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Abstract

Objective To identify predictors of later study withdrawal among participants active in The

Environmental Determinants of Diabetes in the Young (TEDDY) for 1 year. Methods Multiple lo-

gistic regression was used to discriminate 3,042 children active in TEDDY for the first 3 years from

432 children who withdrew in Years 2 or 3. Predictor variables were tested in blocks—demo-

graphic, maternal lifestyle behaviors, stress and child illness, maternal reactions to child’s in-

creased diabetes risk, in-study behaviors—and a final best model developed. Results Few de-

mographic factors predicted study withdrawal. Maternal lifestyle behaviors, accuracy of the mother’s

risk perception, and in-study behaviors were more important. Frequent child illnesses were associ-

ated with greater study retention. Conclusions Demographic measures are insufficient predictors

of later study withdrawal among those active in a study for at least 1 year; behavioral/psychological

factors offer improved prediction and guidance for the development of retention strategies.

Key words: adherence; diabetes; genetics and genetic disorders; longitudinal research; prevention/
control; research design and methods.

In 2001, the Human Genome Project reported fully se-
quencing the human genome. However, few diseases
are caused by single genes with complete penetrance.
Consequently, the field quickly moved to consider-
ation of gene–environment interactions, which seem
to underlie many of our greatest health care chal-
lenges—cancer, heart disease, and diabetes (Baccarelli
& Ghosh, 2012; Barouki, Gluckman, Grandjean,
Hanson, & Heindel, 2012; Brisson, Alves, & Pombo-
de-Oliveira, 2015; Nadeem et al., 2015; Sharafeldin
et al., 2015). For many diseases, early or lifelong expo-
sures may be critical to the development or prevention

of disease. Consequently, large longitudinal birth co-
hort studies are being conducted in Europe and the
United States (e.g., The Environmental Health Risks
in European Birth Cohorts Project, the National
Children’s Study) in an attempt to elucidate these
gene–environment interactions (Coughlin, 2014).

Type 1 diabetes is one of the most common chronic
diseases of childhood and is increasing worldwide
(DIAMOND Project Group, 2006; Patterson,
Dahlquist, Gyurus, Soltesz, & EURODIAB Study
Group, 2009; SEARCH for Diabetes in Youth Study
Group, 2006). The disease has long been known to
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have a genetic component, and recent scientific ad-
vances have identified the human leukocyte antigen
(HLA) locus as the critical area for identifying genetic
markers for Type 1 diabetes. Nevertheless, most chil-
dren with high-risk genes for Type 1 diabetes never de-
velop the disease, and only half of monozygotic twins
are concordant for the disease (Johnson, 2011;
Metcalfe et al., 2001). Consequently, it is widely be-
lieved that environmental exposures play a critical role
in disease onset among genetically at-risk children.

Funded by the National Institutes of Health, the
Environmental Determinants of Diabetes in the Young
(TEDDY) study seeks to identify possible environmen-
tal triggers of Type 1 diabetes mellitus in children at
increased genetic risk for the disease (The TEDDY
Study Group, 2007). Over 420,000 newborns were
screened for HLA-conferred Type 1 diabetes genetic
risk in sites across Finland, Germany, Sweden, and the
USA; 21,589 were identified as HLA-eligible and
8,676 joined the TEDDY study. Most participants
(89%) came from the general population, with no
first-degree Type 1 diabetes relative.

This longitudinal natural history study will follow
these genetically at-risk children for up to 15 years.
Because both the identification of TEDDY eligible in-
fants and their participation in TEDDY are time-
consuming and expensive for the investigators,
families, and the funders, loss of these valuable partici-
pants from TEDDY is a major concern. Significant
loss of study participants over time will reduce statisti-
cal power, further threatening the investigators’ ability
to meet the study objectives.

