1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny Yd-HIN

> % NIH Public Access
éf}}‘ Author Manuscript

2 Hepst

NATIG,

O

Published in final edited form as:
Health Psychol. 2014 October ; 33(10): 1143-1152. d0i:10.1037/hea0000025.

Identification and Prediction of Group-Based Glycemic Control
Trajectories during the Transition to Adolescence

Jennifer M. Rohan, M.A.1:2, Joseph R. Rausch, Ph.D.1, Jennifer Shroff Pendley, Ph.D.3,
Alan M. Delamater, Ph.D.4, Lawrence Dolan, M.D.>, Grafton Reeves, M.D.6, and Dennis
Drotar, Ph.D.1.2

1Department of Pediatrics, Cincinnati Children’s Hospital Medical Center, Cincinnati, OH, USA,
45229

2Department of Psychology, University of Cincinnati, Cincinnati, OH, USA, 45221

3Division of Behavioral Health, Alfred I. duPont Hospital for Children, Wilmington, DE, USA,
19803

4Department of Pediatrics, University of Miami, Miami, FL, USA, 33136

SDivision of Endocrinology, Cincinnati Children’s Hospital Medical Center, Cincinnati, OH, USA,
45229

6Division of Pediatric Endocrinology, Alfred 1. duPont Hospital for Children, Wilmington, DE, USA,
19803

Abstract

Objective—To identify trajectories of glycemic control over a period of three years in a pediatric
sample of youth diagnosed with type 1 diabetes transitioning to adolescence. A second aim was to
examine a set of modifiable individual and family-level baseline predictors of glycemic control
group membership.

Methods—This multisite, prospective study included 239 children and adolescents (ages 9-11
years at baseline) diagnosed with type 1 diabetes and their caregivers. Glycemic control was based
on hemoglobin Alc (HbALc) collected at six month intervals over a period of three years.
Predictors of glycemic control membership included baseline global executive functioning,
diabetes self-management, diabetes-specific family conflict, blood glucose monitoring frequency,
and relevant individual and family level covariates.

Results—Group-based trajectory analyses were used to describe patterns of glycemic control
from baseline to 36 months and three trajectories were identified: low risk (42.9%), elevated risk
(44.6%), and high risk (12.1%) subgroups. Baseline maternal-reported family conflict, blood
glucose monitoring frequency, and gender were significant predictors of glycemic control group
membership. Higher levels of baseline family conflict, lower frequency of blood glucose
monitoring, and female gender were associated with elevated and high risk group membership.
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Cincinnati, Ohio 45229, Phone: 513-803-0404, Fax: 513-803-0415, Jennifer.Rohan@cchmc.org.
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Conclusions—These findings underscore the importance of examining trajectories of HbAlc
across time. These results suggest that problematic trajectories of glycemic control are evident
during the transition to adolescence. Furthermore, there are modifiable individual and family-level
characteristics that predict group membership and hence could be targeted in interventions to
ensure adequate glycemic control is maintained over time and that risks for diabetes-related
complications are reduced.
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Glycemic control; trajectories; individual factors; family factors

The primary goal of clinical management in pediatric type 1 diabetes is to maintain optimal
glycemic control over time (American Diabetes Association, 2010). Despite American
Diabetes Association (ADA) glycemic control recommendations for pediatrics (e.g., below
8% for children ages 6-12 years; below 7.5% for adolescents ages 13-19 years) (Silverstein
et al., 2005), glycemic control often begins to deteriorate during early adolescence (Moran,
2002) and significantly declines throughout adolescence and young adulthood (Helgeson et
al., 2010). Large diabetes centers that have implemented intensive, comprehensive insulin
therapy regimens have found that it is very challenging for adolescents to achieve optimal
glycemic control (Danne et al., 2001).

The established relationship between less adequate glucose control in adolescence and
higher rates of a wide range of diabetes-related complications in adulthood (Danne et al.,
2001; DCCT Research Group, 1994; Krolewski, Laffel, Krolewski, Quinn, & Warram,
1995; Nathan et al., 2005; Silverstein et al., 2005) heightens the importance of achieving
optimal glycemic control. However, not everyone is equally vulnerable, and there is
considerable intra-group variability (Keough, Sullivan-Bolyai, Crawford, Schilling, &
Dixon, 2011; Rohan et al., 2011; Schneider et al., 2007). Relatively little is known about the
specific distribution of trajectories of glycemic control among early adolescents with type 1
diabetes and the factors that predict them. Most studies have focused on description and
prediction of average levels of glycemic control, often over limited periods (e.g., one year)
(Butler et al., 2008; Drotar et al., 2013; Helgeson & Palladino, 2012; Ingerski, Anderson,
Dolan, & Hood, 2010).

