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Abstract 

Background Compliance with a study protocol is central to meeting its research goals. In longitudinal research 
studies, data loss due to missed visits limit statistical power and introduce bias. The Environmental Determinants 
of Diabetes in the Young (TEDDY) study is a longitudinal multinational (US, Finland, Germany, and Sweden) investiga-
tion of children at risk for type 1 diabetes (T1D) that seeks to identify the environmental triggers of islet autoimmunity 
and T1D. The purpose of the current study was to identify sociodemographic variables and maternal characteristics 
assessed in the first year of TEDDY that were associated with study visit compliance in the subsequent 3 years.

Methods Sociodemographic variables, maternal life-style behaviors, post-partum depression, maternal reactions 
to the child’s T1D risk, and study-related variables were collected at child-age 6 months and 15 months. Multiple linear 
regression was used to examine the association of these variables to study visit compliance in the subsequent 3 years.

Results Study visit compliance was highest in Sweden (p > 0.001), in children who were their mother’s first child 
(p > 0.001), and whose mothers were older (p > 0.001) and more satisfied with the TEDDY study (p > 0.001). Father 
participation was also associated with better study visit compliance (p > 0.001). In contrast, children whose moth-
ers smoked (p > 0.001), suffered from post-partum depression (p = 0.034), and were more anxious about their child’s 
T1D risk (p = 0.002), completed fewer visits. Father’s study satisfaction was also associated with study visit compliance 
(p = 0.029); however, it was not significant in models that included maternal study satisfaction.

Conclusions Sociodemographic variables, maternal characteristics—including study satisfaction—and fathers’ 
participation in the first year of a longitudinal study were associated with subsequent study visit compliance in a sam-
ple of children genetically at-risk for T1D followed for 4 years. This information can inform future strategies designed 
to improve study visit compliance in longitudinal pediatric studies.

Trial registration: NCT00279318, 06/09/2004.
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Background
Compliance with a study protocol is central to meeting 
its research objectives. In longitudinal research studies, 
data loss due to missed visits can reduce power, intro-
duce bias and can be particularly problematic when the 
timing of biological markers or other outcome variables 
is critical to the study’s goals. Longitudinal research with 
pediatric populations is challenging, since adherence to 
the study protocol depends both on the parents and the 
child. Although several studies have focused on factors 
associated with study drop out [1–6], identifying fac-
tors associated with study visit compliance among those 
who remain in longitudinal pediatric research studies 
is equally important. However, only a few pediatric tri-
als have addressed this issue. A study of children with 
Marfan syndrome over a 3-year period found better visit 
compliance among younger patients, white vs African 
American patients, and those with no family history for 
the disease. In addition, there were important site differ-
ences; sites with higher study visit completion rates used 
more strategies, had more staff resources and lower staff 
turn-over [7]. The Childhood Asthma Management Pro-
gram followed over 1000 children with asthma for 4–6 
years. Older children with milder asthma and who had 
more behavioral, emotional, or social problems at study 
inception missed more visits over the course of this lon-
gitudinal study [4].

Type 1 diabetes (T1D) is one of the most common auto-
immune diseases in children and is caused by destruction 
of the insulin producing beta-cells in the pancreas. Both 
the genetic profile associated with increased risk for this 
disease as well as the islet autoantibodies associated with 
this autoimmune process have been identified. While 
most children who are genetically at-risk for T1D will 
not go on to develop the disease, almost all children who 
develop multiple islet autoantibodies will develop the dis-
ease [8]. The Environmental Determinant of Diabetes in 
the Young (TEDDY) study is an international longitudi-
nal investigation that seeks to identify the environmen-
tal triggers of islet autoimmunity and T1D by following 
children at increased genetic risk from birth to 15 years 
of age [9]. Study visit compliance is critical to the timely 
identification of islet autoantibodies in this population.

