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Psychosocial effects in parents and children 12 years
after newborn genetic screening for type 1 diabetes

Nicola J Kerruish*,1, Dione M Healey2 and Andrew R Gray3

Little is known about the psychosocial consequences of testing newborns for genetic susceptibility to multifactorial diseases.

This study reports quantitative psychosocial evaluations of parents and children 12 years after screening for type 1 diabetes

(T1D). Two parent-child cohorts participated: children at increased genetic risk of T1D and children at low genetic risk. T1D risk

status was determined at birth as part of a prospective study investigating potential environmental triggers of autoimmunity.

Parent measures included ratings of children’s emotional, behavioural and social functioning (Child Behaviour Checklist) and

parenting style (Alabama Parenting Questionnaire). Child self-concept was assessed using the self-description questionnaire

(SDQ1). Statistical analyses were conducted to test for differences between the groups. Twelve years after testing there was no

evidence that knowledge of a child’s increased genetic risk of T1D adversely affected parental ratings of their child’s emotional,

behavioural or social functioning, or impacted upon parenting style. There was no adverse effect upon the child’s assessment of

their self-concept. This study provides important preliminary data concerning longer-term psychosocial effects of incorporating

tests for genetic risk of complex disorders into NBS panels. While it is reassuring that no significant adverse effects have been

detected, more data will be required to adequately inform policy.
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INTRODUCTION

WGS is rapidly being integrated into clinical care. Recently, there have
been suggestions that ‘genomic newborn screening’ could expand and
improve upon existing newborn health care through early diagnosis or
prediction of multiple conditions at the very start of life.1,2 This would
represent a considerable departure from existing NBS paradigms. For
example, NBS currently focuses predominantly on early detection of
rare autosomal recessive metabolic disorders, whereas with WGS it
could potentially include reporting of carrier status, non-metabolic
single gene disorders and disease susceptibilities for common complex
disorders.3 Many scientific questions remain concerning these poten-
tial developments, but there is also debate about whether offering such
comprehensive genetic testing services in childhood is ethically and/or
socially appropriate.4 While there are many issues to consider
(including the child’s future autonomy, confidentiality of medical
data and informed consent), understanding the potential impact that
knowledge of genetic disorders and health risks might have on the
psychosocial wellbeing of parents and children is a key element of such
discussions.4,5 This latter issue is amenable to empirical investigation
and although relatively under-researched, two recent systematic
reviews have assessed the available evidence.6,7 These early data,
largely confined to effects of testing for carrier status or predicting
single gene disorders, suggest that serious impacts on traditional
psychological parameters such as anxiety and depression are uncom-
mon. However, both reviews highlighted the constrained nature
of the data and significant methodological limitations of many studies.
They suggest an urgent need to broaden the scope of research through
addressing responses to ‘genomic’ or ‘susceptibility’ tests, and to
explore some of the more subtle and longer-term effects that genetic

testing may produce in children. These effects may include potential
disruptions to children’s developing identities, and complex family or
social impacts that might initially be best explored using mixed
methods approaches.6,7

The study reported here aims to begin to address some of these
issues in the context of genomic NBS, by providing 12-year follow-up
data for a cohort of children tested at birth for genetic susceptibility
to a single condition, type 1 diabetes (T1D). T1D represents a useful
disease model, both for studying the complex genetic and environ-
mental interactions underlying multifactorial disease development and
for investigating psychological reaction to newborn testing. It has been
the subject of several large-scale longitudinal studies.8,9 The present
study builds upon our previous reports of maternal psychological
reactions in the first year after testing,10 at child age 3 years11 and a
recent qualitative report of parents experiences after 12 years.12 We
report here the quantitative psychological evaluation of two mother-
child groups (increased and low genetic risk) designed to investigate
the potentially complex and time-varying interactions between:
parental perceptions of their child’s risk of T1D, parental concern
regarding their child’s genetic risk, parental rating of their child’s
behaviour, parenting style and the child’s own evaluation of self-
concept.