Three studies have described subgroups or trajectories of glycemic control in adolescents
with type 1 diabetes and relevant predictors. Luyckx and Seiffge-Krenke (2009) studied 72
adolescents across eight time points (e.g., from ages 14-17 and then again at ages 21-25
years). Based on latent class growth analyses, 3 subgroups were identified that described
glycemic control patterns from ages 14 — 25 years: 1) optimal glycemic control (N = 10;
Mean HbAlc = 5.9 — 7.4); 2) moderate glycemic control (N=51; M = 7.4 — 8.5); and, 3)
deteriorating glycemic control (N = 11; M = 6.7 — 9.7). The optimal glycemic control
subgroup reported a more cohesive family climate (i.e., increased family control and
organization) and higher positive self-concept compared to the deteriorating subgroup
(Luyckx & Seiffge-Krenke, 2009).

Helgeson and colleagues (2010) studied a sample of 132 adolescents (M age at baseline = 12
years) across five years. Two glycemic control subgroups were identified: 1) stable, good
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glycemic control (N = 83; M HbAlc = 7.8 — 8.0); and, 2) a deteriorating glycemic control
subgroup (N = 46; M HbAlc = 9.0 — 10.5). Individuals in the deteriorating glycemic control
subgroup were characterized by higher peer conflict, more negative diabetes emotions,
fewer blood glucose tests, and more missed clinic appointments (Helgeson et al., 2010).

King and colleagues (2012) studied a sample of 252 adolescents across two years (M age =
12.5 years) and also identified two glycemic control trajectories using latent curve analysis:
1) moderate glycemic control group (N = 231), whose average glycemic control was 8.2% at
baseline and increased at a rate of 0.07% per year; and, 2) poor glycemic control group (N =
21), whose average glycemic control of 12.1% at baseline increased rapidly at a rate of
0.32% per year. Compared to the optimal glycemic control subgroup, the poor glycemic
control subgroup reported less paternal involvement and monitoring of daily diabetes-related
management, as well as, lower functional autonomy and self-control. In addition, those in
the poor glycemic control group reported sacrificing their own personal goals to gain the
approval of their friends more often than the optimal glycemic control group (King et al.,
2012).

Hilliard and colleagues (2013) studied a sample of 150 adolescent and parent dyads across
18 to 24 months and identified three stable glycemic control trajectories using latent group-
based trajectory modeling: 1) “meeting treatment targets” (40%), whose glycemic control
across time averaged about 7.4%; 2) “normatively similar” (40%), whose glycemic control
across time averaged about 9.2%; and, 3) “high risk” (20%), whose glycemic control across
time averaged about 11.2%. Adolescents who demonstrated poorer diabetes management
and control were of older age, had longer diabetes duration, identified with an ethnic
minority status, had an unmarried caregiver, used injection treatment regimens, reported
greater depressive symptoms, more negative affect about blood glucose monitoring, and
higher diabetes-specific family conflict (Hilliard, Wu, Rausch, Dolan, & Hood, 2013).

Each of these previous studies had limitations, many of which are addressed in the current
study design. Luyckx and Seiffge-Krenke’s (2009), Helegon et al.’s (2010), and Hilliard et
al.’s findings are limited by relatively small sample sizes (Ns = 72 132, and 150
respectively). Ideally, group-based trajectory or latent class growth curve analyses require
larger sample sizes for reliable results (Nagin, 2005). Furthermore, Luyckx and Seiffge-
Krenke’s (2009) research did not study trajectories of glycemic control across the entire age
span of the sample: a gap of four years was not accounted for in their analyses. Helgeson et
al. (2010) used a self-report measure of pubertal status and studied a very homogenous
sample in race and ethnicity (93% of patients were white). Similarly, King and colleagues
(2012) studied a sample of mostly Caucasian adolescents (92.8%) and did not examine
covariates such as gender, diabetes duration, insulin regimen, or tanner stage, which are
known to influence glycemic control (Amiel, 1986; Helgeson et al., 2010; Moran, 2002)

