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Abstract

This study assessed mothers’ and fathers’ perception of their child’s risk of getting type | diabetes (T I1D) during the first 2
years of their participation in The Environmental Determinants of Diabetes in the Young (TEDDY) study. TEDDY parents
were informed of their child’s increased genetic risk for TID at study inception. Parent perception of the child’s risk was
assessed at 3, 6, 15, and 27 months of age. In families with no history of TID, underestimation of the child’s TID risk
was common in mothers (>38%) and more so in fathers (>50%). The analyses indicated that parental education, country
of residence, family history of TID, household crowding, ethnic minority status, and beliefs that the child’s TID risk
can be reduced were factors associated with parental risk perception accuracy. Even when given extensive information
about their child’s TID risk, parents often fail to accurately grasp the information provided. This is particularly true for
fathers, families from low socioeconomic backgrounds, and those with no family history of TID. It is important to develop

improved tools for risk communication tailored to individual family needs.
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Type 1 diabetes (T1D) is one of the most common chronic
diseases in childhood, and its incidence is rapidly increas-
ing worldwide (D.I.LA.M.O.N.D. Project Group, 2006;
Patterson et al., 2009; SEARCH for Diabetes in Youth
Study Group et al., 2006). T1D is a serious chronic disease
that occurs following the autoimmune destruction of insu-
lin-producing cells in the pancreas. Currently, T1D cannot
be prevented or cured, but must be treated with daily
administration of exogenous insulin throughout the life of
the patient. If not well managed, T1D can lead to serious
long-term complications such as eye, kidney, and nerve
disease (American Diabetes Association, 2015a, 2015b).
This is in contrast to type 2 diabetes, a much more common
condition accounting for 90% to 95% of all diabetes cases,
in which lifestyle factors, such as diet and physical activity,
are known to contribute to the development of the disease.
T1D is usually diagnosed in underweight or normal weight
children, whereas type 2 diabetes (T2D) is typically diag-
nosed in individuals who are overweight. Individuals with
T2D are often treated with lifestyle changes and oral medi-
cations, although some may also be prescribed insulin as
their condition progresses (American Diabetes Association,
2015a, 2015b).

Past research has elucidated the Human leukocyte anti-
gen (HLA) genotypes that predispose individuals to T1D.
However, the concordance rate for monozygotic twin is
only 30% to 50%, suggesting that environmental factors
also play a role in the pathogenesis of T1D (Pociot et al.,
2010). Therefore, it is hypothesized that a combination
of an individual’s genetic predisposition and environ-
mental factors (e.g., viruses, microbiomal factors, stress,
etc.) likely contributes to the development of TI1D
(Eringsmark & Lernmark, 2013). However, to identify
the environmental factors that contribute to the develop-
ment of T1D, large-scale screening studies follow infants
at genetic risk for T1D for many years and collect relevant
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data through biologic samples and questionnaires (TEDDY
Study Group, 2007).

However, there are a number of ethical and psychologi-
cal issues surrounding newborn genetic screening for T1D
(Ross, 2003; Roth, 2001; Stolt, Helgesson, Liss, Svensson,
& Ludvigsson, 2005, Swartling & Helgesson, 2008).
Testing children for T1D risk could increase distress in par-
ents, which in turn could negatively affect the child. The
published literature suggests that while parents (mostly
mothers) often initially report distress when informed of
their child’s increased risk, this distress dissipates over time
(Carmichael et al., 2003; Hummel, Ziegler, & Roth, 2004;
Johnson, Baughcum, Carmichael, She, & Schatz, 2004;
Johnson, Baughcum, et al., 2007; Johnson, Riley, Hansen,
& Nurick, 1990; Johnson & Tercyak, 1995; Kerruish et al.,
2007; Simonen et al., 2006). This literature also suggests
that many parents engage in one or more behaviors in an
effort to prevent the disease, the most common being
increased monitoring behaviors and dietary changes
(Baughcumetal., 2005; Hendrieckx, De Smer, Kristoffersen,
& Bradley, 2002; Heshka, Palleschi, Howley, Wilson, &
Wells, 2008; Smith et al., 2014).

Communicating risk information is often difficult as the
child’s increased risk does not guarantee the child will nec-
essarily get the disease. Simply asking families whether
they understand the information provided is insufficient;
individuals often state they understand information, when
in fact their understanding is inaccurate (Stolt et al.,).
Studies suggest that individuals who are very familiar with
T1D, because they live with someone who has it, under-
stand the risk information better than individuals with no
immediate family members living with the disease
(Carmichael et al., 2003; Johnson & Tercyak, 1995).

