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Abstract

Introduction—This study examined changes in self-management behaviors after high school 

graduation in a cohort of emerging adults with type 1 diabetes.

Methods—Sixty-four emerging adults reported on diabetes self-management behaviors at three 

time points over a one year period. Glycemic control and blood glucose monitoring frequency 

were collected from medical chart review.

Results—Collaboration with parents decreased, diabetes problem-solving and communication 

increased, and glycemic control worsened over the first year post-high school (ps<.05). Problem 

solving appeared to be protective against worsening glycemic control; higher baseline diabetes 

problem solving significantly predicted better glycemic control at the one year follow-up.

Discussion—Emerging adults demonstrate increased independence in diabetes problem solving 

and communication with health care providers in the year post-high school. Problem-solving skills 

may help emerging adults adapt type 1 diabetes self-care in response to unpredictable schedules 

post high-school, and promoting these skills may prevent deteriorations in glycemic control during 

this risky period.
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Introduction

Type 1 diabetes is a common childhood chronic illness which affects more than 1 in every 

500 children, corresponding to over 165,000 American youth under age 20 living with 

diabetes (Pettitt et al., 2014). The treatment of type 1 diabetes involves rigorous self-control 
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and management, including several daily insulin injections or use of an insulin pump, 

measurement of blood glucose (BG) levels four to six times per day, regulation of 

carbohydrate intake, routine physical activity, and the prevention of acute and long term 

complications (American Diabetes Association, 2015; Chiang, Kirkman, Laffel, & Peters, 

2014). This requires youth to be highly self-motivated and increasingly independent in order 

to meet glycemic goals and maintain a healthy lifestyle.

Emerging adulthood marks a point of transition for patients with type 1 diabetes with its 

own unique set of challenges and consequences (Garvey, Markowitz, & Laffel, 2012). In this 

developmental period which spans from ages 18 to 25, youth are no longer dependent 

adolescents reliant solely on parents, but are not yet ready to assume the full responsibilities 

of adulthood (Arnett, 2000). During this period, youth typically assume full responsibility 

for key tasks related to their diabetes management, including but not limited to BG 

monitoring, scheduling clinician appointments, planning and preparing meals, and 

awareness of hemoglobin A1c (A1c) goals (Hanna et al., 2013; Schilling, Knafl, & Grey, 

2006). Many emerging adults with type 1 diabetes also experience a decrease in parental 

monitoring and involvement due, in part, to moving away for college or entering the 

workforce after high school graduation (Peters, Laffel, & American Diabetes Association 

Transitions Working Group, 2011). Likely influenced by these simultaneous transitions, 

emerging adulthood is associated with worsening glycemic control, acute complications, and 

poor long term health outcomes for youth with type 1 diabetes (Bryden, Dunger, Mayou, 

Peveler, & Neil, 2003; Bryden et al., 2001; Peters et al., 2011). Few emerging adults meet 

the American Diabetes Association recommendation for glycemic control for adults (A1c < 

7.0%) (American Diabetes Association, 2015). However, research has shown that 

adolescence and emerging adulthood are critical times to establish lifelong healthy habits 

and routines (Nelson, Story, Larson, Neumark-Sztainer, & Lytle, 2008; Schulenberg, 

Sameroff, & Cicchetti, 2004). Therefore, identification and evaluation of salient self-

management behaviors in emerging adults with type 1 diabetes is needed to better 

understand which skills are important during this transition to adulthood, and what factors 

are protective against worsening health outcomes.

The Self-Management of Type 1 Diabetes in Adolescents scale (SMOD-A) is a self-report 

measure which was designed to broaden the scope of measurement of diabetes self-care 

skills and provide clinicians with a tool to evaluate and promote self-management in youth 

with type 1 diabetes (Schilling et al., 2009). The SMOD-A identifies five separate categories 

of self-management: Collaboration with Parents, Diabetes Care Activities, Diabetes Problem 

Solving, Diabetes Communication, and Goals. It is a reliable self-report measure with good 

content validity with experiential experts (adolescents with type 1 diabetes and their parents) 

as well as professorial experts (Schilling et al., 2007). Therefore, this questionnaire is a valid 

tool which can be used to gather information about self-management skills in emerging 

adults and may provide insight into various aspects of behavior which facilitate better 

glycemic control.

