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Abstract

Objectives: To measure parents’ perceptions of child vulnerability, as a precursor to developing
a population-scale mechanism to mitigate harm after.

Study design.—Participants were parents of infants aged 2-5 months. PPCV was assessed with
an adapted version of the Vulnerable Baby Scale.25 The Scale was included in the script for a
larger study of telephone follow-up for two NBS samples (carrier status for cystic fibrosis or sickle
cell). A comparison sample was added using a paper survey with well-baby visits to an urban/
suburban clinic.

Results.—Sample sizes consisted of 288 parents in the CF group, 426 in the SCH group, and 79
in the clinic comparison group. PPCV was higher in the SC group than CF group (p< 0.0001), and
both were higher than the clinic comparison group (p< 0.0001). PPCV was inversely correlated
with parental age (P < .002) and lower health literacy (p < 0.015, SCH group only).

Conclusions.—Increased PPCV appears to be a bona fide complication of incidental NBS
findings, and health care professionals should be alert to the possibility. From a public health
perspective, we recommend routine follow-up after incidental findings, to mitigate psychosocial
harm.
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Newborn blood screening (NBS) is one of the best examples of successful bench to bedside
research. Over 6,000 infants in the United States are diagnosed annually with dozens of
potentially fatal, relatively rare, conditions.! As whole genome sequencing moves towards a
reality for disease identification in the newborn period, it has garnered the interest of
parents, clinicians, researchers and industry leaders as a public health screening tool.2: 3
Despite the lives NBS saves and the promise the future holds, there are still concerns about
the psychosocial implications of incidental findings, such as false positive results and carrier
statuses, that accompany NBS. These concerns from policy experts and investigators alike
do not diminish the value of scientific advancement, but do encourage us to be thoughtful
about how new technologies are implemented in NBS policy and practice.

Vulnerable Child Syndrome is a commonly mentioned complication after NBS,*-8 although
much of the VCS literature focuses on health conditions rather than test results. Originally
described by Green and Solnit in 1964,% VCS includes a suite of parental behavioral and
psychological issues following a perceived health threat to a child. Despite recovery from
illness, VCS families may develop common symptoms, including parental overprotection,
separation difficulties, poor school performance, challenges with limit setting, and
preoccupation with somatic complaints like abdominal pain or headaches.10-13 \VCS and the
resulting overconcern contribute to increased utilization of health care services!1-16 and
increased dissatisfaction with health services rendered.16

The original description referred to a history of “life-threatening illness,” and risk for VCS
is correlated with severity of the child’s original illness.% 11. 12 17-20 However, VCS has also
been associated with relatively benign conditions like feeding difficulties,21: 22
gastroenteritis,23 croup,2 and jaundice.2>=27 Other risk factors for VCS include the child
being the first born,28 having a history of prematurity,18: 28. 29 or being a product of a high-
risk pregnancy or deliveryl0: 12, \/CS is also thought to be partially modulated by other
parent and child experiences,!2 including postpartum depression.30: 31

VCS has been observed after false-positive NBS for metabolic disorders,? & newborn
hearing screening,® and infant screening for type 1 diabetes risk.” VCS may also occur after
NBS for cystic fibrosis (CF) identifies heterozygous or “carrier” status, as observed in a
modest sample in previous research.4, we suspect VCS will continue to be mentioned as a
complication in policy discussions, given the expansion of molecular genetic methods in
NBS and elsewhere. The chief opportunity for this research is afforded by incidental finding
of carrier status for CF or sickle cell hemoglobinopathy. A VCS measure was included in the
Wisconsin Project on Improvement of Communication Process and Outcomes after
Newborn Screening,32-41 but the VVCS results were provocative enough that we postponed
this report until we had a comparison sample from a more general pediatric population.
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Diagnosis of VCS depends on clinical judgment, but in research there have been a variety of
methods to operationalize the concept.4~7: 931 42-44 prior investigations have assessed
“parental perception of child vulnerability” as with Forsyth’s Child Vulnerability Scale.1>
The first iteration of this tool asked for 5-point responses to 12 statements such as “In
general my child seems less healthy than other children” and “I often think about calling the
doctor about my child.” This was revised to 8 items with a 4-point response scalel® and later
validated.?! Kerruish and colleagues developed the Vulnerable Baby Scale (VB Scale) by
modifying Forsyth’s survey statements to be appropriate for young infants.2> We made slight
modifications to Kerruish’s text to fit with our study (Table I; available at www.jpeds.com).