MATERIALS AND METHODS

Recruitment
Participants were drawn from the Dunedin (New Zealand)-based Key
Environmental Aspects of T1D study (the KEA study) investigating the natural
history of T1D. In the KEA study, 41 infants, 8.2% of those screened, were
found to be at increased risk on the basis of T1D susceptibility genes at HLA-
DRB.10 Increased risk results were disseminated by letter to parents stating that

1Department of Women’s and Children’s Health and Bioethics Centre, University of Otago, Dunedin, New Zealand; 2Department of Psychology, University of Otago, Dunedin,
New Zealand; 3Preventive & Social Medicine, Dunedin School of Medicine, University of Otago, Dunedin, New Zealand
*Correspondence: Dr NJ Kerruish, Department of Women’s and Children’s Health and Bioethics Centre, University of Otago, PO Box 913, Dunedin 9054, New Zealand.
Tel: +0064 3 471 613; E-mail: nikki.kerruish@iotago.ac.nz
Received 23 August 2016; revised 13 November 2016; accepted 24 November 2016; published online 25 January 2017

European Journal of Human Genetics (2017) 25, 397–403
& 2017 Macmillan Publishers Limited, part of Springer Nature. All rights reserved 1018-4813/17
www.nature.com/ejhg

http://dx.doi.org/10.1038/ejhg.2016.190
mailto:nikki.kerruish@iotago.ac.nz
http://www.nature.com/ejhg


their child was at ‘increased risk of developing diabetes…with a one in 16 risk
[6.25%]…compared to the general population risk of one in 300 [ ~ 0.3%]’.
Families were also provided with verbal and written information concerning
T1D, including its management, and that there were no known preventive
measures at the time. The issue of if and when to advise their children of the
test results was not discussed. A full description of the KEA study protocol has
been published elsewhere.10 The KEA study itself ran for 3 years and at this
stage all families of children at increased genetic risk were offered annual
antibody surveillance (appearance of diabetes-related autoantibodies in geneti-
cally susceptible young children is highly predictive of future development of
T1D13). One child subsequently developed single-antibody positivity and was
entered into TrialNet (http://www.diabetestrialnet.org/). No children have
developed T1D to date. (There is a small peak in incidence of T1D for boys
at age 5 years and then a larger one for both sexes around puberty, 10-14yrs.
However, 50% of cases present after age 20 years.)
For the study reported here, two of the original mother-child groups in the

cohort (increased genetic risk of T1D and low risk) involved in the quantitative
assessment of maternal mental state up to one year after testing10 were invited
to participate. (The initial control group who had not undergone any genetic
testing for T1D was not included.) Questionnaires were administered to
mothers and children during home visits or by post, depending upon
participant preference. Nonresponse prompted a follow-up telephone call after
2 weeks.

Study design
The study consisted of a single questionnaire administered to a primary
caregiver of the child (usually the mother, but the father in n= 2 cases) and a
separate questionnaire for the child to complete at age 12 years± 15 months.
Questionnaires were completed simultaneously. In all, 35 of 38 (92%) possible
participants in the increased genetic risk group completed the study, and 65/76
(86%) in the low risk group.

Questionnaires/measures
Parent measures. The parent survey consisted of six sections. Sections 2 and 3
(below) formed part of the previous survey administered to these cohorts at
child age 1 year allowing evaluation of changes over time.

Demographic data. This included age, ethnicity, self-reported health status
(indicated health status on scale from 1 to 5 with 1 being excellent and 5 very
poor) and the presence of any current health problems for both parents. Family
history of diabetes (type 1 or type 2) was recorded and whether the index child
had a first-degree relative with T1D.

Perception of child’s risk of developing T1D. Parents recorded how they
viewed their child’s risk of developing T1D on a 5-point rating scale ranging
from ‘no risk at all’ (1) to ‘certain to develop diabetes’ (5) with an option for
‘uncertain’.