One salient contribution of the present study was the prospective measurement of
trajectories of glycemic control across three years (seven time points collected at six month
intervals) starting at the transitional period of late childhood and continuing through early
adolescence using group-based trajectory modeling. Glycemic control was selected as the
primary outcome because it is a well-recognized biomarker of health status that predicts risk
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for future diabetes-related complications and is a primary target of clinical management
(DCCT Research Group, 1994; Krolewski et al., 1995). We recruited a relatively
homogenous sample of youth with type 1 diabetes at the cusp of adolescence across three
sites, the majority of whom were pre-pubertal, in order to identify potential risk factors for
problematic glycemic control as these youth transitioned through adolescence. The age
group was selected for study because: 1) it is well documented that glycemic control
deteriorates after the onset of adolescence (Helgeson et al., 2010; Moran, 2002), and 2)
preventive interventions delivered at this age may reduce exposure to chronic poor glycemic
control through adolescence and into young adulthood (Fogel & Weissberg-Benchell, 2010).
It was hypothesized that three subgroups representing different clinically relevant
trajectories of glycemic control would be identified: 1) low risk group with optimal
glycemic control, 2) elevated risk group with problematic patterns of glycemic control, and
3) a high risk group with consistently very high levels of glycemic control over time.

A second relevant scientific-value added contribution of our study involved the prediction of
membership in subgroups of clinically-relevant trajectories of glycemic control. Our
selection of predictor variables was based on the following factors: 1) inclusion of individual
psychological and family variables in a single predictive model; and 2) focus on clinically-
relevant, potentially modifiable variables that could be targets of intervention in the event
they were shown to be significant. We tested the predictive value of these variables in a
single model that also controlled for covariates (e.g., pubertal status, age, gender, etc.) that
reflected non-modifiable influences that would also be expected to affect glycemic control
based on previous research.

Executive functioning refers to meta-cognition and behavioral regulation and has been
shown to predict glycemic control (Bagner, Williams, Geffken, Silverstein, & Storch, 2007;
McNally, Rohan, Shroff Pendley, Delamater, & Drotar, 2010; Miller et al., 2013). Diabetes
self-management refers to behaviors across multiple domains (e.g., diet, physical activity,
insulin management, glucose monitoring) that a patient and/or family engage in to promote
optimal glycemic control (Harris et al., 2000; Keough et al., 2011; Kichler, Kaugars, Ellis, &
Alemzadeh, 2010; Rohan et al., 2011; Schneider et al., 2007). Blood glucose monitoring
frequency, which measures how well a patient/family follows the treatment regimen for
blood glucose testing has been used to describe adherence, and is known to be associated
with glycemic control (DCCT Research Group, 1994; Harris et al., 2000; Helgeson,
Honcharuk, Becker, Escobar, & Siminerio, 2011; Keough et al., 2011; Kichler et al., 2010;
Levine et al., 2001). Investigators have used data from BGM frequency to validate a
measure of combined risk for hyperglycemia and hypoglycemia episodes referred to as the
average daily risk range (ADRR) (Kovatchev, Otto, Cox, Gonder-Frederick, & Clarke,
2006; Patton, Midyett, Dolan, & Powers, 2012) . However, in contrast to the frequency of
BGM, the ADRR is not used in routine follow-up of pediatric diabetes. Finally, family
factors, especially diabetes-specific family conflict has been shown to negatively influence
self-management, treatment adherence to blood glucose monitoring, and glycemic control
(Helgeson & Palladino, 2012; Hilliard et al., 2012; Hood, 2007; Ingerski et al., 2010; Levine
et al., 2001). We hypothesized that those in the optimal glycemic control group would report
better executive functioning, less family conflict, better self-management skills, and higher
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frequency of blood glucose monitoring at baseline compared to the groups with more
problematic glycemic control over time.

Methods

Participants and Procedures: Baseline

Participants were youth with type 1 diabetes and their maternal caregivers who were
followed at pediatric diabetes clinics at three university affiliated medical centers in the
United States. Each site’s Institutional Review Board approved the study. Data were
collected as part of an ongoing, three-year longitudinal study. Reports of longitudinal data
from this study have been previously described in Drotar et al. (2013), Rausch et al. (2012),
and Rohan et al. (2013). This is the first report from this study that has focused on
identification of trajectories of glycemic control across time and the prediction of glycemic
control group membership over three years.

Caregivers and children were recruited during a routine outpatient clinic visit. Potentially
eligible participants were identified by clinic staff and then approached by research staff
who explained the study procedures and verified eligibility. Inclusion criteria included
duration of type 1 diabetes for at least one year, ages 9-11 at the time of recruitment,
English speaking, no known plans to move out of the area during the duration of the study,
and absence of secondary causes of a type 1 diabetes diagnosis (e.g., cystic fibrosis).
Exclusionary criteria included current involvement in foster care, presence of severe
psychiatric disorders or comorbid chronic conditions that required burdensome, ongoing
treatment regimens, or diagnosis of intellectual and/or developmental disabilities.