Previous studies using the SMOD-A have found that youth with a shorter duration of 

diabetes perform more diabetes care activities and report more communication regarding 

their diabetes than do youth with a longer disease duration (Chao, Whittemore, Minges, 
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Murphy, & Grey, 2014). Diabetes self-management also mediates the relationships between 

depression and family functioning with glycemic control and quality of life (Whittemore et 

al., 2014). Furthermore, one cross-sectional study has examined differences in SMOD-A 

scores between early, middle and late adolescents/emerging adults, finding less collaboration 

with parents and more problem solving capabilities in emerging adults as compared to 

younger adolescents (Keough, Sullivan-Bolyai, Crawford, Schilling, & Dixon, 2011).

While research has used the SMOD-A to evaluate the adolescent population cross-

sectionally, little is known about its benefit in a longitudinal framework and potential 

applications in an emerging adult sample undergoing significant transitions over a 1 year 

period. By consistently using the same cohort of emerging adults, the variability between 

youth surveyed at different ages will be diminished, allowing interpretation of trends over a 

1 year time frame. The specific aim of this study was to examine differences in self-

management behaviors during a 1 year period in a cohort of emerging adults with type 1 

diabetes as they transitioned from senior year of high school into their first year of college or 

work post-graduation. We hypothesized that the SMOD-A would capture increases in self-

management behaviors evidenced over this time and self-report on the SMOD-A would be 

associated with indicators of diabetes care, including A1c, BG monitoring frequency, and 

mean BG level.

Methods

Data were drawn from a longitudinal study evaluating executive function, adherence, and 

parental involvement in emerging adults with type 1 diabetes. A sample of 79 emerging 

adults was recruited from a large pediatric diabetes clinic in the Mid-Atlantic. Inclusion 

criteria were emerging adults diagnosed with type 1 diabetes for at least 6 months, currently 

in the second half of their senior year of high school, with no other major chronic illnesses 

or psychiatric disorders, no pervasive developmental disorders or cognitive limitations, and 

who were fluent in reading and writing English. Recruitment letters were sent to 207 

emerging adults who potentially met recruitment criteria. Forty-eight participants could not 

be contacted by phone; an additional 4 participants cancelled their clinic visit after the initial 

letter was sent and were not reached. Of the 155 participants contacted, 50 were not 

interested in participating and 17 participants were ineligible, resulting in 88 participants 

who expressed interest in participating. Of these, 9 did not complete consent and baseline 

questionnaires, resulting in a total of 79 participants who enrolled in the study and 

completed the baseline time point. Trained research personnel obtained informed consent 

from the parents, assent from the participating emerging adults, and answered any questions 

the participants had pertaining to the study. All participating emerging adults received 

modest incentives for study participation ($25 at baseline increasing to $30 at the 6 month 

follow up and $35 at the 12 month follow up). The Institutional Review Board at the study 

site approved the study.

To complete the study in its entirety, participants completed questionnaires at three 

consecutive clinic visits representing baseline, 6 month, and 12 month time points. 6 

participants did not complete the 6 month questionnaires and 9 additional participants failed 

to complete the 12 month questionnaires, resulting in 64 participants who successfully 
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completed this study at all 3 time points. Participants with complete data at each time point 

were more likely to be Caucasian and to attend a 4 year university than those who did not 

complete the study (p<.05). For the purposes of this secondary data analysis, only 

participants with complete data at each time point were included in the final sample.

Measures

Demographic Data—Following informed consent, demographic information on the 

participant's age, gender, race/ethnicity, insulin therapy type, family income level, and 

parent's marital status were collected.