Subjective rating of level of concern about T1D genetic susceptibility test
result. Assessed using two questions concerning how much the parent (1)
thinks and (2) worries about the child’s genetic test result recorded on a 7-point
scale from ‘not at all’ (0) to ‘all the time’ (6).

Disclosure of the genetic test result to the child. Investigated using two
questions concerning (1) whether the child is aware of their genetic test result
(including an option for unsure) and (2) what age the child was told the result
(years).

The Child Behavior Checklist (CBCL/6-18). The CBCL/6-1814 is a widely
used parent-completed checklist assessing children’s emotional, behavioural
and social functioning. It is frequently used as a diagnostic tool for behavioural
and emotional problems such as attention deficit hyperactive disorder, conduct
disorder and childhood depression, and has also been used extensively in a
research context.15,16 It is designed for use with children aged 6-18 and the
syndrome profile utilised in this study consists of 113 questions about child
functioning, scored on a 3-point ordinal scale (0= absent, 1= occurs some-
times, 2=occurs often). The time frame for item responses is the past six
months. The 2001 revision of the CBCL/6-18 is made up of eight syndrome

scales: anxious/depressed (minimum score 0–maximum score 26); depressed
(0–16); somatic complaints (0–22); social problems (0–22); thought problems
(0–30); attention problems (0–20); rule-breaking behaviour (0–34); aggressive
behaviour (0–36). Additionally, a total problem score can be calculated. Raw
scores were used in statistical analysis for this study.

Studies have reported good internal consistency (Cronbach’s alpha coeffi-
cients from 0.71 to 0.97), good inter-interviewer and test re-test reliabilities
(supported by intraclass correlation coefficients of 0.93 to 1.00 for the mean
item scores obtained by different interviewers and reports by parents on two
occasions seven days apart)14,17 Further evidence for construct validity is
extensive, and includes correlations from 0.59 to 0.88 with the Conner’s Parent
Questionnaire (1973) and the Revised Behavior Problem Checklist (Quay
1983).18

The Alabama Parenting Questionnaire (APQ). The APQ is designed to assess
parenting practices across a number of domains. This study employed the
parent measure consisting of 42 items presented with a 5-point Likert-type
endorsement scale. The items are divided into five subscales: Involvement
(minimum score 10–maximum score 50), Positive Parenting (6–30), Poor
Monitoring/Supervision (10–50), Inconsistent Discipline (6–30), Corporal
Punishment (4–20). Other Discipline Practices is not a scale, but provides
information on an item-by-item basis. Internal consistency of subscales has
generally been reported as adequate to good (alphas of 0.54–0.83) although is
lower for corporal punishment (o0.4–0.59). Reported test-retest reliability
coefficients vary from 0.66-0.89.19,20

Child measures
Demographic data. Age (years), sex (M/F), height (cm), weight (kg) and
ethnicity were recorded.

The child measure consisted of a single questionnaire:

The Self-Description-Questionnaire 1 (SDQ1). The Self-Description-Questionnaire
1 (SDQ1)21 is a measure of pre-adolescent self-concept based on Shavelson’s
multidimensional hierarchical model.22 It consists of 76 items designed to measure
self-perceptions relative to four non-academic areas (physical ability, physical
appearance, peer relations and parent relations) and three academic areas (reading,
mathematics and school in general) as well as a global perception of self. Of the 76
items, 12 negatively worded items are included to reduce positive response bias, but
these are not included in the final self-concept scores as young children have
difficulty with items of this type.21 As a result, the SDQ1 score is based on 64 items
all measured using 5-point Likert-type responses (false, mostly false, sometimes
false/sometimes true, mostly true, true). Scores are reported as total non-academic
(sum of the first four factors), total academic (sum of the next three factors), total
self (sum of the seven factors) and the general self-subscale is reported separately.
The scale has been used extensively and has excellent internal consistency
(coefficient alphas from 0.81 to 0.94 for the individual scales and 0.94 for the
total scores) and relative stability over time (individual scales mean r 0.61; total
scores mean r =0.65).21

Ethical approval
The study was approved by the Central Health and Disability Ethics Committee
(ref 13/CEN/195).