In an effort to address this important issue, we ini-
tially sought to identify characteristics of the TEDDY
sample—collected at study onset—that would success-
fully predict withdrawal from TEDDY among general
population families during the first year of the study
(Johnson et al., 2011). However, longitudinal studies
of potential gene–environment interactions, like
TEDDY, ask participants to remain in the study for
many years. Consequently, concerns about study with-
drawal are not limited to the first year of the study,
but remain important year after year, as the study con-
tinues. We were surprised to learn that few studies
have examined predictors of retention in long-term
observational studies of newborns; the few studies
that do exist focused primarily on demographic
variables and none examined a comprehensive set of
psychosocial and behavioral predictors (Aylward,
Hatcher, Stripp, Gustafson, & Leavitt, 1985;
Constantine, Haynes, Spiker, Kendall-Tackett, &
Constantine, 1993; Greene, Greenland, Olsen, &
North, 2011; Howe, Tilling, Golobardes, & Lawlor,
2013; Kotecha et al., 2010; Turner & le Souef, 2003;
Wolke et al., 2009).

While some variables may be associated with both
early and later study withdrawal, it is also possible

that other factors become important in predicting later
withdrawal. Families who stay in the study for more
than a year are likely different from those who leave a
study in the first year. Further, we have important ad-
ditional information on families who have been in
TEDDY for a full year that may prove useful to
understanding who leaves the study and who stays
2 and 3 years after study inception. Perhaps most im-
portantly, many of the behavioral factors collected in
the first year of TEDDY are potentially modifiable, of-
fering guidance for future efforts to enhance study
retention.

We conceptualized possible predictors of late with-
drawal in blocks, from those most removed from the
target behavior—study withdrawal—and least modifi-
able to those most likely to be related to study with-
drawal and potentially modifiable. Our first block
included demographic factors that are relatively easy
to collect and have been tied to study withdrawal in
other studies. Maternal lifestyle behaviors were con-
sidered next, as maternal smoking, alcohol use, work-
ing outside the home during pregnancy proved
predictive of study withdrawal during the first year of
TEDDY (Johnson et al., 2011). Our third block of
variables included measures of life stress and child ill-
ness collected during the first year of TEDDY. We hy-
pothesized that mothers who report more life stress
and more illness in their child might find the demands
of TEDDY more difficult. Our fourth block included
mothers’ reactions to the child’s increased risk for
Type 1 diabetes. We knew from prior work that ma-
ternal anxiety about the child’s increased risk and the
accuracy of her perceptions of the child’s risk at study
inception were important predictors of study with-
drawal in the first year (Johnson et al., 2011). We also
knew that maternal anxiety about a child’s diabetes
risk often declines over time and her risk perception
accuracy may decline over time as well (Johnson,
2011). Consequently, her reactions to her child’s in-
creased diabetes risk at study inception may not be as
important predictors of later withdrawal as her reac-
tions after a year of being in the TEDDY study. In ad-
dition, we had measures of maternal depression, not
available at study inception. Although no previous
long-term observational studies of newborns have ex-
amined maternal depression as a predictor of study
retention, two short-term intervention studies con-
ducted with mothers of young children found depres-
sion to be associated with study dropout (Bigatti,
Cronan, Anaya, 2001; Moser, Dracup & Doering,
2000). Our final block included measures of in-study
behavior. We expected that mothers who had the
most difficulty attending study visits, who had little fa-
ther support for the study, and who were more dissat-
isfied with the TEDDY experience would be more
likely to leave the study in years 2 or 3. We considered
both study compliance and satisfaction as

374 Johnson et al.

 at U
niversity of South Florida on O

ctober 21, 2016
http://jpepsy.oxfordjournals.org/

D
ow

nloaded from
 

http://jpepsy.oxfordjournals.org/


potentially modifiable. Although we did not consider
father support as necessarily modifiable, we did con-
sider the larger concept of social support as a factor
that could be modified.

The TEDDY study is unique in that it offers a
broad array of psychological and behavioral variables,
in addition to demographic variables, that may prove
important predictors of study withdrawal as late as 2
and 3 years after study inception. Behavioral and psy-
chological variables have been largely ignored in the
few studies that have attempted to examine study
withdrawal in long-term birth cohort studies. Unlike
demographic variables, which are largely unmodifi-
able, behavioral and psychological variables may
prove important not only for their predictive value but
because many of these factors are potentially modifi-
able, providing direction to retention efforts. This
guidance is important not only for TEDDY but for
other pediatric multiyear longitudinal studies that face
similar retention challenges.