Previous TEDDY reports have identified factors asso-
ciated with study drop-out that may be important for 
study visit compliance, including sociodemographic fac-
tors, maternal life style behaviors, maternal reactions to 
the child’s risk for T1D, and the satisfaction with TEDDY 
study participation; father participation was also associ-
ated with greater study retention [6, 10]. Compliance 
with Oral Glucose Tolerance Test protocol among mul-
tiple islet autoantibody positive children was also exam-
ined in TEDDY. Children from Sweden and Finland 

compared to children from US and Germany, children 
whose mothers were more satisfied with study participa-
tion, and who monitored their child at home by checking 
the child’s blood glucose were more likely to be adherent 
with the Oral Glucose Tolerance Test protocol. In con-
trast, children seen on a long-distance protocol (instead 
of attending a TEDDY study center), who had a first 
degree relative with T1D, and whose mother underesti-
mated the child’s T1D risk were less compliant with this 
aspect of the protocol [11].

The purpose of this study was to identify sociodemo-
graphic and maternal characteristics assessed in the 
first year of the TEDDY study that predicted study visit 
compliance in the subsequent 3 years among families 
who remained enrolled in the study for at least 4 years. 
Potentially modifiable characteristics were of particular 
interest, since these might be used to improve study visit 
compliance in the future. Since maternal study satisfac-
tion has been associated with both TEDDY drop-out and 
Oral Glucose Tolerance Test compliance [10, 11], this 
potentially modifiable variable was of particular interest. 
In TEDDY, study satisfaction has been associated with 
both site-related factors (country, staff consistency) and 
parental characteristics (accuracy of the parents’ percep-
tion of the child T1 D risk and beliefs that something can 
be done to prevent the disease in the child)[12].

Based on the literature and previous publications in 
TEDDY, we hypothesized that the following variables 
measured in year 1 of the TEDDY study would predict 
study visit compliance in years 2–4: (1) sociodemo-
graphic variables, including country of residence, child 
age, sex, first born status, ethnic-minority status, family 
history of T1D, and maternal age [6, 7, 10, 11]; (2) mater-
nal life style behaviors, including smoking and work-
ing outside the home [6, 10]; (3) maternal post-partum 
depression [2]; (4) maternal reactions to the child’s risk 
for T1D, including her perception of the child’s risk for 
T1D and her anxiety about that risk [6, 10, 11], and (5) 
study-related variables, including parent study satisfac-
tion and father participation in the TEDDY study [6, 10, 
11]. To our knowledge this is the most comprehensive 
attempt to identify factors measured in year 1 of a lon-
gitudinal pediatric study that predict study visit compli-
ance in the subsequent 3 years.

Methods
The TEDDY study
This multinational longitudinal study is following chil-
dren at genetic risk for T1D from birth to 15 years of age 
in an effort to identify the environmental triggers of islet 
autoimmunity and T1D. Children were screened at birth 
for genetic risk for T1D using human leukocyte antigen 
(HLA) genotyping in four different countries (Finland, 
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Germany, Sweden, and US) between 2004 and 2010 
[13]. Over 8,600 HLA-eligible children were enrolled 
before 4.5 months of age and followed with four visits 
per year until 4 years of age and then two times per year 
until 15 years of age. The protocol includes interviews, 
questionnaires, food records, blood draws and other 
samples. Blood samples were collected at each visit and 
screened for three different islet autoantibodies: glu-
tamic acid decarboxylase, insulinoma-associated protein 
2, and insulin. The frequent study visits were designed 
to permit the investigators to identify the onset of islet 
autoantibodies in a timely manner. Parents of children 
who develop islet autoantibodies during the study were 
informed of their child’s increased risk for T1D. Each 
country’s ethical research review board approved the 
study and all parents’ consent to the study at enrollment 
[9].

Study sample/population
For this study, the focus was on the still enrolled, never 
withdrawn, and active participants (with at least one visit 
per year) at child-age 48 months (n = 4916). We excluded 
children who developed any of the T1D-related autoan-
tibodies before 4 years of age (n = 316), as this informa-
tion may affect study participation and is the subject of a 
separate investigation. The current analysis consisted of 
4600 TEDDY families who were active participants from 
3.5 months to 48 months of age.