Statistical analysis
Appropriate summary statistics are presented for all measures of interest: means
and standard deviations for approximately normally distributed continuous
measurements, medians and Interquartile Ranges (IQRs) for non-normally
distributed continuous measurements, and frequencies and percentages for
categorical measurements. As children in the high- and low-risk groups were
approximately matched on age and sex whenever possible, they were not
compared in terms of these two variables but other child and parent charac-
teristics were compared between the groups using t-tests where values were
normally distributed, Mann-Whitney-Wilcoxon where values were not nor-
mally distributed, and Chi-squared or Fisher’s Exact tests for categorical
variables (Fisher’s exact being used where 20% or more of the cells had
expected counts below 5). The matching (a mixture of 1:1 and 1:2) was not

Late effects of newborn testing for type 1 diabetes
NJ Kerruish et al

398

European Journal of Human Genetics



incorporated into these comparisons of baseline characteristics. Scales and

subscales were assessed for internal consistency in this population using

Cronbach’s alphas with values ≥ 0.7 considered desirable.
Low- and high-risk children were then compared with regard to follow-up

measures using mixed models, with a random effect for the matching, in terms

of perceived risk (modelled using mixed ordinal logistic regression), frequency

of thinking and worrying about results (both modelled using mixed linear

regression), whether child was informed (modelled using mixed logistic

regression) and if so, the age child was informed (modelled using mixed linear

regression).
CBCL and Alabama scores were compared between the two groups using

mixed linear regression models (with a random effect for the matching)

following a natural logarithmic transformation after adding one due to zeros.

SDQ1 scores were compared in the same way but on the original scale. All

mixed models included child age and child sex as covariates to account for

possible residual confounding from the imperfect matching. Model diagnostics

included examining model residuals for evidence of heteroscedasticity and/or

non-normality and this informed the use of logarithmic transformations. All

analyses were conducted using Stata 13.1 and (two-sided whenever possible)

Po0.05 was considered statistically significant in each case.

RESULTS

Population characteristics
There was no evidence of statistically significant differences between
the two cohorts (all PZ 0.108) and the observed differences were not
considered of practical importance. These data are displayed in table 1.

Questionnaire scores
Parental perception of risk. Data concerning how parents perceived
their child’s risk of developing T1D are displayed in table 2.
Eleven per cent of parents with children in the low risk group and
41% in the increased risk group underestimated their child’s risk of
developing T1D.
Data concerning parents’ subjective rating of their concern about

their child’s genetic risk of T1D are reported in table 3.

Parental ‘thinking about test result’. Parents of children in the
increased risk group reported thinking (Po0.001) about the genetic

test result significantly more than parents with children in the low-
risk group.

Parental ‘worrying about test result’. Parents of children in the
increased risk group also reported worrying (Po0.001) about
the genetic test result significantly more than parents with children
in the low-risk group.

Disclosure of test result to child. Data concerning disclosure of the
genetic test result to the child are also included in table 3. Parents
reported that children in the increased risk group (79%) were
significantly more likely to be aware of their genetic risk compared
to the low-risk group (43%) (Po0.003) and had been informed at a
younger age (9.86 years, 11.03 years, Po0.008).

Child behaviour checklist. Data concerning parental reports of
their child’s emotional, behavioural and social functioning (CBCL)
are displayed in table 4. Statistically significant differences between
the increased risk and low-risk groups were found in 1 subscale
(aggressive behaviour) (Po0.029) and the total score (p o0.047) with
those at increased risk reported to be exhibiting less externalising
(aggressive) behaviour than those at low risk of T1D.
In addition, a difference between the two groups on the anxious/

depressed subscale was almost statistically significant (Po0.052) with
the increased risk group again having lower scores than the low-risk
group on this domain.