The current report compares analyses of VB scale data from three parallel groups of parents
of infants between 2 and 5 months of age. In the first two groups, the infants had been
identified by NBS as carriers for SCH or CF. The third group is referred to as the “clinic-
comparison group,” and consisted of parents who presented for a 2 or 4 month well check at
a primary care clinic. Institutional Review Board approvals were obtained separately for the
NBS groups and clinic comparison group.

The SCH and CF groups were recruited as part of the Wisconsin Project on Improvement of
Communication Process and Outcomes after Newborn Screening, 324! which was conducted
from 2008 to 2012 in collaboration with Wisconsin’s NBS laboratory. For the SCH group,
infants had an NBS result showing fetal, adult, and sickle hemoglobin (the “FAS” result).
For the CF group, infants’ NBS result showed elevated immunoreactive trypsinogen and a
single mutation in the CFTR gene, followed by a normal result on the infant’s sweat chloride
testing.

Recruiting procedures have been detailed elsewhere, including design elements meant to
mitigate recruitment bias.32 41 In brief, NBS results were assessed until we identified 1669
infants with SCH carrier status and 800 infants with CF results. Then, ten types of exclusion
criteria were applied from NBS records and a call to the primary care provider (PCP): (1)
more than one abnormality found on NBS, (2) NBS was a repeat specimen, (3) gestational
age under 35 weeks, (4) calendar age at collection was more than 180 days, (5) a PCP could
not be identified, (6) the infant spent more than 5 days in hospital, (7) the infant was re-
hospitalized after discharge, (8) the infant was being evaluated for another serious medical
condition, (9) the parent(s) reportedly needed a language interpreter, and (10) infants in the
CF group had a positive sweat chloride test.

As described elsewhere,32 41 consent occurred over a 5-stage process that was carefully
designed to mitigate distress for parents who had forgotten about the NBS results or were
never informed. Parents were offered the chance to decline the research aspect of the project
but still discuss the NBS result with us.

Clinic comparison group—When PPCV data from the NBS groups were higher than
expected, we sought permission from a local primary care clinic to gather a comparison
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sample. The clinic served a diverse population across an urban and suburban region. The
clinic’s desk staff were given a stack of large envelopes that each contained a printed survey
packet (described below). The desk staff were asked to give the envelope to parents who
were presenting to the pediatrics and family medicine groups for a 2- or 4-month well check,
as identified on the clinic schedule. On the cover of the envelope was printed a message
describing the research, assuring parents that they were not obligated to participate, and they
could withdraw at any time. All returned envelopes were opened later and abstracted to the
study database, regardless of how complete they were.

Data collection

NBS groups—Trained nurses or a genetic counselor were scheduled to telephone the
parents when their infants were between 3 and 5 months old, to allow for at least one well-
baby visit.

As detailed elsewhere,32 41 callers followed a standardized script that was initially designed
for clinical follow-up, and then structured to facilitate research data collection. The core
clinical topics in the script were verifying receipt of the NBS result, checking for
misunderstandings, and providing initial counseling. Embedded in the script was an adapted
version of the VB Scale (Table 1).2° Health literacy was evaluated with a three-item
screening tool adapted from Chew et al.#°

To ensure that the dataset reflected multiracial diversity, we asked an open-ended question,
“How would you describe your race or ethnicity?” We then abstracted responses as closely
as possible into one or more binary fields for each of the standard NIH categories.*6 For
example, if a parent described his/her ethnicity as “mixed Latino and White” then the
database fields for Hispanic and White were flagged (per NIH protocol, Spaniards were
classified as Hispanic, and Brazilians as White).

Calls were digitally audio-recorded, and transcribed without names or other identifying
information. Interviewers kept written notes during the call, and both notes and transcripts
were abstracted for fixed answers and other fields in the project database.

Clinic comparison group—The paper survey instrument included our adapted version of
Kerruish’s VB scale2 (Table 1). Also included were the open-ended race/ethnicity questions
and the Chew health literacy questions.*> Several other questions were added to confirm the

diverse nature of the sample, because we knew in advance that the clinic-comparison sample
size would be smaller than the SCH and CF groups.