Study visit compliance
To measure study compliance at 4 years of age, we used 
the number of completed visits between the child-age 18 
months and the child-age 48-month visit; 11 visits were 
scheduled during this interval. Since the study inclusion 
criteria included at least one visit per year, the range of 
the number of completed visits was necessarily restricted 
from 3 to 11.

Predictors of study visit compliance
Sociodemographic variables
Information about country of residence, child sex, moth-
er’s age at the birth of the child, child ethnic minority 
status, and if the child belongs to a family with a relative 
(mother, father, or sibling) with T1D (yes/no) was col-
lected at initial screening in the study. US participants 
were considered as ethnic minority if the mother was not 
born in the US, the mother’s first language is not English, 
or the child is Hispanic or identifies as a race other than 
white. For the European subjects, if the mother was born 
in another country, or her first language is other than the 
language of the country in which the child resides, the 
child is considered an ethnic minority. Additional infor-
mation collected at the child-age 9-month visit included 

whether the child was the mother’s first child (yes/no), 
whether the mother is a single parent (yes/no) and the 
mother’s education level (graduated college/university or 
higher; graduated trade school or some collage/university 
education; primary school through some trade school).

Maternal lifestyle‑related variables
At the child-age 9-month visit, information about 
whether the mother smoked (yes/no) and worked outside 
the home (yes/no) was collected.

Post‑partum depression
At the child-age 6-month visit, mothers completed the 
Edinburg Postnatal Depression Scale. Mothers’ scores 
were coded as ≥ 13, the cutoff score for clinical depres-
sion (yes/no) [14].

Maternal reactions to the child’s T1D risk
Maternal anxiety about the child’s T1D risk, the accuracy 
of the mother’s perception of the child’s T1D risk, and 
the mother’s belief that something can be done to reduce 
their child’s T1D risk was assessed using a questionnaire, 
administered at the child-age 6 months and 15-month 
visits and annually thereafter. In the current analysis, 
we used data collected at the first annual (child-age 15 
months) visit. If data were missing at the 15-month visit, 
data from the questionnaire completed at the child-age 
6-month visit were used. Maternal anxiety about the 
child’s T1D risk is measured by a 6-item short form [15] 
of the state anxiety component of the State Trait Anxi-
ety Inventory (STAI)1 [16]. The 6-item short form has 
been used to measure parental anxiety in numerous 
T1D screening studies [15, 17–19]. Parents are asked 
to respond to the following question: “When you think 
about your child’s risk for developing diabetes, you feel”: 
followed by three anxiety absent and three anxiety pre-
sent items. The score from the short 6-item State Anxiety 
Inventory (SAI) was converted into the original 20-item 
score [15]. The SAI is reliable in this study population 
(α = 0.90 for the child-age 15-month questionnaire). The 
measure appears stable between the child-age 6- and 
15-month assessments (r = 0.74).

The accuracy of the mother’s perception of her child’s 
T1D risk was measured by the following question: “Com-
pared to other children, do you think your child’s risk 
for developing diabetes is: Much lower, somewhat lower, 
about the same, somewhat higher, or much higher.” 
Mothers responding much higher or somewhat higher 

1 Copyright © 1968, 1977 by Charles D. Spielberger. State- Trait Anxiety 
Inventory for Adults requires license purchase and is a trademark of Mind 
Garden, Inc.
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were considered accurate, all others as inaccurate. This 
measure has been used in previous studies with parents 
of children at risk for T1D [11, 12, 18, 20].

A mother’s belief that something can be done to reduce 
the child’s T1D risk was measured by two questions. “I 
can do something to reduce my child’s risk of developing 
diabetes” and “Medical professionals can do something 
to reduce my child’s risk of developing diabetes.” On a 
five-point (0–4) scale, mothers agreed or disagreed with 
the two statements and answers were combined, with 
higher scores indicating stronger belief that something 
can be done to reduce the risk of the child to develop-
ing the disease. Reliability estimates for this study popu-
lation ranged from α = 0.66 on the child-age 15-month 
questionnaire to α = 0.71 on the child-age 6-month ques-
tionnaire. The measure has been used in previous studies 
with parents of children at risk for T1D [11, 12, 21].