Diabetes Self-Management—Diabetes self-management was measured with the 

SMOD-A. The SMOD-A is a 52 item self-report questionnaire which measures self-

management activities, development, and goals (Schilling et al., 2009). It consists of 5 

subscales that measure unique aspects of self-management: Collaboration with Parents 

(range 0 to 39), Diabetes Care Activities (range 0 to 45), Diabetes Problem Solving (range 0 

to 21), Diabetes Communication (range 0 to 30), and Goals (range 0 to 21). The 

Collaboration with Parents subscale measures the frequency that parents are involved in their 

child's diabetes management. The Diabetes Care Activities subscale measures the frequency 

with which the emerging adult performs various activities which are essential to diabetes 

management. The Diabetes Problem Solving subscale assesses how frequently the emerging 

adult adjusts his/her regimen and knows his/her A1c numbers and goals. The Diabetes 

Communication subscale looks into how frequently the emerging adult communicates with 

his/her parents, healthcare providers, and friends about his/her health condition. Finally, the 

Goals subscale provides 7 potential diabetes goals and assesses the degree to which the 

emerging adult endorses or meets these goals. Higher scores are associated with better self-

management behaviors (Schilling et al., 2009). In addition to the test-retest reliability of the 

SMOD-A, construct validity has been established with other measures of diabetes care and 

management in youth, including the Diabetes Self-Management Profile (Harris et al., 2000) 

and Self-Care Inventory (Lewin et al., 2009), in addition to A1c. Reliability estimates are 

adequate, with reliabilities of the subscales ranging from 0.62 to 0.80 (Schilling et al., 2009). 

Reliability estimates in the current sample were similarly fair to good: Collaboration with 

Parents (α=0.69), Diabetes Care Activities (α=0.78), Diabetes Problem Solving (α=0.77), 

Diabetes Communication (α=0.70), and Goals (α=0.60).

Clinical Data—Medical record data, including the duration of diabetes, age at diagnosis, 

A1c, average frequency of BG monitoring, and average BG level were extracted from 

medical charts from regularly scheduled clinic visits at the time of questionnaire completion. 

Average frequency of BG monitoring and mean BG level were calculated using 30 days of 

BG data for the month prior to the clinic visit; BG data were extracted from meter 

downloads or participant print-outs of meter data downloaded at home. If meters were 

unable to be downloaded, a trained research assistant reviewed the glucometer with the 

emerging adult to document the most recent 30 days of BG data.
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Statistical Analysis

SPSS version 22 (SPSS Inc, Chicago, Illinois) was used for all statistical analyses. 

Descriptive statistics were calculated for all study variables to calculate frequencies, means, 

standard deviations, and range of values. One sample t tests were used to calculate 

differences between previously reported SMOD-A subscale means for emerging adults with 

type 1 diabetes with the current sample (Keough et al., 2011). Correlations were analyzed to 

identify associations between baseline SMOD-A mean values and measures of glycemic 

control, namely, A1c, frequency of BG monitoring, and mean blood glucose level at baseline 

and 12 month time points. Paired-samples t tests and one-way Analyses of Variance 

(ANOVAs) assessed for differences between SMOD-A subscale scores at baseline, 6 month, 

and the 12 month time points. Finally, a bivariate linear regression model was conducted to 

evaluate the association of baseline SMOD-A subscales in relation to glycemic control 

(A1c) at the 12 month time point to assess for potential subscales which can predict health 

outcomes at the 1 year mark. P values <0.05 were considered to be statistically significant.

Results

Sixty-four emerging adults with type 1 diabetes completed all three study time points; 

baseline demographic and clinical information is presented in Table 1. Participants were 

predominantly Caucasian, representing approximately equal numbers of males and females. 

All participants were between 17-19 years old and in the second half of their senior year of 

high school at baseline. Mean glycemic control was 8.00%, above the ADA guideline of an 

A1c < 7.5% for youth 18 and under. BG levels were monitored an average of 3.95 times per 

day, with an average blood glucose level of 179.52 mg/dL, and participants had been 

diagnosed with type 1 diabetes for an average of 6.65 years.

Baseline scores on the SMOD-A are presented in Table 2. The mean score on the Goals 

subscale differed significantly from values reported by Keough et al. in emerging adults ages 

17-21, with the current sample endorsing a higher score (Keough et al., 2011). There were 

no other significant differences between the current sample's mean scores and previously 

reported values. SMOD-A subscale scores were not significantly different by participant sex, 

race, or living situation post-high school (home or away from home); SMOD-A subscale 

scores were also not significantly associated with participant age or disease duration. 

Participants with lower family income reported less diabetes problem-solving skills (p<.05). 

Additionally, SMOD-A scores varied by insulin regimen, with participants on conventional 

insulin regimens consisting of 2-3 injections/day reporting more collaboration with parents 

and less diabetes care activities, diabetes problem solving, diabetes communication, and 

goals as compared to patients on intensive insulin regimens (insulin pump or multiple daily 

injections; ps <.05).