Methods

The TEDDY Study
Parents of TEDDY eligible babies were fully informed
of the infant’s increased genetic risk as well as the de-
mands of study participation; all infants were required
to join the study before 4.5 months of age. The
TEDDY protocol is demanding with study visits every
3 months during the first 4 years of the child’s life and
every 6 months thereafter. Clinic visits involve blood
draws and other biologic sample collection. Blood
samples are regularly tested for the development of
autoantibodies, indicating possible progression to-
ward Type 1 diabetes. Parents are informed of all test
results and are asked to keep detailed records of the
child’s diet, illnesses, life stresses, and other environ-
mental exposures between study visits. The TEDDY
study was approved by relevant institutional review
board at each TEDDY site (The TEDDY Study
Group, 2007).

Study Sample
We first identified general population families who
were active in TEDDY during the first year of the
TEDDY study and who were at least 39 months of age
as of June 30, 2011 (n¼4,138). We excluded children
with a first-degree Type 1 diabetes relative because
few of these children leave TEDDY; only 22 of 458
children with a Type 1 diabetes relative withdrew in
years 2–3 of the TEDDY study. We also excluded any
child who developed Type 1 diabetes during the sec-
ond and third year of TEDDY (n¼54). The remaining
study sample was placed into three groups: Active—
defined as currently in the TEDDY study with a visit
within the last 6 months (n¼ 3,042); Late

Withdrawal—withdrew from the TEDDY study be-
tween 15 months and 39 months of age (n¼432); and
Inactive—listed as active in the study database but
with no data collected in the last 6 months (n¼152).
This analysis focused on a comparison of the Actives
and the Late Withdrawals. Inactives were removed
from the analysis because their status was unclear. We
also examined whether children who became autoanti-
body positive during the first year of TEDDY were
more or less likely to stay in TEDDY during Years
2–3; no significant effect was found, so these children
were retained in the current analysis. None of the chil-
dren included in this analysis received the retention in-
tervention developed from our prior studies (Johnson
et al., 2011, 2014), which was initiated with families
joining TEDDY in January of 2009 or later; all of the
families used in this analysis joined TEDDY before
March 1, 2008.

Predictors of Study Withdrawal
We organized possible predictors of study withdrawal
into five blocks, from those most removed from the
target behavior of interest—study withdrawal—and
least modifiable to those most likely to be related to
study withdrawal and potentially modifiable.

Block 1: Demographic
Demographic information was obtained from mater-
nal interviews and questionnaires and included the fol-
lowing: country of residence; child gender; child
ethnic-minority status (United States: the TEDDY
child’s mother’s first language is not English or the
mother was not born in the United States or the child
is a member of an ethnic minority group—yes/no;
Europe: the child’s mother’s first language or country
of birth is other than that of the TEDDY country in
which the child resides—yes/no); whether the TEDDY
child is an only child (yes/no); maternal age at the
child’s birth; maternal marital status (married or living
together vs. single parent); maternal education (pri-
mary education or high school, trade school or some
college, graduated from college); and crowding (num-
ber of persons in the household divided by the number
of rooms in the house). Because the crowding variable
was skewed, it was rescored to normalize the distribu-
tion (0¼ 0–0.49; 1¼ 0.50–0.59; 2¼0.60–0.75;
3¼0.76–1.00; 4¼>1.00).1

Block 2: Maternal Lifestyle Behaviors
Information on maternal lifestyle behaviors during
pregnancy and during the first year of TEDDY was
obtained from interviews and questionnaires and in-
cluded the following: smoking during pregnancy or

1 In follow-up analyses, we reran all statistical models using standard

scores and raw scores; there was no change in the results.
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during the first year of TEDDY (yes/no); reducing
work hours or not working at all during pregnancy
(yes/no); complete abstinence from alcohol during the
last trimester of the mother’s pregnancy (yes/no);
working outside of the home in the first year of
TEDDY (yes/no).