Study‑related variables
At child-age 6 months, 15 months and annually there-
after a questionnaire was used to measure parent study 
satisfaction using three items: (1) “Overall, how do you 
feel about having your child participate in the TEDDY 
study? (scored 2 = like it a lot, 1 = like it a little, 0 = it is 
ok or dislike it),” (2) “Do you think your child’s participa-
tion in TEDDY was a good decision? (scored: 2 = a great 
decision, 1 = a good decision, 0 = an ok decision or bad 
decision)’” and (3) “Would you recommend the TEDDY 
study to a friend? (scored: 2 = yes, 1 = maybe, 0 = no).” 
Since these items were highly correlated, they were 
summed to create a total satisfaction score with a range 
of 0–6, with higher scores indicating greater satisfac-
tion with study participation. The measure is reliable for 
both mothers (α = 0.77 on the child-age 15-month ques-
tionnaire) and fathers (α = 0.81) and showed evidence of 
stability between responses on the child-age 6-month 
and 15-month questionnaires (r = 0.66 for mothers and 
r = 0.65 for fathers). This measure has been used in previ-
ous studies with populations at-risk for T1D [10–12, 22, 
23].

Father’s participation in the study is measured by com-
pletion of the father’s annual questionnaire at child-age 
15 months (yes/no).

Data analysis
ANOVA was used for continuous variables and the 
Chi-squared test for categorical variables when test-
ing for univariate differences in means and proportions, 
respectively, between groups. Multiple linear regression 
was used to identify variables collected in year 1 of the 
TEDDY study that predicted study visit compliance dur-
ing the subsequent 3 years (until child-age 4 years). Vari-
ables were added into the regression model in 5 different 

blocks (sociodemographic, mother’s lifestyle behaviors, 
post-partum depression, mother’s reactions to the child’s 
T1D risk, and mother’s study satisfaction/father’ partici-
pation); variables with a p value < 0.10 were retained in 
the analysis until the final model. The final model only 
included variables with a p value < 0.05. To ease the inter-
pretation of the variables for mother’s age at the child’s 
birth and mother’s anxiety measured with the SAI, we 
divided the mother’s age by five and the SAI by its stand-
ard deviation (SD = 9.5). A follow-up analysis examined 
whether father study satisfaction, measured in the first 
year of the TEDDY study, provided an additional sig-
nificant contribution to the model. Because prior studies 
have found that participating in TEDDY using a long-
distance protocol, instead of attending a TEDDY study 
center, is associated with poorer study compliance [11, 
24], whether or not the child was on a long-distance pro-
tocol (n = 284) was treated as a co-variate in all models.

All statistical analysis were conducted using SPSS ver-
sion 27 (IBM SPSS Statistics for Windows, Armonk, Ny: 
IBM Corp).

Results
Among the included families (n = 4600) in this analysis, 
n = 2784 (60.5%) completed all 11 study visits scheduled 
between child-age 18 and 48 months (M = 10.1, SD = 1.5, 
range 3–11). All variables used in the analysis collected 
before or at the child-age 15-month visit are described 
in Table 1. Also provided are the univariate associations 
of these variables to the number of study visits subse-
quently completed between child-age 18 and 48 months. 
At the univariate level, several variables were unrelated 
to missed visits during child-age 18–48 months: child 
sex, whether the mother was a single parent, whether 
the mother was working outside the home at child-age 
9 months, and whether the mother believed something 
could be done to reduce the child’s T1D risk (assessed at 
the child-age 15-month study visit).