Accurate understanding of risk information is important
for informed participant decision making in research stud-
ies. Previous studies have shown that T1D risk perception
accuracy is associated with increased anxiety or worry,
efforts to prevent the disease, and study retention (Baughcum
et al., 2005; Hendrieckx et al., 2002; Hood, Johnson,
Baughcum, She, & Schatz, 2006; Lernmark et al., 2012;
Smith et al., 2014), whereas underestimation of risk has
been associated with study dropout (Johnson et al., 2011).
However, our current understanding of parental risk percep-
tion accuracy is limited due to the fact that most studies
have focused on relatively small samples of mothers famil-
iar with T1D over a relatively short period of time.

The Environmental Determinants of Diabetes in the
Young (TEDDY) study provides a unique opportunity to
study factors associated with both mothers’ and fathers’ risk
perception accuracy over time in a large multinational study
of parents from the general population with no immediate
family history of T1D as well as parents whose at-risk child
has a first-degree relative with T1D. All TEDDY children
are at increased genetic risk for T1D, and all TEDDY

parents were informed of this increased risk at the time they
joined TEDDY. We report here mothers’ and fathers’ risk
perception accuracy during their first 2 years of TEDDY
participation and factors associated with risk perception
accuracy.

Method
The TEDDY Study

TEDDY is a prospective multinational cohort study sup-
ported by the National Institutes of Health investigating the
environmental determinants of T1D in 8,676 genetically at-
risk children identified at birth. Most TEDDY children
(89%) come from the general population with no immediate
family history of T1D; the remaining TEDDY children are
families where the children have a first-degree relative with
T1D. Three centers are located in the United States
(Colorado, Florida/Georgia, Washington), and three centers
are located in Europe (Finland, Germany, Sweden). TEDDY
children are seen every 3 months for the first 4 years and
biannually thereafter. Data collected at each study visit
include biological samples (e.g., blood, nasal swabs), diet
records, and a wide range of demographic and psychologi-
cal measures (TEDDY Study Group, 2007). The relevant
Institutional Review Board at each TEDDY site approved
the TEDDY study and protocol.

Study Population

Parent questionnaire data available as of April 30, 2013,
were obtained from 3- (mothers only), 6-, 15-, and 27-month
study visits. On this date, all TEDDY participants were 36
months or older. Excluded from analysis were children
whose last TEDDY visit was prior to 27 months of age (n =
2,090), children who were determined to be HLA ineligible
(n = 39), and children who became antibody positive at or
before the 27-month study visit (n =447). Selected for anal-
ysis were the questionnaire responses of 5,953 families
(5,769 mothers and 5,247 fathers) who completed at least
one questionnaire at the 6- or 27-month study visits (exclud-
ing 118 families). Most were families from the general pop-
ulation (89%; n = 5,293), with the remaining 660 families
(11%) having a known family history of T1D.

Risk Communication Protocol in TEDDY

After genetically screening the infant at birth, eligible fami-
lies were contacted by phone (between 6 and 12 weeks after
the test) and informed about their child’s increased T1D
genetic risk and eligibility for the TEDDY study. During the
call, the parent was given a numerical estimate of the
child’s risk in a standardized manner; this information was
subsequently reiterated in a letter sent to the parent’s home.
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The numerical risk given varied by country, based on coun-
try-specific epidemiological data, and whether the child
belonged to the general population or had a close relative
with T1D. For example, a mother from the general popula-
tion in the United States and Germany was informed that
out of 100 children with her child’s genetic risk, approxi-
mately three children would develop T1D. In Sweden and
Finland, where there is higher incidence of T1D, general
population mothers were informed that out of 100 children
with their child’s genetic risk, approximately seven children
would develop T1D. A mother of a U.S. or German child
with a known family history of T1D was informed that out
of 100 children with her child’s genetic risk, 14 would
develop T1D. The numerical estimate about the TEDDY
child’s risk for T1D was followed by comparing informa-
tion about risk for T1D in children without their child’s
genetic risk: one out of 300 would develop T1D.

There were some national variances in risk communica-
tion: Sweden and Finland (but no other country) did not
make any distinction between whether the child came from
the general population or had a first-degree relative when
informing the parents but instead gave the same numerical
risk value (7/100). However, in Finland, the risk informa-
tion was complemented with a brochure containing more
detailed risk estimates.