Block 3: Stress and Child Illnesses
Every 3 months, the TEDDY child’s mother was inter-
viewed about whether a serious negative life event (ill-
ness, injury, hospitalization, death, divorce, or
violence) had occurred in the past 3 months. We to-
taled the number of serious life events across all data
collection points in the first year of TEDDY; because
the data were bimodal, we created a yes/no variable as
to whether a serious negative life event had occurred
any time during the first year of TEDDY. Every 3
months, we also collected information on any illnesses
the child had during the preceding 3 months. These
data were summed across all data collection points in
the first year of TEDDY. Because these data were
skewed, the data were rescored to create a more nor-
mal distribution (1¼0–2 illnesses; 2¼ 3–4 illnesses;
3¼5–7 illnesses; 4¼8–10 illnesses; 5¼>10
illnesses).2

Block 4: Maternal Reactions to the TEDDY Child’s
Type 1 Diabetes Risk
In this block, we included two measures specifically
addressing the child’s increased diabetes risk: maternal
risk perception accuracy and maternal anxiety about
the child’s increased diabetes risk. We also included
two measures of maternal depression.

Maternal risk perception accuracy (accurate—
indicating that the mother perceived the TEDDY
child’s Type 1 diabetes risk as higher or much higher
than other children’s risk; underestimate—indicating
that the mother perceived the child’s risk as the same,
somewhat lower, or much lower than other children’s
Type 1 diabetes risk) was assessed by questionnaire at
study inception and at study visits scheduled when the
child was 6 and 15 months of age.

Maternal anxiety about the child’s Type 1 diabetes
risk was assessed using a six-item measure adapted
from the state component of the State-Trait Anxiety
Inventory (Hood, Johnson, Baughcum, She, & Schatz,
2006; Johnson et al., 2011; Speilberger, Gorsuch, &
Luschene, 1970) and given at the first TEDDY visit
and at two subsequent visits when the child was 6 and
15 months of age. The coefficient alphas for maternal
State Anxiety Inventory scores in this sample were ex-
cellent (a¼ .895 at first study visit; a¼ .901 at the 6-

month study visit; a¼ .904 at the 15-month study
visit).

Preliminary analyses indicated that risk perception
accuracy was highly correlated across time; the same
was true for the State Anxiety Inventory scores.
Consequently, we elected to use the 15-month mea-
sures in our predictive models. In cases where the 15-
month measure was missing, we used the 6-month
measure.

Maternal depression was assessed using the
Edinburgh Postnatal Depression scale (Cox, Holden,
& Sagovsky, 1987) collected at the child’s 6-month
study visit (coefficient a¼ .844)3 and the depression
subscale of Bradley’s Well Being scale (Bradley &
Lewis, 1990) administered at the child’s 15-month
study visit (coefficient a¼ .664). Responses on this
subscale were not normally distributed and were
rescored using a 3-point scale to normalize the distri-
bution (0¼0–1; 1¼ 2–4; 2¼�5).4

Block 5: In-Study Behaviors
Because TEDDY participants were recruited over sev-
eral years, we included the year of recruitment as an
in-study behavior variable given that recruitment be-
haviors by study staff may have changed over the
years (Year 1: September 2004–August 2005; Year 2:
September 2005–August 2006; Year 3: September
2006–August 2007; Year 4: September 2007–
February 2008). Other in-study behaviors included:
TEDDY father participation, study compliance, and
maternal study satisfaction.

The TEDDY child’s father was asked to complete a
brief survey at study inception, and at TEDDY visits
scheduled when the child was 6 months and 15
months of age. We examined how many fathers com-
pleted zero, one, two, or all three surveys during the
first year of TEDDY. The distribution was bimodal.
Consequently, we scored this variable 0/1 as to
whether the father had completed all three surveys.

Study compliance was measured by the number of
missed clinic visits and missed blood draws in the first
year of TEDDY. Each child was placed into one of
three groups: completed all visits and all blood draws,
completed all visits but missed one or more blood
draws, missed one or more clinic visits.

Maternal study satisfaction was assessed by ques-
tionnaire at TEDDY study visits scheduled when the
child was 6 and 15 months of age. Mothers were
asked: Overall, how do you feel about having your
child participate in the TEDDY study? (scored:

2 In follow-up analyses, we reran all statistical models using standard

scores and raw scores; there was no change in the results.

3 In a follow-up analysis, we replaced the Edinburgh Postnatal

Depression score with a categorical variable indicating whether the

score was above the clinical cutoff (�13); there was no change in

the results.

4 In follow-up analyses, we reran all statistical models using standard

scores and raw scores; there was no change in the results.