Over the 1 year period from high school graduation to post high-school, markers of 

glycemic control worsened. Average A1c levels increased from 8.00% at baseline to 8.50% 

at the 12 month follow-up. Average BG monitoring frequency decreased from 3.95 

checks/day at baseline to 3.24 checks/day at the 12 month follow-up. Mean BG levels also 

increased from 179.52 mg/dL at baseline to 196.40 mg/dL at the 12 month follow-up. 
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Correlation coefficients were computed between the five SMOD-A subscales at baseline and 

markers of glycemic control at the baseline and 12 month time points (Table 3).

The 5 SMOD-A subscales changed with varying degree over the 1 year period (Figure 1). 

The mean score on the Collaboration with Parents subscale decreased from 9.45 at baseline 

to 6.85 at 12 month follow-up (p<0.05). A one-way ANOVA indicated a significant time 

effect (F(2, 62)= 13.81, p<0.01, η2=0.31). The mean score on the Diabetes Problem Solving 

subscale increased from 16.00 at baseline to 17.20 at the 12 month follow-up (F(2, 62)=5.71, 

p<0.05, η2=0.16). In addition, mean scores on the Diabetes Communication subscale 

increased from 16.67 to 18.55 at the 12-month follow-up (F(2, 61)= 3.94, p<0.05, η2=0.11). 

No significant changes were found on the Diabetes Care Activities and Goals subscales from 

baseline to 12 month follow-up.

A hierarchical multiple regression analysis was conducted to evaluate if SMOD-A subscales 

predicted glycemic control (A1c) at the 12 month follow-up. Demographic variables 

significantly associated with SMOD-A subscale scores were included in the model (i.e. 

family income, insulin regimen). Baseline A1c levels were also included in analyses to 

control for variability based on glycemic status alone. The linear combination of these 

factors was significantly related to A1C at the 12 month time point (F(4,54) = 15.91, p<.01; 

adjusted R2=.51). Results indicated that baseline A1c had the most significant predictive 

effect on A1c at 12 months (β = .68; p<0.01). After accounting for baseline A1c, family 

income, and regimen, the Diabetes Problem Solving subscale significantly predicted A1c at 

12 months (β = -.25; p<0.05).

Discussion

Study results find changes in diabetes self-management occur in emerging adults with type 1 

diabetes as they transition from high school to college or employment post-graduation, with 

collaboration with parents decreasing and diabetes problem solving and communication with 

health care providers increasing. Findings also demonstrate the utility of the SMOD-A for 

measuring self-management skills in emerging adults. While other studies have used the 

SMOD-A in cross-sectional studies (Keough et al., 2011; Schilling et al., 2009), this study is 

one of the first to our knowledge that applies the measure longitudinally with the same 

group of participants. Emerging adults are a group at risk to loss of follow up, given their 

changes in living situation and/or medical care setting, making them a difficult group to 

study and fully characterize (Peters et al., 2011). These factors make the results found 

through this study particularly impactful, allowing for detection of changes in self-

management of diabetes in the context of potential transitions in education or living 

situation.

Changes in the various subscales were evident over the post-high school transition, with the 

biggest decrease seen in Collaboration with Parents and increases seen in Diabetes Problem 

Solving and Diabetes Communication. These findings corroborate well with previous 

studies, demonstrating that as emerging adults gradually accrue independence from the 

home environment, they rely less on parental supervision, feel more equipped to 

troubleshoot issues related to diabetes on their own, and are more comfortable 
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communicating with peers, healthcare providers, and parents about their diabetes (Hanna et 

al., 2013; Schilling et al., 2009; Schilling et al., 2006). The lack of significant change on the 

Diabetes Care Activities subscale was not surprising. This subscale consistently received the 

highest score at all 3 time points, and it is most likely that these technical skills (e.g. 

checking BG levels before meals, re-checking BG levels if high) are some of the first that 

youth master once diagnosed with diabetes. Additionally, the lack of difference on the Goals 

subscale implies that while emerging adults experience multiple changes after high school, 

their goals and motivation for diabetes management remain relatively constant. It is also 

possible that this did not change because emerging adults have not yet prioritized long term 

goals in light of all the immediate transitions they are experiencing. In general, youth on 

conventional insulin regimens consisting of a fixed number of insulin injections per day 

reported more collaboration with parents and less diabetes care activities, problem solving, 

and communication, and fewer diabetes-related goals. This may be, in part, due to the 

inflexibility of the regimen, as youth on conventional regimens may not have the same 

opportunity to adjust insulin doses in response to changes in diet, activity, or BG levels.