The results of the multivariate model are provided 
in Table  2. Children from Sweden (p < 0.001), who were 
their mother’s first child (p < 0.001), who had older moth-
ers (p < 0.001), whose father actively participated in the 
study (p < 0.001) and whose mothers were more satisfied 
with study participation during the first year of TEDDY 
(p < 0.001) completed more clinic visits in the subsequent 
3 years of the study. In contrast, ethnic-minority children 
(p = 0.049), children who had mothers who smoked dur-
ing their infancy (p < 0.001), whose mothers had high 
scores on the Edinburgh Postnatal Depression scale 
(p = 0.034), and whose mothers expressed higher anxiety 
about the child’s T1D risk during the first year of TEDDY 
(p = 0.002) completed fewer study visits in the subsequent 
3 years of TEDDY. Of mothers with the highest possible 
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Table 1 Associations between early collected study variables and study visit compliance in the subsequent 3 years

Variable n (%) or mean (SD) Mean (SD) of number of completed visits or correlation (r) 
with number of completed visits. From 18–48 months of age

p value^

Sociodemographic

Country  < 0.001

 US 1754 (38.1) 10.11 (1.42)

 Finland 1058 (23.0) 9.92 (1.57)

 Germany 204 (4.4) 8.30 (2.26)

 Sweden 1584 (34.4) 10.49 (1.03)

Child sex 0.814

 Female 2247 (48.8) 10.11 (1.42)

 Male 2353 (51.2) 10.12 (1.78)

First degree relative with type 1 diabetes  < 0.001

 No 4196 (91.2) 10.15 (1.42)

 Yes 404 (8.8) 9.75 (1.78)

Child ethnic minority 0.001

 No 3890 (84.6) 10.16 (1.42)

 Yes 590 (12.8) 9.93 (1.56)

 Missing 120 (2.6)

First child 0.003

 No 2639 (57.4) 10.08 (1.47)

 Yes 1917 (41.7) 10.21 (1.39)

 Missing 44 (1.0)

Parents living together 0.687

 No 132 (2.9) 9.93 (1.55)

 Yes 4427 (96.2) 10.14 (1.43)

 Missing 41 (0.9)

Mothers education  < 0.001

 Higher education 2700 (58.7) 10.22 (1.38)

 Trade school 1040 (22.6) 9.90 (1.58)

 Basic primary education 831 (18.1) 10.12 (1.44)

 Missing 29 (0.6)

Mothers age at child’s birth 4600
31.1 (4.9)

r = 0.06 0.005

Maternal lifestyle variables#

Smokes  < 0.001

 No 4221 (91.8) 10.16 (1.42)

 Yes 344 (7.5) 9.72 (1.63)

 Missing 35 (0.8)

Works outside home 0.227

 No 2921 (63.5) 10.11 (1.46)

 Yes 1622 (35.3) 10.17 (1.38)

 Missing 57 (1.2)

Maternal postpartum depression* 0.081

 No 4092 (89.0) 10.17 (1.41)

 Yes 357 (7.8) 9.92 (1.61)

 Missing 151 (3.3)

Maternal reactions to child’s type 1 diabetes risk

Risk perception 0.055

 Underestimate 1721 (37.4) 10.19 (1.39)

 Accurate 2837 (61.7) 10.10 (1.47)

 Missing 42 (0.9)
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study satisfaction scores at child-age 15 months (scores of 
5 or 6; n = 2842), 65% completed all study visits between 
18 and 48 months compared to 48% of mothers least sat-
isfied with the study [scores 0–2; (n = 607)] (Fig. 1).

Several variables significantly related to subsequent 
study visit completion in the univariate analyses (Table 1) 
were no longer significant in the multivariate analysis: 
family history of T1D, maternal education, and maternal 
T1D risk perception accuracy (which only approached 
significance in the univariate model).

In a subsequent analysis, we reran the model using 
fathers’—instead of mothers’—data and found father’s 
study satisfaction at child-age 15 months also was asso-
ciated with subsequent study visit compliance (p = 0.029; 
see Table 3). However, when father’s study satisfaction at 
child-age 15 months was added to the mothers’ model 
depicted in Table 2, it was not significant. The correlation 
between mother’s and father’s study satisfaction at child-
age 15 months was r = 0.413. Finally, we reran the multi-
variate model, eliminating whether or not the child was 
on a long-distance protocol as a covariate; the results did 
not change.