376 Johnson et al.

 at U
niversity of South Florida on O

ctober 21, 2016
http://jpepsy.oxfordjournals.org/

D
ow

nloaded from
 

http://jpepsy.oxfordjournals.org/


0¼ like it a lot, 1¼ like it a little, 2¼ it is ok or dislike
it); Do you think your child’s participation in TEDDY
was a good decision? (scored: 0¼ a great decision,
1¼ a good decision, 2¼ an ok decision or bad deci-
sion); Would you recommend the TEDDY study to a
friend? (scored: 0¼ yes, 1¼maybe, 2¼ no). The items
were significantly correlated and consequently were
summed to create a total satisfaction score. Because
the total satisfaction scores were not normally distrib-
uted and skewed toward 0, for analysis purposes, we
placed each respondent into one of four groups: very
satisfied (total score¼0); satisfied (total score¼1 or
2); somewhat satisfied (total score¼ 3 or 4); neutral/
dissatisfied (total score¼ 5 or 6). Because maternal
study satisfaction was highly correlated at 6 and 15
months, we selected the 15-month measure for inclu-
sion in the block. If the 15-month measure was miss-
ing, we used the 6-month measure.

Data Analysis
Multiple logistic regression was used to identify signif-
icant predictors of withdrawal from TEDDY in Years
2–3 of the study. We considered predictor variables in
blocks: demographic, maternal lifestyle behaviors,
stress and child illness, maternal reactions to the
child’s Type 1 diabetes risk, and in-study behaviors.
We initially created prediction models for each block
of variables. We then retained significant predictors
(p< .10) from each block in a full model. The full
model was further trimmed by eliminating through
backward selection any predictor with a p value
of> .05. Finally, receiver operating characteristic
(ROC) curves were used to evaluate the discrimina-
tory power of the models to identify families who
withdrew compared with those who did not. The area
under the ROC curve (AUC) was used to quantify the
predictive accuracy. An area of 1 represented a perfect
prediction; an area of 0.5 indicated random chance.
We calculated ROC curves for the model that included
only the significant demographic variables in Block 1
and the final model that included behavioral and psy-
chological variables. Analyses were conducted using
the Statistical Analysis Software (Version 9.4, SAS
Institute, Cary NC), and the figure was created using
GraphPad PRISM 5.03 (GraphPad Software Inc., San
Diego, CA).

Results

Table I provides the results of the multiple logistic re-
gression for each of the five blocks of variables. For
categorical measures, the sample size and percent of
participants withdrawing from TEDDY are provided.
For continuous variables, the mean and standard devi-
ation are provided. For all variables, the odds ratio,
95% confidence interval (CI), and p value are

provided. Sample size differs slightly across blocks be-
cause only subjects with no missing data for that block
were retained.

In the Demographic block, only-child status, youn-
ger maternal age at the child’s birth, less maternal edu-
cation, and household crowding were all associated
with leaving the TEDDY study. In the Maternal
Lifestyle Behavior block, not working or reducing
work hours during pregnancy and smoking were asso-
ciated with study withdrawal. In the Stress and Child
Illness block, child illness was associated with study
withdrawal but in the opposite direction expected;
children with more illness were more likely to remain
in the TEDDY study. In the Maternal Reactions to the
Child’s Risk for Type 1 Diabetes block, maternal risk
perception accuracy was predictive; mothers who
underestimated their child’s risk were more likely to
leave the TEDDY study. All of the variables in the In-
Study Behavior block were significant predictors of
study withdrawal. Participants recruited in the earliest
years of TEDDY, those whose fathers did not com-
plete all study surveys, those who missed blood draws
or study visits, and mothers least satisfied with the
TEDDY study were more likely to withdraw.

Table II provides the final best predictive model, in-
corporating variables from all five blocks. All of the
variables that were statistically significant in their own
block were retained in the final model. Maternal edu-
cation was dropped because it did not meet the
p< .05 criteria.

Figure 1 provides the ROC curves for the null
model (no predictors), the demographics-only model
(only-child status, maternal age, maternal education,
crowding), and the final model depicted in Table II.
For the demographics-only model, the AUC was 0.61,
95% CI¼ 0.58–0.64. Prediction substantially im-
proved when behavioral and psychological variables
were added to the model, AUC¼ 0.73, 95%
CI¼0.71–0.76.