Among the subscales, the Diabetes Care Activities subscale had the strongest correlations 

with markers of glycemic control at both the baseline and 12 month time points. This was 

expected, as the subscale assesses adherence to the diabetes regimen, and is therefore closely 

related to BG monitoring frequency and mean BG levels. The Diabetes Problem Solving 

subscale correlated significantly with A1c at the 12 month time point, and was the only 

subscale which significantly contributed to A1c at 12 months in regression analyses. These 

findings indicate that as emerging adults begin mastering more nuanced skills of diabetes 

care (e.g. knowing goal A1c values, adjusting insulin based on BG levels), long term 

glycemic control is improved. Recent studies recognize the importance that problem solving 

skills play in glycemic control (Hill-Briggs et al., 2006; Mulvaney et al., 2014), and 

interventions promoting problem solving skills in adults with diabetes have been successful 

in improving glycemic control (Hill-Briggs et al., 2006). Our findings suggest problem 

solving skills may be critical to managing the unpredictability often present in the daily lives 

of emerging adults, and promoting problem solving skills in adolescents may help to protect 

against the worsening glycemic control seen during this developmental period.

Limitations and Future Directions

This study had several limitations. First, the attrition rate of the study was about 19%, given 

that data needed to be collected at all 3 time points and be complete in regards to the 

SMOD-A. Therefore, this study may underrepresent youth with more risk factors or who are 

in poorer control. Second, the demographics of the sample included a majority of Caucasian 

participants from families of high socioeconomic status, which limits the generalizability of 

the findings. Participants also predominantly enrolled in higher education after high school, 

and youth who entered into full-time employment post-high school made up a small 

minority of the sample. Third, although the study was designed to capture a transitional 

period from high school to post-high school, the study time frame of 1 year was relatively 

short. Finally, the effect sizes found in this study were modest. Future research should 

confirm these findings in a more diverse sample of emerging adults with type 1 diabetes 
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with a wider range of income levels, racial diversity, and post-high school trajectories over a 

longer period of time.

Clinical Implications

These findings, taken together, can inform the role that healthcare providers have in 

supporting emerging adults with type 1 diabetes during this transition period. It is important 

to normalize changes in diabetes responsibility for both parents and emerging adults and to 

not only encourage the emerging adult to take on more responsibility as appropriate, but also 

to prepare them with the skills necessary to make this transition seamless. The SMOD-A 

may be a useful tool for healthcare providers and understanding self-management patterns 

may guide effective strategies targeted toward these areas of self-management in an effort to 

prepare their patients for this transition period post-high school. For example, there are a 

number of university-based supports for diabetes care (e.g. College Diabetes Network 

chapters, on-campus health services) and pediatric healthcare providers can develop 

partnerships and resources to familiarize their patients with these services before college 

entrance. Targeted education and workshops for emerging adult patients may also encourage 

key self-management skills during this transitional period (Sequeira et al., 2015). 

Specifically, encouraging patient engagement in active problem solving around diabetes 

management may enhance the ability to proactively and confidently adapt diabetes care 

routines to changing routines and schedules evident in emerging adulthood. The advance of 

technology can aid in this domain. There are a number of diabetes-related smartphone apps 

that can assist with tracking and prompting self-management behaviors (Eng & Lee, 2013). 

In addition, the growing use of electronic health records allows for more frequent, dynamic 

communication with healthcare providers (Corathers et al, 2015). Such strategies can 

maintain or improve glycemic control, and help emerging adults and their families prepare 

for the post-high school transition.