Of the 361 eligible participants who were approached, 240 (66.5%) consented and
participated. Reasons for not participating included being too busy (n = 54), no
transportation (n = 3), and other (n = 64; not interested in research, did not return
recruitment phone calls, did not attend clinic regularly, etc.). Signed informed consent was
obtained from a parent or legal guardian, written assent from children 11 years old, and
verbal assent from children less than 11 years according to the guidelines established by
each sites Institutional Review Boards. After enroliment, one child was diagnosed with
monogenic diabetes of the young (MODY) (Gardner & Tai, 2012), no longer treated with
insulin, and hence removed from the study and subsequent data analysis.

The three-year follow-up yielded a sample of 222 youth (ages 11.9 — 15.6 years) with type 1
diabetes and their maternal caregivers. Overall attrition from baseline to three years was
4.2% (n = 10). Reasons for discontinuing participation included: child and/or family no
longer interested in research or too busy to participate (n = 3), family moving out of the area
(n = 1), patient changed endocrinologists and the doctor was not affiliated with the hospital
(n=1), family was too overwhelmed to participate in research (n = 1), and families would
not schedule research visit or were lost to follow-up and were dropped from the study (n =
4). In addition to attrition, missing data also included non-completion of visits at one year (n
= 13), two years (n = 14), and three years (n = 7). There were no significant differences (p >
0.05) between those who participated in the one, two, and three year follow-ups and those
who did not complete the one, two, and/or three year study visit with respect to baseline
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disease duration, age, ethnicity and race, income, household composition (one versus two-
parent), child’s gender, insulin delivery method from baseline to 36 months, or HbAlc
obtained at six month intervals.

Sample Characteristics: Baseline to Three Years

The demographic and medical characteristics of our sample from baseline through three year
follow-up are shown in Table 1. At three years, the sample (mean age of 13.62 years) had a
comparable percentage of males (45.5%) and females (54.5%) and included a majority of
non-Hispanic Caucasian youth (76.6%), but higher than typical percentages of Hispanic
Caucasian youth (13.1%) in studies of adolescents with type 1 diabetes (Helgeson et al.,
2011; Ingerski et al., 2010). The majority of the sample (68.9%) received insulin via
subcutaneous insulin infusion (i.e., insulin pump or pod).

Measures: Primary Outcome

Glycemic Control: Hemoglobin HbAlc—Blood samples were obtained at six month
intervals from baseline to three years post baseline by a finger stick during the study visit.
Samples from each study site were analyzed using the TOSOH-G7 method (reference range
4.0 - 6.0%) by one central laboratory to ensure standardization of results across sites.

Measures: Predictors of Trajectories of Glycemic Control

Global Executive Functioning—~Participants’ executive functioning was measured
using the Behavior Rating Inventory of Executive Functioning (BRIEF), an 86-item parent
report measure (Gioia, Isquith, Guy, & Kenworthy, 2000). Higher scores mean less adequate
executive functioning. The composite raw score for the Global Executive Composite (GEC)
includes the Behavioral Regulation Index (e.g. the child’s ability to shift cognitive set and
moderate emotions and behaviors via emotional control) and Metacognition Index (e.g. the
child’s ability to monitor, initiate, plan, organize, and sustain future oriented problem
solving and working memory). A T score of 65 or higher on any of the scales of the BRIEF
is considered an elevated score (e.g., clinically significant). Reliability of the BRIEF has
been established (a =.80 — .98) for both clinical and normative samples (parent and teacher
forms), and validity has been documented with other measures of behavioral and attentional
functioning (Gioia et al., 2000). Standardized scores were used in the analyses. In our
sample, the maternal reported (N = 236) Global Executive Composite internal consistency
was assessed using Cronbach’s a: .97 at baseline.

Family Conflict—The Diabetes Family Conflict Scale — Revised (DFCS-R) (Hood, 2007)
is a 19 item self-report measure that was completed by youth and parents and reflects the
level of conflict within the family as a whole regarding specific tasks such as taking more or
less insulin depending on results, remembering to check blood sugars. Total possible scores
on the measure range from 19 to 57 with higher scores representing higher levels of
diabetes-specific conflict in the family. This measure has demonstrated good internal
consistency for youth (a = .85) and for parents (a = .81) (Hood, 2007). In the present
sample, internal consistency (a) at baseline was .87 for the youth DFCS-R and .85 for the
maternal caregiver DFCS-R.
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Blood Glucose Monitoring Frequency—Blood glucose monitoring frequency (BGM)
results were obtained from the child’s blood glucose meter(s) for the previous two weeks
starting with the day prior to the assessment visit. If one or more of the meters (e.g., a school
meter) were not available at the time of the study visit, the same information was obtained
from the child’s logbook.