Discussion

In this sample of participants who had been active in
TEDDY for a full year, two demographic variables—
only-child status and younger maternal age—were as-
sociated with leaving the TEDDY study in Year 2 or
3. Young maternal age was an important predictor of
study withdrawal in Year 1 of TEDDY (Johnson
et al., 2011) and has been associated with loss to fol-
low-up in a prior long-term birth cohort observational
study (Greene et al., 2011). Younger moms are less ex-
perienced and may find study demands more challeng-
ing. Only-child status appears to be rarely used in
studies of dropout. Wolke et al. (2009) found large
family size to be predictive of study dropout but did
not assess the impact of only-child families. Turner
and le Souef (2003) did not assess only-child status per
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se, but did find children who were first born or were
the only child in the study were more likely to leave
their study. Dickinson et al. (2012) failed to find an as-
sociation between only-child status and dropout in

their 5-year follow-up study of older children with ce-
rebral palsy. Only-child status may be particularly im-
portant for longitudinal studies of newborns, as
mothers are often more stressed with their first child
(Zinardo et al., 2009). This may translate into greater
difficulty dealing with the demands of the TEDDY
protocol. Prior pediatric cohort studies have found
maternal education to be an important predictor of
study retention (Constantine et al., 1993; Howe et al.,
2013; Turner and le Souef, 2003; Wolke et al., 2009).
We found it to be associated with dropout in the cur-
rent study, but the association was so weak that it was
not retained in the final model. Its importance may
have been diminished by the fact that this was a highly
educated sample; 56% of participating mothers were
college graduates. Crowding was the demographic
variable most strongly associated with leaving
TEDDY; families living in more crowded households
were more likely to withdraw. Crowding is often
linked to low socioeconomic status, which may under-
lie this association (Curtis, Corman, Noonan, &
Reichman, 2010), as low socioeconomic status has

Table II. Final Logistic Regression Model Predicting TEDDY Study Withdrawal in Years 2–3

Factors N or Mean (SD) OR 95%CI p-value

Only child
No 1,862 1.00 Ref
Yes 1,471 1.28 1.01–1.64 0.04

Maternal age (at child’s birth) 30.7 (5.0) 0.98 0.95–1.00 0.03
Household crowding (rooms/person)a 2.0 (1.2) 1.16 1.04–1.28 0.007
Worked during pregnancy

Reduced hours or did not work at all 1,648 1.37 1.09–1.72
Worked all trimesters 1,685 1.00 Ref 0.007

Maternal smoking
No 2,862 1.00 Ref
Yes 471 1.39 1.04–1.86 0.03

Number of child illnessesb 2.1 (1.2) 0.88 0.80–0.97 0.01
Maternal risk perception accuracy

Underestimate 1,364 1.43 1.15–1.79
Accurate 1,969 1.00 Ref 0.002

TEDDY recruitment cohort
Year 1 687 1.98 1.30–3.00
Year 2 990 2.12 1.43–3.13
Year 3 1,155 1.69 1.15–2.50
Year 4 501 1.00 Ref 0.002

Father’s participation in first year of TEDDY
Completed all 3 surveys 2,610 1.00 Ref
Completed 0, 1, or 2 surveys 723 1.58 1.21–2.04 0.0006

Study compliance in first year of TEDDY
No missed study visits or blood draws 000 2,670 1.00 Ref
Missed� 1 blood draw but not a study visit 516 1.98 1.51–2.60
Missed� 1 study visit 147 3.30 2.18–4.99 <0.0001

Maternal study satisfaction (15 months)
Very satisfied 1,469 1.00 Ref
Satisfied 909 1.89 1.42–2.51
Somewhat satisfied 677 2.45 1.82–3.29
Neutral/dissatisfied 278 4.19 2.93–6.00 <0.0001

aBecause the crowding variable was skewed, the data were rescored to normalize the distribution (1¼0–0.49; 2¼0.50–0.59; 3¼0.60–

0.75; 4¼0.76–1.00; 5¼>1.00).
bBecause the illness data were skewed, the data were rescored to normalize the distribution (1¼0–2 illnesses; 2¼3–4 illnesses; 3¼5–7

illnesses; 4¼8–10 illnesses; 5¼>10 illnesses).