Alabama parenting questionnaire. Data about parenting style (APQ)
are reported in Table 5 and demonstrate no differences between the
two groups of parents on any of the five subscales.

Child self-concept. Data concerning child self-concept (SDQ1) is
reported in Table 6. Statistically significant differences between the
increased risk and low-risk group exist on the reading subscale
(Po0.010) and the composite total academic scale (Po0.048) with
the children at increased risk rating their abilities more favourably
than those at low risk.

Table 1 Demographic characteristics of parent and child participants

Low risk group (n=64) Increased risk group (n=34) P-value

Maternal age (years) (mean, SD) 43 (4) 43 (5) 0.700a

Paternal age (years) (mean, SD) 46 (6) 45 (5) 0.697a

Child age (years) (mean, SD) 11.9 (0.7) 12.0 (0.7) —

Child gender (male n, %) 36 (56%) 19 (56%) —

Child ethnicity (n, %) 0.377b

European 55 (86%) 30 (88%)

Māori 4 (6%) 4 (12%)

Pacific 3 (5%) 0 (0%)

Asian 2 (3%) 0 (0%)

Maternal health rating (1 excellent to 5 poor) (IQR) 2 (1) 2 (1) 0.108c

Paternal health rating (1 excellent to 5 poor) (IQR) 2 (2) 2 (1) 0.199c

Maternal reported health problem (n, %) 17 (27%) 13 (38%) 0.253d

Paternal reported health problem (n, %) 20 (33%) 6 (18%) 0.113d

Family history diabetes (n, %) 24 (38) 12 (35) 0.829d

First degree relative T1D (n, %) 7 (11) 5 (15) 0.747b

—Matched variable is not tested.
at-test.
bFisher’s exact test.
cMann-Whitney-Wilcoxon test.
dChi-squared test.
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Table 2 Parental perception of child’s risk of developing type 1 diabetes

Perceived risk category Low risk test result (n=64) Increased risk test result (n=34)

No risk at all (n, %) 7 (11)a 0 (0)

Less risk than most people (n, %) 21 (33) 2 (6)a

Same risk as most people (n, %) 28 (44) 12 (35)a

Higher risk than most people (n, %) 5 (8)b 17 (50)

Will definitely develop diabetes (n, %) 0 (0) 0 (0)

Uncertain (n, %) 3 (5) 3 (9)

aUnderestimate of risk.
bCould be an overestimate or accurate if relatives with T1D.

Table 3 Parental level of concern about genetic risk of type 1 diabetes and disclosure to child

Low risk (n=64) Increased risk (n=34) Difference between groups 95% CI P-value

Frequency of thinking about results (0–6)
Median (IQR) 0 (1) 1 (1) 1.02† 0.63, 1.41 o0.001

Level of worry about results (0–6)
Median (IQR) 0 (1) 1 (2) 1.00† 0.55, 1.44 o0.001

Child aware
Yes (n, %) 27 (43) 27 (79) 4.68¥ 1.67, 13.15 0.003

No (n, %) 28 (44) 6 (18)

Unsure (n, %) 8 (13) 1 (3)

Missing 1

Age child told
Age mean (SD) 11.03 (1.32) 9.86 (2.53) −1.14† −1.98, −0.30 0.008

Missing/not told 33 5

Results from † mixed linear regression ¥ binary logistic regression comparing yes, no adjusting for child age and sex.