Statistical Analyses

Analyses were done as applicable for the nature of each variable (t-test, correlation, the
Wilcoxon rank-sum test, or logistic and ordinal modeling) using JMP software (SAS
Institute, Cary, NC).

Missing data were addressed with 2 approaches. For the main analysis, records were
excluded if a VB scale item was missing. However, in the NBS study we were aware of
anecdotes where the VB scale would be interrupted because the parent was growing
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impatient to get back to the NBS result. We therefore conducted a secondary analysis with
prorated scores from any parent who answered at least 7 of the 10 VB scale items. A third
analytic approach was added post hoc, as will be described in the Results section.

As reported elsewhere 4! the NBS study’s final sample consisted of 426 in the SCH group
and 288 in the CF group (respective participation rates 34.8% and 49.6% of eligible
parents). For the primary care clinic sample it unfortunately is not possible to know how
many parents were approached by the desk staff, but based on the printed supply and the
clinic schedule we estimated a ratio of about 20% of eligible parents were approached and
half of those envelopes were returned. Of these surveys, 7.1% were returned too incomplete
for analysis, and there was no way to discern if the parent chose to stop or if the survey had
been interrupted by the arrival of the clinic provider. The final sample size for the
comparison group was 79.

Characteristics of the 3 groups are given in Table 2, with the CF and SCH columns adapted
from previous reports.4

VB scale scores

The distributions of PPCV data are depicted in the Figure, with histogram columns
connected into lines for ease of comparison.

Means for PPCV data are shown in Table 3, for three parallel analyses. The top row depicts
the main analysis, of parents who completed the entire VB scale. PPCV was significantly
greater for the SCH group than the CF group, which in turn was greater than for the clinic
comparison group (both p < 0.0001 on t-test). The second row depicts the “at least 7 items
completed” analysis described in the Methods section, prorated for comparison with the 10-
item data in the top row. The significant differences were maintained (SCH group > CF
group > clinic comparison group, both p < 0.0001 on t-test).

The bottom row of Table 3 presents an ad hoc analysis that was added within the first few
weeks of the NBS study, when we realized from many parent comments that there was an
applicability problem with question #9: If you left the baby with someone else how likely
would you be to make contact with that person while you were away?” In their responses,
many parents mentioned that they would use their mobile phone to text or telephone the
babysitter. We inferred that the increased availability of mobile phones might lead to a
secular trend that would artefactually seem like an increase in VVCS since earlier studies.
15,21, 25-217, 43 Nevertheless, we decided to continue asking the question and analyze the
PPCV data both with and without the babysitter question. We also carried forward this
analytic approach for the clinic comparison group. Removal of item #9 did not change the
significant differences (SCH group > CF group > clinic comparison group, both p < 0.0001
on t-test).
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Characteristics associated with perception of vulnerability

Inferential analyses were conducted in aggregate and for each of the three groups. In the
SCH group, the screen for health literacy problems was associated with a slightly higher
PPCV (28.8 versus 27.7, p < 0.015 on t-test). PPCV data in both groups were correlated with
younger parental age (for SCH group, r = - 0.17, p < 0.002; for the CF group, r =-0.20, p <
0.002).

Race/ethnicity factors had a variety of associations with PPCV, but many factors covaried.
With stepwise regression, PPCV data in the CF group were inversely associated with black-
race-only for the infant (O.R. 0.23, p < 0.001). For the SCH group, VB scale data were
inversely associated with white-race-only for the parent (O.R. 0.33, p < 0.001).

Within the clinic comparison group, no significant associations were detected.

Individual items from the VB scale

As mentioned above, our anecdotal experiences with item #9 led us to analyze data with and
without that item. We then decided to report responses to all of the individual items, in order
to document the individual attitudes within the PPCV construct. The resulting analyses are
listed in Table 4. Although the data are nonparametric, the inter-group differences are
qualitatively analogous to those of the summary scores.

DISCUSSION

Many child health professionals encounter families with high PPCV. These families often
improve, but some family members develop persistent VCS symptoms or long-term issues
with the health care system. VCS is especially regrettable when NBS identifies carrier

status, because carrier results are incidental findings during the effort to reduce disease
morbidity and mortality, and have limited health implications. When we evaluated parents of
carrier infants, the PPCV data were considerably worse than we were expecting based on
previous samples.2L: 25 Our clinic comparison group also had worse PPCV than previous
reports, but significantly less so than our two NBS groups. Thus, increased PPCV (and likely
some cases of VCS) appears to be a bona fide complication of carrier identification after
NBS.

