at 12 and 36 month

12M

Variable N Mean
S
D

BITSEA: Problem Scale 91 8.3

BITSEA: Competency Scale 91 12.0

Parenting Sense of Competency: Subscale 1 91 38.0

Parenting Sense of Competency: Subscale 2 91 40.2

Parenting Sense of Competency: Summary 91 78.2 1

Maternal Postnatal Attachment Scale: Quality of Attachment 91 36.6

Maternal Postnatal Attachment Scale: Absence of Hostility 91 17.2

Maternal Postnatal Attachment Scale: Pleasurable Interaction 91 22.0

Vulnerable Child Scale 90 50

Profile of Mood States: Tension 90 15.9

Profile of Mood States: Depression 90 20.4

Profile of Mood States: Anger 90 16.2

Profile of Mood States: Fatigue 90 15.6

Profile of Mood States: Confusion 90 13.3

Profile of Mood States: Vigor 90 23.3

Profile of Mood States: Total Mood Disturbances 90 58.1 3

Decision Satisfaction Scale 90 42.7
The significant group difference in parental perception of infant

competency observed at 12 months was not present at 36 months,

a period when both groups of parents increased their judgment of

their child's competence. Consistent with previous studies highlighting

parental coping in those who underwent CMA, we suggest that paren-

tal perception of infant competency (measured by BITSEA) is less

affected by VUS‐related vigilance as the infant progresses in develop-

ment.33 As additional developmental milestones are reached normally,

parents become less anxious, scrutinize their child less, and, therefore,

report children as more competent. Despite uncertain genetic results,

parents of young children with VUS results remain hopeful about their

child's normal development as the child demonstrates typical levels of

competence.39 Similar to another study, which surveyed parents

6 months after the receipt of CMA results, in our study, at 36 months,

parents who received VUS results were less satisfied with their deci-

sion to undergo CMA testing.36 We suggest that this dissatisfaction

is because of frustration with the current limitations in our ability to

interpret genetic results, the influence of ambiguity on parental psy-

chology and parenting styles promoting “watchful waiting,”36 and

parents' increased sense of child competency as the child gets older.

As the child appears more competent, parents may feel regretful of

the unnecessary stress and anxiety brought about by the testing pro-

cess. This experience should be considered as we decide which results

to return from prenatal exome and genome sequencing and try to

optimize the utility of the test.
4.1 | Limitations

Our research study has some limitations. As with a large proportion of

genetic studies, our cohort of parents was demographically homoge-

nous. The majority of participants were married or living as married,

self‐reported as white/Caucasian, and had received at least a col-

lege‐level education. Future research should investigate parental
s

36M

td
ev Minimum Maximum N Mean

Std
Dev Minimum Maximum

4.5 2 26 101 8.9 4.1 3 26

3.2 4 18.8 101 15.1 2.4 7.8 19

5.8 21 48 100 36.5 6.2 14 48

6.5 25 54 100 39.5 6.9 18 54

0.6 46 101 100 76.1 11.6 32 102

3.1 25 42 100 35.8 3.3 24 42

1.5 11 20 100 16.2 1.6 11 20

2.1 16 25 100 21.6 2.1 16 25

5.4 35 58 100 51.1 5.3 32 59.7

6.0 9 37 98 15.9 5.9 9 41

9.6 15 62 98 20.0 8.8 15 70

6.8 12 45 99 16.0 6.0 12 43

6.2 7 35 98 14.6 5.6 7 35

4.4 7 29 98 12.5 3.7 7 29

6.8 9 40 98 23.4 7.1 8 38

1.6 19 191 98 55.6 29.8 16 209

6.3 18 50 98 41.9 6.9 19 50



p=0.04 p<0.0001

p<0.0001

FIGURE 1 Scores on parent report of child
competency through BITSEA. A higher score
indicates greater perceived competency.
There is a significant difference in
competency scores between VUS and
normal/LB parents at 12 months (P = .04),
though not 36 months (P = .37). Scores for the
normal/LB and VUS groups increased from 12
to 36 months (β = 2.61, P < .0001, and
β = 4.12, P < .0001, respectively), but the VUS
group's scores increased significantly more
(P = .05) [Colour figure can be viewed at
wileyonlinelibrary.com]
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perceptions in other racial and socioeconomic backgrounds, especially

given that VUS results are currently more common in other racial/eth-

nic groups.40 As providers gained experience with CMA testing, their

counseling, explanations, and setting of expectations may have

changed over time. We did not record any parental biological markers

of stress, which could have been used to further quantify our parental

stress and anxiety tests, a subtest of the broader mood state test. We

only had 11 children in our pathogenic CNV‐returned results group

and, therefore, were unable to include this group in statistical analy-

ses. The small sample size of this study is an additional limitation. As

a result, further corroboration is needed for our findings.

4.2 | Future clinical significance

Our minimal positive findings suggest that receipt of CMA VUS

results has limited impact on the parental perception of children's

development and behavior by 36 months of age. However, we high-

light some potential improvements for the clinical management of

prenatal CMA testing based on the perceptions of child competency.

Parents receiving VUS results initially perceived their infants as less

competent at 12 months. Previous studies suggest that parents of

children with VUS results may engage in additional medical and

developmental surveillance during early life stages.33 We suggest that

parents receiving VUS results be encouraged to follow up with a

pediatric geneticist who can help manage expectations, provide

feedback, and alleviate some of the surveillance burden that parents

experience. When possible, setting expectations about the large

fraction of VUS that are reclassified to likely benign/benign can be

helpful. More guidance should be provided to assist parents through

coping with ambiguous results, monitoring how parents are coping

with the results, how they are perceiving their child's development,

and providing updates on the classification of the CNV as new data

are available.

It is somewhat concerning that at 36 months postpartum, parents

with VUS results felt greater dissatisfaction with the decision to

undergo testing, although the frequency of VUS in the study overall

was low. It would be of interest to determine whether decision satis-

faction continues to change over time for these parents. Efforts
should be made to allow parents to indicate how much detail they

would like to receive about CMA and other genomic results, and

whether they want to know about inconclusive findings. Education

in the pre‐test counseling sessions is critical to providing parents with

the autonomy, knowledge, and anticipation of possible outcomes to

make the right decision for themselves. This educational session can

be challenging if coincident with provision of a serious anatomic fetal

anomaly and, for some patients, supplementary educational materials

including videos or written materials may be helpful.

Chromosome microarray is the first application of large‐scale

genomic analysis in the prenatal setting. Large‐scale analysis will be

offered to more as cell‐free CMA testing becomes routinely per-

formed on maternal blood. Much more expansive genomic analysis,

including large panels, exome, and genome sequencing, will result in

parents facing similar challenges of ambiguity, though with much more

data, and the challenges may become even more complex.
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