Table 4 Parent report of child’s emotional, behavioral and social functioning (assessed with the Child Behaviour Checklist)

Low risk median (IQR) Increased risk median (IQR) Difference a 95% CI P-value

Anxious/depressed 3.0 (4.0) 2.0 (4.0) 0.73 0.54, 1.00 0.052

Withdrawn depressed 1.0 (2.0) 0.0 (2.0) 0.84 0.62, 1.13 0.241

Somatic complaints 1.0 (3.0) 1.0 (3.0) 0.90 0.68, 1.20 0.480

Social problems 1.0 (3.0) 1.0 (2.0) 0.85 0.62, 1.17 0.333

Thought problems 1.0 (2.5) 1.0 (3.0) 1.02 0.77, 1.35 0.874

Attention problems 3.0 (5.0) 2.0 (3.0) 0.77 0.58, 1.03 0.078

Rule breaking behaviour 1.0 (2.0) 0.0 (2.0) 0.86 0.66, 1.11 0.237

Aggressive behaviour 3.0 (5.0) 2.0 (5.0) 0.69 0.49, 0.96 0.029

Total score 20.0 (23.0) 12.5 (22.0) 0.70 0.49, 1.00 0.047

Results from linear mixed models adjusting for child age and sex.
aModels used log-transformed versions of the scores after adding one due to the presence of zeros. Differences are ratios of geometric means after adding one.

Table 5 Parenting style (assessed with the Alabama Parenting Questionnaire)

Low risk mean (SD) Increased risk mean (SD) Difference 95% CI P-value

Parental involvement 39.6 (3.6) 40.8 (3.7) 1.2 −0.2, 2.6 0.103

Positive parenting techniquesa 24.6 (1.1) 25.1 (1.1) 1.02 0.97, 1.06 0.433

Poor parental monitoring/supervisiona 13.4 (1.3) 13.2 (1.2) 0.98 0.89, 1.08 0.660

Inconsistency in discipline 12.9 (3.6) 12.8 (2.6) −0.1 −1.4, 1.2 0.892

Corporal punishmenta 5.7 (1.2) 5.6 (1.2) 1.00 0.92, 1.08 0.971

Total scorea 96.7 (1.1) 97.9 (1.1) 1.01 0.98, 1.04 0.387

Results from linear mixed models adjusting for child age and sex.
aPresented as geometric means and geometric standard deviations and analysed following a log-transformation so difference is ratio of geometric means rather than differences of arithmetic means.
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DISCUSSION

While there is considerable enthusiasm for incorporating NGS into
clinical practices such as NBS there remain many unanswered
questions. One of the most important gaps in the literature concerns
the potential impact that knowledge of genetic health risks or
susceptibilities might have on the psychosocial wellbeing of children
and families, particularly in the longer term. This study provides
preliminary empirical evidence through quantitative psychological
analysis of increased and low genetic risk parent-child cohorts
12 years after NBS for genetic risk of T1D.
The key findings are that 12 years after testing there was no

evidence that knowledge of a child’s increased genetic risk of T1D
adversely affected parental ratings of their child’s emotional, beha-
vioural or social functioning, or impacted upon their parenting style.
In addition such knowledge did not adversely affect the child’s
assessment of their self-concept. This may at least partially be
explained by the finding that half of the parents with children in
the increased risk group either underestimated or were uncertain of
their child’s risk of developing T1D.

Perception of risk
Parental perception of risk has changed over time, with only 50% of
the increased genetic risk group considering their children to be at
‘greater risk than most people’ at this 12-year analysis compared to
92% in our previous assessment at 1 year.10 Underestimation of risk
occurred in both the increased risk and low-risk groups with 11% of
parents in the low-risk group believing their child to be at no risk of
T1D and 41% of parents in the increased risk group believing their
child to be at the same risk as most people or lower.
For the increased risk group these findings may have been

influenced by the fact that parents correctly recognised that many
children with T1D would have presented by the time they reached age
12 years. However, as 50% of cases occur after age 20 years, these
children remain at ‘higher risk than most people’ even though their
absolute risk is small, and has diminished somewhat with time.
Alternatively these findings may simply reflect a common phenom-
enon described in the genetic counselling literature: risk under-
estimation occurs frequently, and may increase over time unless
risk statistics are repeated.9,23–26 Such perceptions are likely to be
reinforced by a child’s ‘normal’ appearance and apparent good
health.12