Diabetes Self-Management—The Diabetes Self-Management Profile (DSMP) is a 25-
item structured interview administered independently to children and their caregivers to
assess diabetes-related management behaviors during the previous 3 months (Harris et al.,
2000). Open-ended questions addressed the following domains: exercise, hypoglycemia
management, diet, blood glucose monitoring, and insulin administration. A total self-
management score was calculated by summing all items, and subscale scores were obtained
by summing items for each appropriate scale. Higher scores reflected better self-
management behaviors. The DSMP total score has demonstrated good internal consistency
(r =.76), moderate agreement between parent and youth reporters (r = .61), and strong inter-
rater agreement (r =.94) (Harris et al., 2000). This measure also has demonstrated good
predictive validity between parent and child reported self-management behaviors and
glycemic control (Harris et al., 2000). Internal consistency for the present sample at baseline
was .66 for the maternal DSMP and .60 for the youth DSMP.

Measures: Covariates

We chose to include a comprehensive set of baseline covariates in our model based on
theory and previous research in pediatric type 1 diabetes. Pubertal status (as measured by
Tanner Stage based on provider exam) was included based on research that has consistently
underscored the impact of puberty in triggering insulin resistance (Amiel, 1986; Moran,
2002), which would be expected to reduce the level of glycemic control. We also included
the following demographic and medical characteristics based on their potential influence on
glycemic control and hence trajectory group membership (Helgeson et al., 2010): site; child
gender; child ethnicity and race (Non-Hispanic, Caucasian; Non-Hispanic, Other; or
Hispanic); maternal education (i.e., did not finish high school; obtained high school diploma
or equivalent; obtained some college or college degree); household composition (i.e., one or
two caregiver involvement); insulin delivery method (i.e., pump/pod versus injections); type
1 diabetes duration in years; and, child age.

Approach to Statistical Analysis

Group-based trajectory modeling was used to model patterns of change over time and
identify specific subgroups (Nagin, 2005). Methods such as growth curve modeling, which
has been used in previous studies of adolescents with type 1 diabetes (Miller et al., 2013)
describes change over time at the individual level as well as for the population as a whole
but does not provide information regarding the heterogeneity of the population being
modeled or distinct, specific subgroups that follow similar patterns over time (Nagin, 2005).

We used the SAS TRAJ Procedure to identify trajectories of subgroups of glycemic control
(HbA1c) based on latent group-based trajectory modeling (LGTM) (Nagin, 2005). When
using LGTM, each person is assumed to belong to a single subgroup for the duration of the
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observational period. We used the normal distribution option in the TRAJ procedure to
model HbA1c over time. We examined solutions with 2,3,4,5 and 6 subgroups and allowed
for quadratic trajectories within each subgroup; however, models with linear trajectories
were ultimately chosen because quadratic terms were unnecessary. Our statistical criteria for
selecting the best model was the Bayesian Information Criterion (BIC) and a subgroup
proportion of at least .10, the latter to ensure the group size was large enough to be of
practical utility. Ultimately, this left the two and three subgroup solutions as possible
candidates, and of these two, the Bayesian Information Criterion (BIC) was substantially
better for the three group solution (—2249.2 for the three group solution vs. —2379.5 for the
two group solution). The final three subgroup solution was chosen based on clinical
considerations, in addition to being the model that had the best statistical fit based on the
BIC. For example, the two group model combined the low risk and moderate risk
trajectories into a single trajectory. However, previous research has provided evidence that
there is an association between moderate levels of elevated or moderate risk levels of
glycemic control and risk for future health complications (DCCT Research Group, 1994;
Levine et al., 2001). Thus, the model with three subgroups seemed reasonable given the
percentage of adolescents with problematic glycemic control as defined by the American
Diabetes Association (2010) and based on data from the Diabetes Control and
Complications Trial indicating risk for future health complications (DCCT Research Group,
1994; Nathan et al., 2005; Nathan et al., 2009). The adequacy of the final model was
evaluated using statistical diagnostics (see Supplemental Table) recommended by Nagin
(2005), including the model estimate of group probability, average posterior probability, and
odds correct classification. It was recommended that if the average posterior probability was
greater than 0.7 and the odds correct classification was greater than 5 for all of the groups in
the model, the trajectory model represented a high level of accuracy in classifying
individuals into their specific trajectory assignment (Nagin, 2005).