Upon request, parents of children with a family history
of TID were given more detailed risk estimates based on
whether the family member with T1D was a mother, father,
or sibling. All families were told that the purpose of TEDDY
was to identify the environmental trigger(s) of T1D in
genetically at-risk children, and if environmental trigger(s)
were identified, this information could be used in the future
to develop methods of preventing the disease. If families
asked whether there was anything they could do to prevent
T1D in their child, they were told that no means of preven-
tion are currently available, and that they should encourage
the development of healthy habits in the child.

At each TEDDY visit, blood was drawn for T1D autoan-
tibodies. At all sites, results were sent home by mail except
for Sweden where test results were provided at the next
study visit. Even when the child tested negative for T1D
autoantibodies, the parents were told that the child’s risk for
T1D had not changed, and the child remained at increased
risk for T1D (reiterating the risk estimates).

Measures

Risk perception accuracy. Risk perception accuracy was
assessed by the following item at the 3- (mothers only), 6-,
15-, and 27-month study visits: Compared with other chil-
dren, do you think of your child’s risk for developing diabe-
tes is (mark only one answer)—much lower, somewhat
lower, about the same, somewhat higher, or much higher?
Parents answering “much lower,” “somewhat lower,” or

“about the same” were classified as inaccurate, whereas par-
ents answering “somewhat higher” or “much higher” were
classified as accurate.

Sociodemographic and maternal lifestyle measures. Child
sociodemographic variables included the child’s gender
(male, female), only child status (yes/no), ethnic minority
status (yes/no) (U.S. definition: TEDDY child’s mother’s
first language is not English or she was not born in the
United States or the child is a member of an ethnic minority
group; European definition: TEDDY child’s mother’s first
language or country of birth is other than the TEDDY country
in which the child resides), and first degree relative (FDR)
status (yes/no).

Parent sociodemographic variables included mother’s
age at birth (years), parent’s education (basic primary edu-
cation, some trade school or college, graduated college),
marital status (married or living together, single parent),
country of residence (the United States, Finland, Germany,
and Sweden), and household crowding (number of persons
living in the household divided by the number of rooms in
the house). As the crowding distribution was skewed, it was
rescored to normalize the distribution (1 = 0.00-0.49, 2 =
0.50-0.59, 3 =0.60-0.75, 4 = 0.76-1.00, 5 > 1.00).

Maternal lifestyle behaviors included whether the mother
smoked during pregnancy (yes/no) or after having given
birth (measured at 9 months; yes/no), whether the mother
worked during pregnancy (yes/no) or after birth (measured
at 9 months; yes/no), and whether the mother drank alcohol
during pregnancy (yes/no).

Parental belief that TID risk can be reduced. At the 6-, 15-
and 27-month study visits, parents were asked whether they
believed they could do something to reduce their child’s
risk for developing T1D. Parents were asked to agree or
disagree to three statements on a 5-point Likert-type scale
(1 = strongly agree to 5 = strongly disagree): (1) “I can do
something to reduce my child’s risk of developing diabe-
tes,” (2) “Medical professionals can do something to reduce
my child’s risk for developing diabetes,” and (3) “It is up to
chance or fate whether my child develops diabetes.”
Responses to Statements 1 and 2 were reversed scored and
then summed with the response to Statement 3 so that
higher scores indicated greater belief that risk of T1D could
be reduced. This three-item scale score exhibited high inter-
nal consistency (Cronbach’s a coefficient of .821 for moth-
ers and .793 for fathers).

Statistical Analyses

The percentage of mothers and fathers with accurate risk
perception at 3, 6, 15, and 27 months was calculated.
McNemar’s test was used to test for differences between
mothers and fathers and also within parent across time.
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Table I. Mothers and Fathers Risk Perception Accuracy at 3 (Mothers Only) 6, |5, and 27 Months by GP/FDR Status.
Inaccurate estimation of risk Accurate estimate of risk
Much  Somewhat Aboutthe Inaccurate Somewhat  Much Accurate
Age lower lower same estimation higher higher  estimation
Study visit % %
Parent FDR/GP month n % % % (total) % % (total)
Mothers GP 3 5,248 3.0 5.5 31.2 387 57.3 3.0 61.3
6 5,130 3.0 5.5 31.2 39.7 57.3 3.0 60.3
15 4,896 3.1 4.8 327 40.5 56.9 2.6 59.5
27 4,852 2.5 4.6 328 40.0 57.1 3.0 60.0
FDR 3 655 0.0 0.9 10.4 1.3 67.1 20.0 88.7
6 639 0.5 0.6 1.7 12.8 67.1 20.0 87.2
I5 601 0.8 0.5 14.3 15.6 70.4 14.0 84.4
27 549 0.5 0.5 12.8 13.8 71.8 14.4 86.2
Fathers GP 6 4,659 44 7.0 41.9 53.2 44.2 2.6 46.8
I5 4414 3.8 6.2 428 52.8 45.0 23 47.2
27 4,134 33 6.2 423 51.8 46.2 2.0 48.2
FDR 6 588 1.0 22 21.8 25.0 58.8 16.2 75.0
15 553 1.3 24 23.9 27.5 59.7 12.8 72.5
27 489 0.6 22 23.1 26.0 63.2 10.8 74.0