Discussion
No previous pediatric longitudinal screening studies have 
comprehensively investigated factors collected in the first 
year of the study that predicted study visit compliance in 
the subsequent 3 years of the study. Consistent with prior 
reports [7, 25, 26], we found the child’s ethnic-minority 
status was associated with poorer study visit compli-
ance, suggesting that ethnic-minority families may need 

greater—or different kinds of—support to be successfully 
engaged in research studies.

Older mothers and mothers whose TEDDY child was 
their first child were more likely to complete clinic visits, 
while mothers who smoked were less compliant; these 
same variables have previously been found to be associ-
ated with study drop-out [6, 10]. Older mothers have 
more life experience and may be more psychologically 
mature and more financially stable, enabling them to bet-
ter manage the demanding TEDDY research protocol. 
When the TEDDY child is the mother’s first child, she 
may feel she has sufficient time to devote to study tasks as 
she is not caring for additional children at the start of the 
TEDDY study. In contrast, mothers who smoke may be 
less health conscious and, therefore, more likely to com-
plete fewer study visits or withdraw from a study.

Although prior studies have found family history of 
the disease was associated with study compliance [7, 11], 
we did not find that to be the case in the current study. 
This suggests that role of a family history of a disease 
may differ between those with a disease vs those at risk 
for a disease. Similarly, family history may be more or 
less important to compliance with certain aspects of a 
study protocol. For example, parents who are already liv-
ing with diabetes may view an Oral Glucose Tolerance 
Test as less important—since they are well aware of the 
signs and symptoms of T1D—compared to parents with 
no family history with the disease, leading to differen-
tial rates of compliance with an Oral Glucose Tolerance 
Test study protocol. In contrast, study visits to monitor a 
child for the development of islet autoantibodies may be 

Excluded: children autoantibody positive before 48 months
# Maternal lifestyle behaviors were assessed at child-age 9 months

*Postpartum depression was measured by the Edinburgh Postnatal Depression Scale at child-age 6 months; scores ≥ 13 were considered indicative of depression
+ Defined as completing the child-age 15-month questionnaire

^P value are calculated for group differences for the categorical variables and for the continuous variables the correlation between the variable and the completed 
visits

Table 1 (continued)

Variable n (%) or mean (SD) Mean (SD) of number of completed visits or correlation (r) 
with number of completed visits. From 18–48 months of age

p value^

Anxiety (SAI) 4342
33.8 (9.4)

r = 0.06 0.050

Belief that child’s T1D risk can be reduced 4558
4.8 (1.7)

r = 0.03 0.157

Study-related variables

Mother’s study satisfaction score 4556
4.7 (1.6)

r = 0.13  < 0.001

Father’s study satisfaction score 4363
4.2 (1.8)

r = 0.07 0.001

Father’s  participation+  < 0.001

 No 579 (12.6) 9.42 (1.93)

 Yes 4021 (87.4) 10.22 (1.35)
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equally important to both groups, resulting in no differ-
ences in study visit compliance between those with and 
without a family history of the disease.

We found that Swedish families were more likely to 
follow the study protocol and complete their study vis-
its compared to families from the US, Finland, and Ger-
many. Although all sites follow the same protocol, there 
are important operational differences. For example, Swe-
den assigns a single staff person to each TEDDY child, 
emphasizing staff continuity, while children in US sites 
may see a different study staff person at different clinical 
visits. Another explanation may be the different length of 
the maternal leave in Europe compared to US; it’s more 
common in the European countries to stay home during 
the first year of the child’s life and it may influence the 

family’s ability to manage the demanding study protocol. 
Although these site differences were not the focus of this 
study, future studies may benefit from greater consid-
eration of staffing practices and other contextual factors 
associated with study visits.

A systematic literature review found mixed findings 
with regard to maternal depression; some studies found 
mother’s level of depression was associated with study 
withdrawal, but others did not find that association [27]. 
In TEDDY, maternal post-partum depression was not 
associated with drop-out [10], but was associated with 
lower study visit compliance up to child-age 48 months. 
A previous publication noted that mothers with mild 
to moderate levels of depression stayed in the study but 
were more likely to need additional time to complete the 

Table 2 Final multivariate model associations between early collected variables and subsequent study visit compliance (mothers 
data)

Subject excluded: children islet autoantibody positive before 4 years of age. Long Distance Participation status was used as a covariate in the analysis.