Univariate ordinal logistic regression models were run to separately examine individual
correlates and predictors of glycemic control trajectory group membership to determine the
set of individual and family-level factors that should be included in a final, multivariate
predictive ordinal logistic regression model. In the multivariate ordinal logistic regression
model, we identified the set of individual and family-level factors that predicted membership
in each subgroup, where membership was obtained using the maximum posterior probability
rule, using ordinal logistic regression in SAS with the LOGISTIC procedure where all the
predictors were entered simultaneously. Wald chi-squared values and odds ratios are
presented for statistically significant predictors. Statistical significance was defined asp <.
05.

Hypothesis 1. Identification of Glycemic Control Trajectories

As hypothesized, three subgroups or trajectories of glycemic control were identified for the
present sample (Figure 1) based on LGTM: 1) low risk for future diabetes-related
complications (n = 103, 42.9% of patients) with an average HbA1c at baseline that was at
ADA (2010) recommendations for the school age group (M = 7.28) and remained relatively
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stable over time; 2) elevated risk for future diabetes-related complications (n = 107, 44.6%
of patients) with an average HbA1c at baseline that was ~ 1% above ADA (2010)
recommendations for the school age group (M = 8.58) and increased over time to 9.26% at
three years; and, 3) high risk for future diabetes-related complications (n = 29, 12.1%) with
an average HbA1c at baseline that was significantly above ADA recommendations (M =
10.02) and fluctuated over time but still remained high at three years (M = 11.4). The
supplemental table presents the parameter estimates obtained for each of the trajectories as
well as the diagnostic criteria established by Nagin (2005) for evaluating the fit of a given
LGTM. As shown here, our final model fits the data well based on these criteria and model
diagnostics indicated that individuals in the current sample were likely assigned to the
appropriate glycemic control trajectory.

Hypothesis 2. Determination of Correlates and Predictors of Glycemic Control Trajectories

The descriptive statistics for each predictor variable based on glycemic control trajectory
group membership as well as the results of the univariate and multivariate ordinal logistic
regression models for determining baseline predictors of HbAlc trajectory groups are shown
in Table 2. Univariate ordinal logistic regression models were conducted to identify which
baseline predictor and covariates should be included in our multivariate logistic model.
These analyses indicated that the potentially modifiable baseline individual and family-level
factors that independently predicted glycemic control trajectory group membership,
included: global executive functioning [Odds Ratio (OR) = 0.97, 95% ClI: (0.95,1.00)],
youth [OR=1.04, 95% CI: (1.01,1.08)] and maternal-reported diabetes self-management
[OR=1.09, 95% CI: (1.06,1.12)], maternal-reported conflict [OR=0.86, 95% CI:
(0.84,0.94)], and blood glucose monitoring frequency [OR=1.41, 95% CI: (1.22,1.64)].
Covariates that significantly predicted glycemic control trajectory group membership were
gender [OR=1.99, 95% ClI: (0.1.22,3.26)], site [OR site 1 versus 3=2.23, 95% ClI:
(1.15,4.31); OR site 2 versus 3=1.47, 95% CI: (0.75,2.91)], insulin therapy regimen
[OR=0.38, 95% CI: (0.23,0.63)], one versus two parent households [OR=2.48, 95% ClI:
(1.36,4.53)]), maternal education level [OR=2.22, 95% CI: (1.42,3.46)], ethnicity and race
[OR non-Hispanic Caucasian versus Hispanic individuals =2.43, 95% CI: (1.19,4.98); non-
Hispanic minority versus Hispanic individuals =0.70, 95% ClI: (0.26,1.85)], youth age
[OR=0.67, 95% CI: (0.51,0.87)], and pubertal status [OR=0.62, 95% ClI: (0.47,0.82)]. As
shown in Table 2, those individuals who were identified as having low risk for future
diabetes-related complications based on glycemic control trajectories over time also
demonstrated higher levels of executive functioning, better diabetes self-management,
reduced diabetes-related family conflict, and/or more frequent blood glucose testing
compared to those identified as having an elevated or high risk for future complications.

A multivariate, ordinal, simultaneous logistic regression model was examined to determine
the set of individual and family-level factors that significantly predicted glycemic control
group membership over and above that of the other predictors. The univariate logistic
regression model for adolescent-reported diabetes specific family conflict was not
significant, and thus adolescent-reported conflict was not included in our final model.
Similarly, youth and maternal-reported self-management behaviors at baseline were not
significantly related to glycemic control group membership in the final model, and hence not
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included in our final model given potential shared variance with blood glucose monitoring
frequency. A test of the full model with all of the individual and family-level factors
included was statistically significant, ¥2 (14, N = 216) = 60.35, p < .0001; Cramer’s D =
0.54, which suggests 29% shared variance between glycemic control trajectory group
membership and the set of predictors.