Note. FDR = TEDDY child has a first-degree relative with TID. GP = TEDDY child has no first-degree relative with TID. TEDDY = The Environmental
Determinants of Diabetes in the Young; TID = type | diabetes. GP; general population.FDR,; first degree relative

Chi-square was used to test for differences between families
from the general population and families with a history of
T1D. Logistic regression was used to identify factors inde-
pendently associated with having an accurate versus inac-
curate risk perception. Separate regression models were
fitted for mothers and fathers at 6 and 27 months using
sociodemographic variables, maternal lifestyle behaviors,
and parent belief that the child’s T1D risk can be reduced.
Factors with p values less than .05 were considered statisti-
cally significant and retained. Statistical analyses were con-
ducted using SAS (Version 9.4).

Results

Table 1 provides the risk perception accuracy data for moth-
ers and fathers by T1D family history status and across time
by study visit. Most parents who underestimated their
child’s risk believed that their child’s T1D risk was “about
the same” as another child; few parents selected responses
indicating that they believed their child’s risk to be lower
than a comparison child. At 6 months, the majority of gen-
eral population mothers (61.3%) had accurate risk percep-
tions, whereas the majority of general population fathers
(53.2%) had inaccurate risk perceptions (x> = 241.9, p <
.0001). There was no significant change in risk perception
accuracy for mothers or fathers from the general population
across time. Mothers where the child had a family history of
T1D were far more likely to have accurate risk perceptions
(89% at 3 months and 86% at 27 months) than mothers from

the general population (61% at 3 months and 60% at 27
months; x> = 188.1, p < .0001), and their risk perception
accuracy did not change across time. Mothers where the
child had a family history of T1D were also more likely to
hold accurate risk perceptions compared with fathers with
the same background (y* = 37.3, p < .0001). In addition,
fathers where the child had a family history of T1D were
more likely to have accurate risk perceptions than fathers
from the general population (3* = 166.4, p < .0001). The
majority of both mothers and fathers where the child had a
family history of T1D held accurate risk perceptions.
Separate multiple logistic regressions were fitted for
mothers and fathers to identify the independent factors asso-
ciated with accurate risk perception at 6 and 27 months.
Table 2 provides the significant results for mothers. The
results were essentially the same at 6 and 27 months. As
expected, mothers where the child had a family history of
T1D were more likely to hold accurate risk perceptions than
general population mothers (87% vs. 60%). College-educated
mothers were more likely to hold accurate risk perceptions
compared with those with a primary school education (71%
vs. 44%). Mothers from Finland (72%) and Germany (75%-
77%) were also significantly more likely to hold accurate risk
perceptions compared with mothers from the United States
(61%-63%) and Sweden (55%-56%). Child ethnic minority
status and household crowding were associated with poorer
risk perception accuracy. Approximately 50% of mothers of
ethnic minority children were accurate compared with 65%
of mothers of nonminority children. Approximately 60% of
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Table 2. Logistic Regression Results for Mothers’ Risk Perception Accuracy at 6- and 27-Month Study Visits.

6 months (n = 5,577)

27 months (n = 5,034)

Factor n (% accurate) OR 95% ClI p value n (% accurate) OR 95% ClI p value
First-degree relative with TID

No 4,968 (60.1) 1.00 Ref. 4,509 (59.9) 1.00 Ref.

Yes 609 (86.7) 4.17 [3.25,5.37] <.001 525 (86.5) 4.14 [3.17,541] <.00l
Country of residence

The United States 2,114 (62.9) 1.09 [0.94, 1.26] 1,957 (61.3) 091 [0.83,1.14]

Finland 1,258 (72.2) 1.75 [1.48,2.07] 1,093 (72.1) 1.64 [1.38, 1.9]

Germany 358 (74.6) 1.58 [I.19,2.09] 272 (76.5) 1.69 [l1.21,231]

Sweden 1,847 (54.7) 1.00 Ref. <.001 1,712 (55.9) 1.00 Ref. <.001
Child ethnic minority

No 4,820 (64.9) 1.00 Ref. 4,363 (64.6) 1.00 Ref.