Subjective ratings of concern
Despite these under-estimations of risk parents in the increased risk
group reported thinking and worrying about their child’s genetic test
result more than parents in the low-risk group. However, their level of
concern was at the lower end of our Likert-type scale (median of 1 on
a 6-point scale) and had diminished since our previous study at 1 year
when mean rating for ‘worry’ in the increased risk group was 2.2.10

These results suggest that in general parents are not unduly concerned
about their child’s risk of T1D, with support for this supposition
coming from our recent interviews with parents in which they
reported largely relegating their child’s genetic risk of T1D to the
back of their minds, believing it had very little ongoing impact on their
family lives.12

Disclosure of results to child
Twice as many parents in the increased risk group reported that their
child was aware of the test result (79 versus 43%) and said that their
children were informed at a significantly younger age (9.9 years versus
11.0 years) than the low-risk group. Interestingly, in our qualitative
interview study conducted with a subset14 of the increased risk group
parents at a similar time to this study, most parents reported not
discussing the test result with their child until re-contacted for the
study (ie, when the children were approximately 12 years old).
However, the majority of these parents felt that their child had been
aware of the information prior to this, and while they could not recall
a specific discussion, felt that the information had ‘just always been
talked about’.12 Parental responses to our question concerning what
age the child was told the genetic test result in the study described here
may be reflective of this phenomenon. This finding is consistent with
data from other studies that acknowledge that children may learn
about genetic information gradually as part of growing up, and that
this may make the new information and its implications easier to cope
with.27,28 Such findings may have broader relevance to genetic testing
in childhood, perhaps challenging traditionally cautious and restrictive
genetic counselling views and practice guidelines.

Parent measures: child behaviour and parenting
Our CBCL data suggest that parents with children in the increased
genetic risk group view them slightly more ‘positively’ than parents of
children in the low-risk group. In particular, they report lower rates of
‘aggressive behaviour’ as well as lower total scores. However, while

Table 6 Child self-concept (assessed with the self-description questionnaire)

Variable Low risk mean (SD) Increased risk mean (SD) Difference 95% CI P-value

Physical appearance 29.3 (6.2) 29.1 (5.9) −0.2 −2.6, 2.2 0.859

Physical abilities 31.0 (7.2) 31.4 (7.1) 0.4 −2.5, 3.3 0.779

Parent relations 34.4 (5.1) 35.9 (3.5) 1.4 −0.5, 3.3 0.139

Peer relations 30.0 (6.7) 31.2 (6.2) 1.2 −1.4, 3.9 0.361

Total non-academica 31.2 (4.8) 31.9 (4.6) 0.7 −1.2, 2.7 0.480

General school 27.0 (7.0) 29.5 (5.4) 2.5 −0.0, 5.1 0.053

Reading 29.0 (8.0) 32.9 (7.8) 4.0 0.9, 7.0 0.010

Maths 29.2 (8.1) 29.9 (8.0) 0.6 −2.5, 3.7 0.681

Total academicb 28.4 (6.4) 30.7 (5.5) 2.4 0.0, 4.7 0.048

General self 32.2 (5.2) 33.0 (4.3) 0.8 −1.1, 2.8 0.415

Total selfc 30.0 (4.3) 31.5 (4.2) 1.5 −0.2, 3.2 0.085

Results from linear mixed models adjusting for child age and sex.
aMean of the first four factors.
bMean of the above three factors.
cMean of the first seven individual factors.
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both of these findings are statistically significant without adjustment
for multiple comparisons, neither would be significant under a
Bonferroni adjustment for this set of comparisons, and all scores fall
well below published borderline clinical cut-offs for aggressive
behaviour12 and total score (60).14,29 As such, the observed differences
may be of limited clinical relevance. If these findings were to be
confirmed in future studies, they could be related to the ‘double
protection’ mechanism whereby a ‘positive illusion’ may result from
children giving parents the impression they are doing fine to protect
their parents from negative emotions.30