°Mother’s age. In the analysis mother’s age/5 is used. ^Maternal lifestyle behaviors were assessed at child-age 9 months. *Postpartum depression was measured by 
the Edinburgh Postnatal Depression Scale at child-age 6 months; scores ≥ 13 were considered indicative of depression. #Mothers anxiety was measured by SAI at 
child-age ≤ 15 months. In the analysis mothers SAI/SD is used. ¤Mothers study satisfaction was measured at child-age ≤ 15 months. §Father’s study participation was 
measured at child-age 15 months

Variable n B 95%CI p value

Sociodemographic

Country  < 0.001

 Sweden 1491 Reference

 US 1426 − 0.17 − 0.26, − 0.08

 Germany 185 − 1.85 − 2.07, − 1.62

 Finland 899 − 0.36 − 0.47, − 0.26

Child ethnic minority 0.049

 No 3520 Reference

 Yes 481 − 0.12 − 0.25, 0.000

First child  < 0.001

 No 2303 Reference

 Yes 1698 0.15 0.07, 0.23

Mother’s age at child’s birth° 4001 0.09 0.04, 0.13  < 0.001

Maternal Lifestyle variables^

Mother smokes  < 0.001

 No 3728 Reference

 Yes 273 − 0.32 − 0.47, − 0.16

Maternal post-partum depression* 0.034

No 3686 Reference

Yes 315 − 0.15 − 0.29, − 0.01

Maternal reactions to child’s type 1 diabetes risk

Anxiety (SAI)# 4001 − 0.06 − 0.10, − 0.02 0.002

Study-related variables

Maternal study  satisfaction¤ 4001 0.06 0.04, 0.09  < 0.001

Father’s  participation§  < 0.001

 No 303 Reference

 Yes 3698 0.60 0.46, 0.74



Page 8 of 11Melin et al. European Journal of Medical Research          (2023) 28:592 

study protocol [2]. Maternal depression may not always 
lead to study drop-out, although these mothers may be 
more likely to miss study visits and need more support to 
be able to manage a demanding research protocol.

Mother’s anxiety about the child’s T1D risk was also 
associated with lower study visit compliance. Similar 
to post-partum depression, maternal anxiety about the 
child’s T1D may not always be associated with study 
dropout [10] but is associated with lower study visit com-
pliance [28]. Anxious mothers, similar to mothers with 
post-partum depression, may stay in the study but may 
be more likely to miss study visits, perhaps in an effort to 
avoid increased anxiety associated with any TEDDY visit.

Father’s participation in the TEDDY study has been 
found to be associated with study retention; families 
whose fathers did not complete his study questionnaire 
were more likely to withdraw from the study [6, 10]. In 
the current study, 87% of the fathers completed the ques-
tionnaire at child-age 15 months and father participation 
was found to be associated with study visit compliance in 
the subsequent 3 years. We can only speculate that in a 
family, where both parents are actively participating, the 
burden can be shared or at least the mother feels emo-
tionally supported by the father in her efforts to comply 
with the TEDDY visit schedule.

The TEDDY study previously reported that maternal 
study satisfaction in the first year of study participation 
predicted study drop-out in the subsequent 2–3 years; 
more dissatisfied mothers were more likely to drop out 
[10]. In the current study, we found mother study satis-
faction at the end of the first year of the TEDDY study 
predicted study visit compliance from child-age 18–48 
months; more satisfied mothers after 1 year in the study 
are more likely to complete more study visits in the 
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with (1) no missed visits, (2) 1 or 2 missed visits, and (3) more than 2 missed visits from child-age 18 months to 48 months by mothers study 
satisfaction score at 15 months

Table 3 Final multivariate model associations between early 
collected variables and subsequent study visit compliance 
(fathers data)

Subject excluded: children islet autoantibodies positive before 4 years of age

Long distance participation status was used as a covariate in the analysis

°Father’s age. In the analysis fathers age/5 is used
¤ Fathers’ study satisfaction was measured at child-age ≤ 15 months