Yes 757 (51.0) 0.70 [0.59,0.83] <.00I 671 (49.9) 070 [0.58,0.84] <.00I
Mothers’ education

Primary education 1,033 (44.5) 1.00 Ref. 919 (44.1) 1.00 Ref.

Some college/trade school 1,338 (59.3) 1.47 [1.24,1.76] 1,159 (57.1) 143 [1.17, 1.71]

Finished college 3,206 (70.5) 252 [2.15,2.94] <.00I 2,956 (70.6) 271 [2.30,3.20] <.00l
Only child

No 3,218 (63.5) 1.00 Ref. 2,876 (63.1) 1.00 Ref.

Yes 2,359 (62.4) 0.87 [0.84,0.94] .02 2,158 (62.0) 0.87 [0.76,0.98] .03
Household crowding 0.89 [0.84,0.94] <.00I 0.94 [0.91,097] <.00l
Belief that T1D risk can be reduced 093 [0.91,0.96] <.001l 0.92 [0.87,0.98] .01
Note. OR = odds ratio; ClI = confidence interval; TID = type | diabetes.
mothers from the most crowded household were accurate Discussion

compared with 67% of those from the least crowded house-
hold. Only child status had a weak but significant effect and
was associated with poorer risk perception accuracy. Strong
beliefs that the child’s T1D risk could be reduced were actu-
ally associated with poorer risk perception accuracy. For
example, at 3 months, only 58% of mothers with scores in the
highest quartile on this measure were accurate compared
with 73% of those with scores in the lowest quartile. We
found no significant associations between child gender,
maternal age, marital status, or maternal lifestyle factors and
risk perception accuracy.

Table 3 provides the results of the logistic regression
for fathers at 6 and 27 months. In most respects, the
results mimic the findings for mothers. The most impor-
tant factors associated with risk perception accuracy for
fathers were T1D family history status, country, and
fathers’ education (p < .0001). Greater household crowd-
ing was also associated with poorer risk perception accu-
racy (p <.01 at 6 months and p <.0001 at 27 months), and
like mothers, fathers who held strong beliefs that their
child’s T1D risk could be reduced were more likely to
hold inaccurate risk perceptions (p <.0001 at 27 months).
The child’s ethnic minority status and only child status
were not significant predictors for fathers, in contrast to
their significant effects for mothers. These findings were
consistent across time.

To our knowledge, this is the largest study to date of risk
perception accuracy in parents of infants genetically at risk
for a serious disease (T1D). The study is unique in that it
assessed risk perception accuracy: (a) of both mothers and
fathers, (b) of parents from the general population as well as
those with T1D immediate family members, (c) of parents
living in four different countries, and (d) at multiple time
points over a 2-year period.

In TEDDY, parents are fully informed of their child’s
increased genetic risk for T1D at study inception.
Furthermore, children are regularly tested for T1D autoanti-
bodies, and parents are informed of these test results. In
cases of negative antibody test results, parents are told that
the child’s risk for T1D has not changed, and the child
remains at increased risk for T1D. Despite these extensive
and repeated efforts to inform parents of their child’s
increased risk, a large proportion of both mothers and
fathers, particularly from the general population, underesti-
mated their child’s risk. Only 60% of mothers from the gen-
eral population and less than half of general population
fathers had accurate perceptions of their child’s risk. In con-
trast, parents where the child had a family history of T1D
had significantly more accurate risk perceptions. More than
80% of the mothers and more than 70% of the fathers had
accurate risk perceptions. The high-risk perception accu-
racy rates found in mothers with a T1D immediate family
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Table 3. Logistic Regression Results for Fathers’ Risk Perception Accuracy at 6- and 27-Month Study Visits.

Study visit 6 months (n = 5,016) 27 months (n = 4,454)
Factors n (% accurate) OR 95% ClI p value n (% accurate) OR 95% ClI p value
First-degree relative with TID

No 4,460 (47.0) 1.00 Ref. 3,984 (48.3) 1.00 Ref.

Yes 556 (75.9) 3.28 [2.65,4.05] <.00l 470 (73.8) 290 [2.31,3.64] <.00I
Country residence

The United States 1,827 (46.4)  0.65 [0.56, 0.76] 1,610 (46.5) 059 [0.50, .69]

Finland 1,130 (53.5) 0.94 [0.80, I.12] 1,003 (56.6) .01 [0.85, .21]

Germany 342 (68.1) 1.37 [1.05, 1.80] 255 (65.9) .20  [0.89, 1.64]

Sweden 1,717 (48.4) 1.00 Ref. <.001 1,586 (49.6) 1.00 Ref. <.001
Child ethnic minority

No 4,390 (51.3) 1.00 Ref. 3,923 (52.3) 1.00 Ref.