Figure 1. ROC curves for null, demographics only, and final
model.
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been linked to study attrition in prior long-term obser-
vational birth cohort studies (Greene et al., 2011;
Howe et al., 2013; Kotecha et al., 2010; Wolke et al.,
2009).

Two maternal lifestyle behaviors were predictive of
study dropout in Year 2 or 3: maternal smoking and
not working or reducing work hours during preg-
nancy. Both variables were also predictive of TEDDY
dropout in Year 1 (Johnson et al., 2011). Parental
smoking has been associated with study attrition in
several previous long-term birth cohort studies
(Greene et al., 2011; Howe et al., 2013; Kotecha
et al., 2010; Turner & le Souef, 2003; Wolke et al.,
2009). We have speculated that maternal smokers
may be less health conscious and therefore more likely
to leave the TEDDY study. Maternal work status dur-
ing the first year of TEDDY did not predict study
withdrawal in Years 2–3. However, maternal work
status during pregnancy did predict; if a mother
worked all three trimesters during her pregnancy, she
was more likely to remain in TEDDY in Year 1 and in
Years 2–3. We can only speculate as to what may un-
derlie this highly reliable association; perhaps mothers
who choose to work throughout their pregnancy have
strong coping skills and are able to respond to life’s
demands—including pregnancy and the demands of
the TEDDY protocol—with greater ease than those
who choose to reduce their work hours or not work at
all when they are pregnant.

We did not find that stress was associated with
study withdrawal, and the frequency of child illnesses
was associated with withdrawal in a direction oppo-
site to what was expected; children with more re-
ported illnesses in the first year of TEDDY were more
likely to remain in the study. Because all children in
TEDDY are at increased risk for Type 1 diabetes, par-
ticipating mothers may view frequent illnesses as a
sign of impending diabetes and as a consequence re-
main in TEDDY. Alternatively, mothers who are con-
cerned about their child’s Type 1 diabetes risk may
become hypervigilant about the child’s health, report-
ing more child illnesses while remaining in the
TEDDY study. Because we have biomarkers of the
child’s illness episodes from stool and saliva samples,
in subsequent studies we will be able to determine
whether these mothers are overreporting their child’s
illnesses or the children are, in fact, ill more often.

We had several measures of maternal reactions to
the child’s increased diabetes risk, including measures
of risk perception, anxiety, and depression. Only risk
perception proved to be a significant predictor of
study withdrawal. Mothers who underestimated the
child’s risk for Type 1 diabetes were more likely to
leave the TEDDY study both in Year 1 (Johnson et al.,
2011) and in Years 2 and 3. This finding is important
not only because of its reliability but because so many
mothers underestimate the child’s risk; 39% of

mothers underestimated the child’s risk at study incep-
tion, 40% at 6 months and 41% at 15 months. Risk
underestimation occurred despite the fact that families
were informed of the child’s increased risk both orally
and in writing when they were recruited into TEDDY.
Other studies have reported high rates of risk underes-
timation among parents of children genetically at risk
for Type 1 diabetes (Carmichael, et al., 2003; Hood
et al., 2006). Despite our best efforts to fully inform
parents of their child’s diabetes risk, many parents do
not completely understand or accept this information.
This, in turn, has implications for study retention. In
this study, 10% of those with accurate risk percep-
tions and who were active in TEDDY for 1 year left
the study in Year 2 or 3 compared with 15% of those
who underestimated the child’s risk. We did not find
maternal depression to be a predictor of study dropout
in Years 2–3. Maternal depression may be a better
predictor of leaving a study early, in the first few
months of a study protocol (Bigatti et al., 2001;
Moser et al., 2000).