Conclusion

Emerging adults with type 1 diabetes are at risk for poor glycemic control, as evidenced by 

increased A1c and mean BG level and decreased BG monitoring frequency over the first 

year post-high school. Study results suggest that emerging adults are assuming increased 

responsibility for diabetes management and are more willing to discuss problems related to 

their diabetes. However, they are also adjusting to new schedules and may struggle with 

incorporating diabetes management strategies into daily routines, resulting in transition from 

high school to post-high school being a time of worsening glycemic control. It is important 

that pediatric health care providers promote appropriate developmental responsibility for 

diabetes care and partner with emerging adults to promote skills essential to good diabetes 

management, including diabetes-related problem solving and good communication with 

health care providers.
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Figure 1. 
Mean SMOD-A Subscale Scores Across Time.

*p <0.05
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Table 1

Demographic Characteristics (n=64).

% Mean SD Range

Gender (% female) 51.60

Race (% Caucasian) 75.00

Plans post high school

 4 year college 67.20

 2 year college 26.60

 Employment 6.30

Living situation post-high school (% living away from home) 70.30

Parent Marital Status (% married) 83.90

Parent household income (>$100,000/year) 64.50

Insulin therapy

 Pump 37.50

 Basal-bolus injections 42.20

 2-3 injections/day 20.30

Age (years) 18.12 0.44 17.26-19.07

Disease Duration (years) 6.65 4.37 0.72-17.30

A1c (%) 8.00 1.25 6.00-12.30

BG monitoring frequency 3.95 2.04 0.27-11.40

(checks/day)

Average BG level (mg/dL) 179.52 43.85 106-350
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Table 2

SMOD-A Subscale Definitions, Means, and Standard Deviations.

SMOD-A Subscale Definition Mean SD Range

Collaboration How frequently parents are involved in diabetes 9.45 4.72 2-23

management

Diabetes Care How frequently the adolescent/emerging adult performs key activities of diabetes 
management

30.36 6.38 8-42

Diabetes Problem Solving How frequently the adolescent/emerging adult adjusts regimen and knows A1C 
numbers and goals

16.00 3.90 0-21

Diabetes Communication How frequently the adolescent/emerging adult communicates with parents, healthcare 
providers, and friends about their disease

16.67 4.56 6-26

Goals The degree to which the adolescent/emerging adult has endorsed seven potential 
diabetes goals

17.22 2.23 12-21

J Pediatr Health Care. Author manuscript; available in PMC 2018 January 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Majumder et al. Page 14

Ta
b

le
 3

B
as

el
in

e 
SM

O
D

-A
 c

or
re

la
tio

n 
w

ith
 A

1c
, F

re
qu

en
cy

 o
f 

B
G

 M
on

ito
ri

ng
, a

nd
 M

ea
n 

B
G

 L
ev

el
.

B
as

el
in

e
12

 m
on

th
 fo

llo
w

-u
p

A
1c

B
G

 F
re

qu
en

cy
M

ea
n 

B
G

 L
ev

el
A

1c
B

G
 F

re
qu

en
cy

M
ea

n 
B

G
 L

ev
el

C
ol

la
bo

ra
tio

n 
w

ith
 P

ar
en

ts
0.

16
-0

.0
6

0.
10

0.
12

-0
.0

9
0.

08

D
ia

be
te

s 
C

ar
e 

A
ct

iv
iti

es
-0

.4
2*

*
0.

46
**

-0
.3

6*
*

-0
.2

1
0.

45
**

-0
.3

2*
*

D
ia

be
te

s 
Pr

ob
le

m
 S

ol
vi

ng
-0

.1
1

0.
20

-0
.1

2
-0

.2
6*

0.
17

-0
.1

8

D
ia

be
te

s 
C

om
m

un
ic

at
io

n
-0

.1
8

0.
21

-0
.0

2
-0

.0
7

0.
21

-0
.0

4

G
oa

ls
-0

.2
1

0.
24

-0
.2

2
-0

.2
1

0.
33

**
-0

.2
9*

* p<
.0

5;

**
p<

.0
1

J Pediatr Health Care. Author manuscript; available in PMC 2018 January 01.


	Abstract
	Introduction
	Methods
	Measures
	Demographic Data
	Diabetes Self-Management
	Clinical Data

	Statistical Analysis

	Results
	Discussion
	Limitations and Future Directions
	Clinical Implications
	Conclusion

	References
	Figure 1
	Table 1
	Table 2
	Table 3