Although we detected subtle differences in parents’ ratings of their
child’s behaviour they did not translate into any significant differences
in parenting style between the groups. This is perhaps unsurprising as
previous studies investigating parenting in the context of children with
chronic physical illnesses have documented only small differences for
some diseases and not for others.31 Overall, a meta-analysis concluded
that most families adapt well to a child’s chronic illness and generally
establish parenting behaviours that are as positive as they are in
families with healthy children.31 Our data suggest this is also true for
parenting in the context of genetic risk of T1D.

Child self-concept
Using a multi-dimensional measure of self-concept our data demon-
strate no difference in total scores between the increased risk and low-
risk children (P= 0.085). In fact, children in the increased risk group
perceived their reading abilities more positively than children in the
low-risk group (Po0.010), a finding that was also reflected in the total
academic score (Po0.048). Again these findings require replication
before any firm conclusions can be drawn, but they could reflect a
greater level of ‘academic confidence’ in these children. This con-
fidence may be easier to maintain in a subject such as reading that is
perhaps more subjective and less easily or obviously open to rigid
external assessment than other academic areas such as mathematics.
The finding that knowledge of risk of T1D (a ‘genomic’ test) does

not appear to adversely affect a child’s developing identity is important
as the need for such data has recently been highlighted.6,32 Previous
research investigating the impact of testing children for single gene
disorders has employed similar measures, and in general these studies
also report no adverse effect of knowledge of genetic status upon
concepts such as self-esteem.7 Similarly studies that have employed
more general quality of life or wellbeing measures with children
known to be at genetic risk of single gene disorders have generally
identified no problems.6,33

Limitations
This study provides preliminary evidence from exploratory analyses.
The statistically significant results for the CBCL and SDQ1 outcomes
would not be considered significant following Bonferroni adjustment,
or the less conservative Holm-Bonferroni step-down procedure,
applied separately for each set of measures and so replication is
imperative prior to these results informing practice or policy.
Secondly, although retention of participants was excellent for a
longitudinal study of this nature, results may not be generalisable to
other populations and replication in other settings is required. Third,
the study reports on the impact of genetic testing for a single
condition, T1D. Reactions to risk of this manageable disorder may
be very different from those in relation to more severe or lethal
disorders. Similarly future possibilities include the possibility of
multiplex testing that may also provoke quite different responses.
While this study addressed potential psychosocial effects upon both
parents and children, it did not extend to children’s peers or other

social contexts such as school. These factors become increasingly
relevant as children mature and are worthy of inclusion in future
studies.

Conclusion
New technologies are changing the landscape of genetic testing in
childhood but psychosocial implications remain a key consideration.
Studies investigating short-term psychological outcomes, largely
related to testing for single gene disorders, have revealed few adverse
outcomes. But it is widely acknowledged that evidence concerning
newer ‘genomic’ tests, and longer-term psychological data, are lacking.
This study has provided such preliminary data.
Twelve years after testing there was no evidence that knowledge of a

child’s increased genetic risk of T1D adversely affected parental ratings
of their child’s emotional, behavioural or social functioning, or
impacted upon parenting style. There was also no adverse effect up
on the child’s assessment of their self-concept. Our preliminary
findings show that children in the increased risk group were rated
slightly more favourably both by their parents, in relation to behaviour
and by themselves with regard to academic self-concept.
While it is reassuring that no significant adverse effects have been

detected, more data will be required to adequately inform policy.
Future studies should also aim to capture and evaluate the potentially
broad range of subtle psychosocial responses, both positive and
negative, that may arise when conveying complex genetic information
in childhood. In particular, as the pace of clinical implementation of
genomic approaches increases, such research should focus on the
appropriate balance between how parents, children and their peers
perceive genetic risk, their psychosocial wellbeing and motivation for
behaviour change.
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