Yes 626 (42.5) 091 [0.76, 1.10] .33 531 (41.6) 090 [0.73, I.10] 23

Father education
Primary education
Some college/trade school

1,232 (354)  1.00
1,272 (48.6)  1.65

Ref. 1,061 (35.1)  1.00 Ref.
1.38, 1.96]

1121 (47.4) 161  [1.34,1.95]

Finished college 2512 (58.2) 2.63 [2.25,3.07] <.00I 2,272 (60.2) 294 [249,347] <.00I
Household crowding 093 [0.88,098] <.0l 090 [0.85, 0.96] .001
Belief that T1D risk can be reduced 0.97 [0.95, 1.00] .05 095 [0.92,097] <.00l

Note. OR = odds ratio; Cl = confidence interval; TID = type | diabetes.

member are consistent with prior reports (Carmichael et al.,
2003; Hood et al., 2006). These results are expected because
parents from the general population do not have the experi-
ence and knowledge about T1D as well as its heritability so
familiar to families living with an immediate family mem-
ber with the disease.

Fathers, regardless of T1D family history, were consis-
tently less accurate than mothers. TEDDY fathers did
accompany the child to the study visits less often than
mothers (e.g., 29% of TEDDY fathers came to the 6-month
TEDDY visit compared with 98% of TEDDY mothers).
However, TEDDY father attendance at TEDDY clinic vis-
its was unrelated to risk perception accuracy; fathers who
attended TEDDY clinic visits did not have more accurate
risk perceptions than fathers who failed to attend. There is
ample evidence that mothers are the primary caretakers of
most children and make most of the health care decisions
for their families (Matoff-Stepp, Applebaum, Pooler, &
Kavanagh, 2014). Consequently, mothers may be more
attentive to health-related information relevant to their
children.

In TEDDY, we found risk perception accuracy to be
highly stable across time, with no decline in risk perception
over time previously reported by Carmichael and colleagues
(2003) and Hood and colleagues (2006). When the TEDDY
protocol was established, the investigators were well aware
that risk perception accuracy could decline across time and
in response established a protocol of repeated communica-
tion with parents about their child’s risk, including sending
letters home, and reiterating information provided on phone

calls or at study visits. In this context, it is interesting to
note that Sweden was the only TEDDY country that did not
regularly send home risk information (giving the results
orally at the next visit), and Swedish parents demonstrated
the lowest percentages of parents with accurate risk percep-
tions among TEDDY countries.

In this study, we also found that ethnic minority status,
whether one lived in more crowded households, and had less
parental education were all factors associated with higher
rates of inaccurate risk perception, confirming results pub-
lished in earlier studies (Carmichael et al., 2003; Hood et al.,
2006). These results once again confirm that risk informa-
tion is difficult to successfully communicate. The results
also suggest that risk communication protocols and effective
strategies need to be developed for those who are less edu-
cated and from lower sociodemographic backgrounds.

The analyses showed that parental belief that a child’s
T1D risk could be reduced was associated with having a
less accurate risk perception. While being accurate in risk
perception accuracy and having a belief that risk can be
changed are two different things—It may be that people
who believe they can reduce risk may underestimate the
child’s risk more. Perhaps parents who believe the risk can
be reduced view the risk information as less stable and
more modifiable, taking the information less seriously and
giving it less credence. Previous studies suggest that belief
that one can control T1D onset may be linked to increased
efforts to prevent the disease, even though no means of
preventing T1D currently exist (Hendrieckx et al., 2002;
Smith et al., 2014).
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This study is limited by the inclusion of families who
agreed to join the TEDDY study, with its demanding and
intensive protocol. Consequently, our findings may not rep-
resent risk perception accuracy among families who
declined study participation. Nevertheless, our findings
suggest that risk information is challenging to present in
ways that parents understand. This is particularly the case
when parents are not well educated, come from lower
sociodemographic backgrounds, and have no immediate
family experience with T1D.

This study’s results have important implications beyond
the care of children with a genetic risk for T1D. Risk com-
munication is a common component of many patient—pro-
vider, as well as investigator—participant, communications,
and this study’s findings highlight the difficulty of success-
fully communicating risk. Development of improved strate-
gies for risk communication tailored to individual and
family needs is warranted.