Telephone and paper methods were used in the NBS and comparison groups respectively,
but both approaches have also been reported in the literature. 7. 15-28,42-44 The comparison
group was smaller than the two NBS groups because this ad #oc collection was not budgeted
in our grants, but there were enough participants to allow statistical significance. The NBS
groups’ recruiting methods were designed to mitigate bias,32: 35 41 put we recognize that
some parents’ voices may not have been represented. Even so, the effect sizes were strong
enough that significance would have been maintained despite substantial increases in
response rate with limited PPCV. Further study may be needed to discern how modest
numeric differences in PPCV relate to the number of children with clinical differences in
VCS.
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Our experience with this analysis has convinced us of a serious need for more research into
PPCV and VCS in the general population. Previous reports suggest that PPCV may be
elevated in between 3—10% of parents in the general community.19: 21, 25, 43,44 | ppCV/ has
increased broadly (as suggested by our small comparison group), there may be society-scale
effects on child development, health care and expenditures. Further research may also help
clinicians and health systems to identify families where PPCV has increased to worrisome
levels, and has actually led to psychological problems and unnecessary utilization. On the
other hand, we may need to re-calibrate the PPCV construct. For example, the convenience
of mobile phones may have influenced VB scale item #9, and it is difficult for us to judge
whether texting a babysitter reflects unnecessary anxiety. The significant differences for item
#9 seemed to parallel the overall differences, including items such as perception of health or
desire for health care visits.

However, this report was not originally intended to address the ongoing debate about VCS
and measurement. Instead, we intended to implement a straightforward set of questions in a
real-world public health setting. Given that success, the next step is to consider implications
for clinical care and NBS policy.

The clinical implication is that health care providers should be aware of the possibility for
increased PPCV and VCS after NBS. Some parents may be at greater risk. Younger parents
in both NBS groups had higher PPCV. Lower health literacy may also be a risk factor,
although we are unsure why this association was limited to our SCH group. Racial/ethnic
disparities in PPCV were hard to interpret succinctly, and call for further investigation.

Clinical awareness may not be enough, because there may be problems with providers’
communication after NBS.37 We therefore recommend that NBS programs conduct follow-
up and provide skilled counseling as a public health measure for families of infants with
incidental and false-positive findings.

Routine follow-up after incidental findings would be consistent with what we have called a
“safety approach” to ethical, legal, and social implications (ELSIs).3"- 41 In a safety
approach to ELSIs, NBS programs assume responsibility for incidental findings and the
resulting psychosocial complications. A safety approach contrasts with ELSI scholarship
grounded in questions about whether certain screening tests should be implemented. We
anticipate continued expansion regardless of ELSIs, because NBS is so dominated by
disease advocacy groups and attractive technological advances. We believe that the next step
for NBS and bioethicists is to collaborate on mitigating VCS and other psychosocial
complications. Anyone worried about the cost of follow-up programs should consider how
the cost-benefits of expanding NBS outweigh the modest personnel costs of telephone
counselors.

Our results may be relevant for the longstanding debate about withholding carrier results
from parents, as has been explored in literature too extensive to cite here. We acknowledge
that commentators who favor withholding may cite our data in their arguments. However, we
have argued for a population-scale mechanism for follow-up after carrier identification, to
ensure “more good than harm.”41. 47, 48

J Pedliatr. Author manuscript; available in PMC 2021 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Farrell et al. Page 8

Some critics might argue that NBS policy does not need to be concerned about VCS,
because our analysis only measured PPCV. In our view, however, the precise incidence of
VCS is not so relevant as the fact that VCS is at least partially iatrogenic. Families with risk
for VCS after incidental NBS findings are paying part of the price for other infants’ early
identification.

In summary, increased PPCV and risk for VCS are bona fide risks of incidental findings
after NBS identifies carrier status for CF or SCH. Health care professionals should be aware
of this risk, but we also recommend public health follow-up for safety reasons. There is a
need for re-investigation of PPCV, VCS, health care, and child development.
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SCH
sickle cell hemoglobinopathy
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cystic fibrosis
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newborn screening
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vulnerable child syndrome
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VB Scale refers to our adaptation of Kerruish’s Vulnerable Baby Scale?®
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