As expected, in the multivariate model, mother’s report of family conflict [OR=0.89, 95%
Cl: (0.82,0.96)], blood glucose monitoring frequency [OR=1.20, 95% CI: (1.02,1.43)], and
gender [OR=2.45, 95% ClI: (1.32,4.58)] were all statistically significant predictors of
glycemic control trajectory membership when controlling for the other variables. Mothers in
the elevated risk (M = 25.13) and high risk group (M = 26.68) reported higher levels of
diabetes-specific family conflict compared to those in the low risk group (M = 23.52).
Treatment adherence as measured by blood glucose monitoring frequency was higher in the
low risk glycemic control group (M = 5.5) compared to the elevated risk (M = 4.8) and high
risk groups (M = 3.8). Adolescent girls were more likely to be in the elevated risk (55.1%)
and very high risk groups (79.3%) compared to adolescent boys. However, adolescents’
global executive functioning (based on maternal report) was not significantly related to
glycemic control group membership in the multivariate logistic model, which was
unexpected.

Discussion

Our primary descriptive finding was that a group-based trajectory analysis yielded three
longitudinal glycemic control trajectories. Two of these subgroups (56.7% of the sample)
had average HbA1c values across the three years that were higher than that recommended
by the ADA for school age children and adolescents (i.e., HbAlc targets of 7.5-8.0%)
(American Diabetes Association, 2010; Silverstein et al., 2005): 1) high risk glycemic
control subgroup with average glycemic control of 10% at baseline; and, 2) elevated risk
glycemic control subgroup (44.6%) with a mean baseline HbAlc value of 8.58%, which
steadily increased over the three year period. The present study replicated findings reported
by Luyckx and Seiffge-Krenke (2009) and Hilliard and colleagues (2013) such that three
subgroups representing different levels of glycemic control over time were obtained: low
risk, elevated risk, and high risk subgroups.

One contribution of our findings is the identification of trajectories of glycemic control at
the onset of adolescence that continued through mid-adolescence. The combination of
increased degree and duration of exposure to problematic glycemic control puts individuals
at an increased risk for developing a wide range of diabetes-related complications in
adulthood (DCCT Research Group, 1994; Nathan et al., 2005; Nathan et al., 2009;
Silverstein et al., 2005). Research conducted by the Diabetes Control and Complications
Trial and its follow-up studies (e.g., Epidemiology of Diabetes Interventions and
Complications) suggested that there is a strong exponential relationship between the risk for
retinopathy and neuropathy and mean HbALc over time: a 10% decrease in HbAlc (e.g.,
9.0% to 8.1%) was associated with a 39% risk reduction for retinopathy and a 25% risk
reduction for microalbuminuria (i.e., neuropathy) (Diabetes Control and Complications
Trial, 2002).
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Univariate logistic regression analyses suggested that a number of potentially modifiable
individual and family-level factors at baseline, including several individual and family-level
covariates, significantly predicted glycemic control trajectory group membership when these
variables were examined in isolation. Our findings were consistent with previous research
such that less adaptive diabetes self-management (youth, maternal caregivers), deficits in
executive functioning (maternal reporters), increased diabetes-related family conflict
(maternal caregivers), and less frequent blood glucose monitoring were related to elevated
and high risk glycemic control trajectory group membership (see Table 2).

However, our findings extended previous research by identifying two potentially modifiable
variables in a multivariate predictive model: one individual level variable (i.e., blood
glucose monitoring frequency) and one family-level variable (diabetes-related family
conflict as perceived by maternal caregivers) as predictors of membership in clinically-
relevant trajectories of glycemic control when controlling for a number of other individual
and family-level predictors and covariates. The importance of BGM in glycemic control
may stem from its multifaceted utility: The more frequent the blood testing, the more
precisely decisions regarding insulin management can be accomplished. Frequency of blood
glucose testing is especially important given the variability of blood glucose and the need
for feedback throughout the day in order to adjust insulin (Patton et al., 2012).