Consistent with our hypothesis, In-Study Behaviors
proved to be the most important predictors of study
withdrawal. All variables in this block were significant
and the block as a whole showed the strongest associa-
tion to study dropout. Families who were recruited
into TEDDY in the fourth year of the study had lower
Year 2–3 withdrawal rates than families recruited in
earlier years. We suspect that the TEDDY staff may
have developed greater skill at relating to TEDDY
families, leading to greater study retention. It is also
possible that study staff became more selective in their
recruitment efforts over time. The analysis of father
participation as a predictor of study withdrawal is
unique and its reliable association with study with-
drawal in both Year 1 (Johnson et al., 2011) and
Years 2–3 of TEDDY suggests this is a variable that
needs greater attention in pediatric longitudinal stud-
ies. Although 77% of fathers of children who were in
TEDDY for at least 1 year completed all study sur-
veys, the withdrawal rate for families whose fathers
failed to complete all of the surveys was nearly twice
as high (19%) as the withdrawal rate for families
whose fathers completed all surveys (10%).
Compliance with study visits during Year 1 of
TEDDY was also a predictor of study withdrawal in
Years 2–3. Most TEDDY parents (81%) who re-
mained in TEDDY for 1 year did not miss a single visit
or blood draw, and only 9% of these families left
TEDDY in Years 2–3. In contrast, 19% of those who
missed a blood draw and 36% of those who missed a
study visit left TEDDY in Years 2–3. It appears that
measures of study compliance are good indicators of
those families who will ultimately leave a study. A
long-term study of quality of life of children with cere-
bral palsy reported similar results (Dickinson et al.,
2012). Maternal dissatisfaction with the study also
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proved to predict leaving TEDDY in Years 2–3. Only
8% of families exhibiting the highest maternal satis-
faction left TEDDY compared with 23% of those ex-
pressing the most dissatisfaction.

Although studies of participant dropout have his-
torically focused on demographic variables, the results
of this study’s multiple logistic regression and ROC
curve analyses suggest that behavioral and psychologi-
cal variables are important and underutilized predic-
tors. The ultimate goal of any effort to predict study
withdrawal is to develop strategies to enhance study
retention. Most demographic predictors are not ame-
nable to change. In contrast, many behavioral and
psychological variables are amenable to change. In
this study, several significant predictors of study with-
drawal—risk underestimation, study compliance, and
study satisfaction—are potentially modifiable. There
is an evidence-based literature on risk communication
(Trevena et al., 2013) that could be used to develop
new strategies to improve parents’ understanding of
their child’s Type 1 diabetes risk. Tailored interven-
tions could be developed targeting families who are
missing study visits. Structures could be put in place to
assess and address any dissatisfaction families may be
experiencing in TEDDY. Other important predic-
tors—cohort year and father participation—could be
further explored to discern potential avenues for inter-
vention. For example, retention efforts by study staff
may be examined to discern those that are most effec-
tive. While father participation per se may not be eas-
ily modifiable, efforts to increase social support in
families with poor father participation may be one
strategy. Of course, whether such efforts result in im-
proved retention rates must be subject to empirical
scrutiny.

Study limitations include its focus on a highly edu-
cated sample of families from the general population
whose infants were identified as genetically at-risk for
Type 1 diabetes. Consequently, the results may not be
applicable to other populations. Although the inclu-
sion of behavioral and psychological variables mark-
edly improved the prediction model over one limited
to demographic variables, the ROC curve for the final
model clearly indicates that other unmeasured vari-
ables remain to be identified to further improve pre-
dictive power. Further, this study focused on
withdrawal in Year 2 or 3; the study is projected to
continue until the child is 15 years of age. Study reten-
tion will continue to be a major concern, and the pre-
dictors of retention and withdrawal may well change
as the child becomes older.

Nevertheless, the current study’s findings will guide
retention efforts in TEDDY and may prove useful to
others conducting pediatric multiyear longitudinal
birth cohort studies. Long-term studies of gene–
environment interactions present formidable chal-
lenges in both identification of at-risk children at a

young age and intensive monitoring of environmental
exposures. Retention of participants is critical if study
investigators hope to meet their scientific objectives.
However, the literature on factors associated with
study withdrawal and retention is sparse, has rarely
focused on studies with long follow-ups and has been
primarily limited to demographic variables. Our find-
ings suggest that the inclusion of psychological and be-
havioral measures may improve our scientific
understanding of why participants join studies and
stay or leave them. Perhaps equally important, such
variables offer possible avenues for protocol modifica-
tion to improve study retention.

Supplementary Data

Supplementary data can be found at: http://www.jpepsy.
oxfordjournals.org/. TEDDY Study Group members are pro-
vided at (list web link).
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