Best Practices

A large proportion of parents from the general population
underestimate their child’s increased genetic risk for T1D
over an extended period of time (2 years), and fathers
underestimate risk more often than mothers. Findings sug-
gest the importance of viewing risk communication as a
process, involving both study staff and the participating
families. Not having an accurate risk perception may influ-
ence informed decision making, so researchers should take
notice of situations where parents have formed and con-
tinue to have an incorrect understanding of risk. This is par-
ticularly important when families have no prior experience
with the disease, are members of minority groups, have less
education, or have a lower socioeconomic status.

These findings suggest the importance of developing tai-
lored risk communication protocols and effective strategies
designed for those who are less educated and from lower
sociodemographic backgrounds.

Research Agenda

Different methods of communicating risk (oral, written, and
visual) are important tools when informing parents of their
child’s risk status. These different methods should be used
to tailor risk communication strategies for specific popula-
tions and test their effectiveness.

Educational Implications

These results are valuable for the staff involved in the
TEDDY study and risk communication in general. Tailored
information can be designed to help parents develop a cor-
rect understanding of their child’s risk status and assist
those families who hold inaccurate risk perceptions.

Appendix

The TEDDY study research study sites Colorado Clinical
Center: Marian Rewers, MD, PhD, PI'+>610.11/ Kimberly
Bautista'?, Judith Baxter”'®'*'>  Ruth Bedoyz, Daniel
Felipe-Morales, Brigitte 1. Frohnert, MD' Patricia
Gesualdo®®'>'*1* " Michelle Hoffman'*'*'*,  Rachel
Karban'?, Edwin Liu, MD", Jill Norris, PhD**'%, Adela
Samper-Imaz, Andrea Steck, MD*!* Kathleen Waugh6’7’12’15 ,
Hali Wright'?. University of Colorado, Anschutz Medical
Campus, Barbara Davis Center for Childhood Diabetes.

Georgia/Florida Clinical Center: Jin-Xiong She, PhD,
PII’3’4’“, Desmond Schatz, MD**>7#  Diane Hopkinslz,
Leigh Steed'>!>!*15 Jamie Thomas*®'?, Janey Adams*'?,
Katherine Silvis?, Michael Haller, MD*'*, Melissa Gardiner,
Richard McIndoe, PhD, Ashok Sharma, Joshua Williams,
Gabriela Foghis, Stephen W. Anderson, MD’, Richard
Robinson. Center for Biotechnology and Genomic
Medicine, Georgia Regents University. *University of
Florida, "Pediatric Endocrine Associates, Atlanta.

Germany_ Clinical Center: Anette G. Ziegler, MD,
PI'**!" Andreas Beyerlein PhD?, Ezio Bonifacio PhD*’,
Michael Hummel, MD", Sandra Hummel, PhD?, Kristina
Foterek*, Mathilde Kersting, PhD¥, Annette Knopff7,
Sibylle Koletzko, MD'", Claudia Peplowlz, Roswith Roth,
PhD’, Joanna Stock™? Elisabeth Strauss'’, Katharina
Warncke, MD",  Christiane ~ Winkler, ~PhD*'>',
Forschergruppe Diabetes e.V. and Institute of Diabetes
Research, Helmholtz Zentrum Miinchen, and Klinikum
rechts der Isar, Technische Universitdt Miinchen. *Center
for Regenerative Therapies, TU Dresden, 'Dr. von Hauner
Children’s Hospital, Department of Gastroenterology,
Ludwig Maximilian University of Munich, ‘Research
Institute for Child Nutrition, Dortmund.