Higher levels of maternal-reported family conflict were also associated with more
problematic trajectories of glycemic control. Family conflict may have a multifaceted
impact on glycemic control by interfering with the quality of diabetes management and
treatment adherence and/or by increasing level of stress on the child and parents (Drotar et
al., 2013). In addition, family conflict could also be representative of parent-child
relationship quality, which has been known to be predictive of glycemic control (Miller-
Johnson et al., 1994). However, it is notable that in contrast to previous research (Hilliard et
al., 2012; Ingerski et al., 2010), adolescent reports of family conflict were not predictive of
glycemic control group membership We studied the present sample at the cusp of
adolescence (M age = 10.5) and it is possible that these young adolescents do not yet
perceive their parental requests to manage their diabetes as conflictual but instead perceive
these requests as normal parenting behavior. Finally, one non-modifiable covariate, gender
also had a significant relationship with group trajectory status: girls were more likely to
demonstrate trajectories of glycemic control reflecting risk status than boys. One factor that
may account for this difference is the higher risk for eating disorders in girls or blood
glucose dysregulation associated with menstrual cycles (Maharaj, Rodin, Olmsted,
Connolly, & Daneman, 2003).

Our findings have important implications for both clinical management and research that
focuses on preventive interventions to reduce the levels of risk for problematic trajectories
of glycemic control. First, the different levels of glycemic control and risk for future health
complications that are experienced by the different trajectory subgroups provide a logical
basis for tailoring more intensive psychological interventions to young adolescents with the
highest risk for future health complications. Our findings suggest that both the elevated risk
and the high risk groups are in need of earlier identification and comprehensive medical and
psychological intervention, such as more frequent medical visits and family-centered
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interventions (Wysocki et al., 2008). On the other hand, the group who is maintaining
glycemic control within target levels would benefit from continuing support, medical
follow-up, and reinforcement from their providers. It should be noted that the subgroups of
trajectories that reflected very different categories of risk status were relatively stable over
the course of the three year follow-up. This finding suggests that it may also be
advantageous to provide preventative adherence promotion interventions to the subgroups
who are at elevated and very high risk prior to adolescence.

Because pediatric diabetes centers routinely collect information regarding glycemic control
over time as well as frequency of blood glucose monitoring, they could identify pre-
adolescents with trajectories of glycemic control over time that reflect higher risk and target
key modifiable individual and family factors (e.g., family conflict and treatment adherence)
in preventative interventions. Depending on the response to intervention, additional
intervention or booster sessions might also be given during adolescence to enhance glycemic
control that remains below target levels.

Previous research has provided strong evidence that family-based interventions that target
both youth and parents improve treatment adherence and ameliorate family conflict (Butler
et al., 2008; Harris et al., 2008; Wysocki et al., 2008). These interventions seem to be most
powerful at improving glycemic control when they target specific areas of problem-solving
(e.g., how to respond to low, high, and variable blood sugar values; identification of barriers
and facilitators of treatment adherence (Butler et al., 2008; Harris et al., 2008; Wysocki et
al., 2008). Anderson and colleagues (1999) suggested that a low-intensity intervention
delivered during routine diabetes medical visits could positively influence diabetes
management, enhance parent-adolescent communication and increase parental involvement
in diabetes care while maintaining and promoting adolescent involvement in their own care,
and decreasing diabetes-related family conflict. Such an intervention might be most
appropriate and realistic for those adolescents who demonstrate trajectories of control
consistent with elevated risk. Those at highest risk may require more intensive interventions
such as multisystemic therapy (Ellis et al., 2012).

The present study has several limitations that should be considered in interpreting these
findings. For example, executive functioning was measured by parental report. Parents may
not be fully aware of their adolescents’ executive functioning behaviors (e.g., planning,
working memory, problem-solving, and moderation of emotions). Self-management was
also measured via parental report and youth report and may have been biased due to social
desirability. Other limitations include: the follow-up period of only three years and fact that
other relevant factors may have influenced glycemic control trajectories (e.g., anxiety,
depression, peer relationships, diabetes knowledge, parent-child relationship quality,
parental involvement, child’s maturity level, etc.) that were not included in our predictive
model.

Future research is needed to address these limitations. It will be important to determine
whether the subgroups of trajectories that were identified in this sample of early to mid-
adolescents are sustained during later adolescence and young adulthood. Such data will be
critical in planning for the transition from pediatric diabetes centers to adult care. If these
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glycemic control subgroups are sustained through late adolescence, this would necessitate
very different levels of intensity of transitional planning and services to facilitate optimal
health outcomes. In addition, the efficacy of interventions that are tailored to different
trajectories of glycemic control should be evaluated to identify those interventions that result
in the greatest and most long-lasting reductions in glycemic control and minimize the risk
for diabetes-related complications in adulthood.
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