Variable n B 95%CI p value

Sociodemographic

Country  < 0.001

 Sweden 1492 Reference

 US 1472 − 0.19 − 0.29, − 0.10

 Germany 188 − 1.93 − 2.15, − 1.71

 Finland 909 − 0.41 − 0.51, − 0.30

Child ethnic minority 0.009

 No 3566 Reference

 Yes 495 − 0.16 − 0.29, − 0.04

First child  < 0.001

 No 2339 Reference

 Yes 1722 0.16 0.08, 0.24

Father’s age at child’s birth 4061 0.07 0.04, 0.11  < 0.001

Study-related variables

Fathers’ study satisfaction 4061 0.02 0.002, 0.05 0.029
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subsequent 3 years of the study. We also found that father 
satisfaction after 1 year in the study was also related to 
study visit compliance, with more satisfied fathers after 
1 year in TEDDY having children who completed more 
clinical visits in the subsequent 3 years. However, father 
study satisfaction did not contribute above and beyond 
mother satisfaction in our multivariate model, perhaps 
because the two are moderately correlated. In TEDDY, 
study satisfaction has been associated with both site-
related factors (country, staff consistency) and parental 
characteristics (accuracy of the parent’s perception of the 
child T1D risk and beliefs that something can be done 
to prevent the disease in the child) [12]. Since maternal 
study satisfaction has been associated with TEDDY drop-
out [10], Oral Glucose Tolerant Test compliance [10, 
11], and study visit compliance, this potentially modifi-
able variable may be an important variable to consider in 
future study design.

Our findings could be used to improve study visit 
compliance in several ways. Variables collected early in 
a study that are associated with subsequent study visit 
compliance could be used to create a risk score to iden-
tify the subgroup of participants at greatest risk for poor 
visit compliance. These families would then have addi-
tional resources devoted to them to help them meet the 
study protocol. Previously, TEDDY successfully used this 
approach to identify families at risk for early drop-out; 
by targeting these families with additional staff attention, 
these at-risk families’ retention rates improved to those 
of families not at-risk [6].

A second approach would be to target modifiable vari-
ables shown to be associated with study visit compliance. 
We found two modifiable variables associated with study 
visit compliance: mother’s anxiety about the child’s T1D 
risk, and parent’s study satisfaction. Helping highly anx-
ious mothers successfully cope with their anxiety and 
efforts to ensure high parent study satisfaction may in 
turn increase study visit compliance.

Study limitations include our focus on young children 
up to 4 years of age, at risk for T1D, followed with a very 
demanding research protocol. Many of the participating 
mothers were highly educated and most mothers were 
living with a spouse or partner. Factors associated with 
study visit compliance in this population may differ from 
other populations, including older children, children with 
no risk for T1D or who face different health challenges, 
or families with less educated parents. The TEDDY study 
protocol is demanding and several of the collected varia-
bles are unique to this study making our findings perhaps 
less relevant for studies with less demanding research 
protocols. The small effect size of some of the variables 
is also a limitation. Although the findings do not permit 
prediction of study visit compliance at the individual 

level, they do tell us which variables—collected early in 
a longitudinal study—are most important in discriminat-
ing those groups of participants who will be more or less 
compliant with study visits in the future. This informa-
tion could be useful in the design of future pediatric lon-
gitudinal studies.

Since we purposely excluded families, whose children 
became positive for one or more T1D-related autoanti-
bodies, our findings cannot be generalized to this impor-
tant subgroup. Mothers of these children experience 
significant anxiety in response to their child’s positive 
autoantibody status [18]. We are in the process of exam-
ining how this change in the child’s T1D risk status also 
impacts study compliance.

Conclusion
Sociodemographic variables, maternal characteristics—
including study satisfaction—and father participation 
in the first year of a longitudinal study were found to 
be associated with subsequent study visit compliance in 
children genetically at-risk for T1D followed for 4 years. 
This information can contribute to future strategies 
designed to improve study visit compliance in longitudi-
nal pediatric studies.
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