Finland Clinical Center: Jorma Toppari, MD, PhD,
pr¥4ILM Ol G. Simell, MD, PhD¥'*'B Annika
Adamsson, PhD"'"2, Heikki Hyoty, MD, PhD**¢, Jorma
Ilonen, MD, PhD*®, Sanna JokipuuA, Tiina Kallio', Miia
Kéhonen'”, Mikael Knip, MD, PhD**>, Annika Koivu"’,
Mirva Koreasalo**¥, Kalle Kurppa, MD, PhD**"3, Maria
Lonnrot, MD, PhD**, Elina Méintyméikiy, Katja
Multasuo*”, Juha Mykkénen, PhD™®, Tiina Niininen™*'?,
Mia Nyblom**, Petra Rajala’, Jenna Rautanen™, Anne
Riikonen**, Minna Romo*’, Satu Simell, MD, PhD™",
Tuula Simell, PhD, Ville Simell™*", Maija Sjoberg*'>",
Aino Stenius*”'?, Maria Sirmd’, Sini Vainionpdi', Eeva
Varjonen* %, Riitta Veijola, MD, PhD*""*, Suvi M. Virtanen,
MD, PhD**%2 Mari Vihd-Makild, Mari Akerlund*™.
*University of Turku, *University of Tampere, *University
of Oulu, "Turku University Hospital, Hospital District of
Southwest Finland, “Tampere University Hospital, “Oulu
University Hospital, ‘National Institute for Health and
Welfare, Finland, YUniversity of Kuopio.
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Sweden _Clinical Center: Ake Lernmark, PhD,
pI!3436810ILIS " hanjel Agardh, MD, PhD", Carin Andrén
Aronsson”'?, Maria Ask, J. enny Bremer, Ulla-Marie Carlsson,
Corrado Cilio, PhD, MD°, Emelie Ericson-Hallstrém, Lina
Fransson, Thomas Gard, Joanna Gerardsson, Rasmus Bennet,
Monica Hansen, Gertie Hansson'%, Cecilia Harmby, Susanne
Hyberg, Fredrik Johansen, Berglind Jonasdottir, MD, Helena
Elding Larsson, MD, PhD%!, Sigrid Lenrick Forss, Markus
Lundgren”, Maria Mansson-Martinez, Maria Markan,
Jessica Melin'?, Zeliha Mestan, Kobra Rahmati, Anita
Ramelius, Anna Rosenquist, Falastin Salami, Sara Sibthorpe,
Birgitta Sjoberg, Ulrica Swartling, PhD*'?, Evelyn Tekum
Amboh, Erika Trulsson, Carina Térn, PhD*'>, Anne Wallin,
Asa Wimar'*'*, Sofie Aberg. Lund University.

Washington Clinical Center: William A. Hagopian,
MD, PhD, PI'3#367ILI34 “Nfichael Killian®”'*", Claire
Cowen Crouch'>'*", Jennifer Skidmore?, Stephen Ayres,
Kayleen Dunson, Rachel Hervey, Corbin Johnson, Rachel
Lyons, Arlene Meyer, Denise Mulenga, Elizabeth Scott,
Joshua Stabbert, Alexander Tarr, Morgan Uland, John
Willis. Pacific Northwest Diabetes Research Institute.

Pennsylvania Satellite Center: Dorothy Becker, MD,
Margaret Franciscus, MaryEllen Dalmagro-Elias Smith?,
Ashi Daftary, MD, Mary Beth Klein, Chrystal Yates.
Children’s Hospital of Pittsburgh of UPMC.

Data Coordinating Center: Jeffrey P. Krischer, PhD,
PI'*>1%11 ‘Michael Abbondondolo, Sarah Austin-Gonzalez,
Sandra Baethke, Rasheedah Brown'*'®, Brant Burkhardt,
PhD>®, Martha Butterworth?, Joanna Clasen, David
Cuthbertson, Christopher Eberhard, Steven Fiske’, Dena
Garcia, Jennifer Garmeson, Veena Gowda, Kathleen
Heyman, Francisco Perez Laras, Hye-Seung Lee,
PhD"*!*!5 Shu Liu, Xiang Liu, PhD***!*, Kristian Lynch,
PhD>**'* Jamie Malloy, Cristina McCarthy'*'">, Wendy
McLeod, Steven Meulemans, Chris Shaffer, Laura Smith,
PhD”'%, Susan Smith'*"*, Noah Sulman, PhD, Roy Tamura,
PhD"*!3, Ulla Uusitalo, PhD*'®, Kendra Vehik, PhD**¢1415,
Ponni Vijayakandipan, Keith Wood, Jimin Yang, PhD,
RD*'"’. Past staff: Lori Ballard, David Hadley, PhD,
University of South Florida.

Project scientist: Beena Akolkar, PhD!**>671011
National Institutes of Diabetes and Digestive and Kidney
Diseases.

Other contributors: Kasia Bourcier, PhD’, National
Institutes of Allergy and Infectious Diseases. Thomas
Briese, PhD*'®, Columbia University. Suzanne Bennett
Johnson, PhD>'?, Florida State University. Eric Triplett,
PhD®, University of Florida.

Committees:

'Ancillary Studies, Diet, *Genetics, “Human Subjects/
Publicity/Publications, “Immune Markers, CInfectious
Agents, 'Laboratory Implementation, *Maternal Studies,
’Psychosocial, '’Quality Assurance, ''Steering, '*Study
Coordinators, *Celiac Disease, "“Clinical Implementation,
Quality Assurance Subcommittee on Data Quality.
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