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Abstract

OBJECTIVES—This study sought to: 1) Assess the prevalence of diabetes complications and
comorbidities screening as recommended by the American Diabetes Association (ADA) for youth
and young adults (YYAs) with type 1 diabetes (T1D), 2) Examine the association of previously
measured metabolic status related to diabetes complications with receipt of recommended clinical
screening, and 3) Examine the association of satisfaction with diabetes care with receipt of
recommended clinical screening.

METHODS—The study included 2,172 SEARCH for Diabetes in Youth participants with T1D
(>10 years old, diabetes duration >5 years). Mean participant age was 17.7 + 4.3 years with a
diabetes duration of 8.1 + 1.9 years. Linear and multinomial regression models were used to
evaluate associations.
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RESULTS—Sixty percent of participants reported having 3 or more HbAlc measurements in the
past year. In terms of diabetes complications screening, 93% reported having blood pressure
measured, 81% having an eye examination, 71% having lipid levels checked, 64% having a foot
exam, and 63% completing albuminuria screening in accordance with ADA recommendations.
Youth known to have worse glycemic control in the past had higher odds of not meeting HbAlc
screening criteria (OR 1.11, 95% CI = 1.05, 1.17); however, after adjusting for race/ethnicity, this
was no longer statistically significant. Greater satisfaction with diabetes care was associated with
increased odds of meeting screening criteria for most of the ADA-recommended measures.

CONCLUSIONS—Efforts should be made to improve diabetes complications screening efforts
for YYAs with T1D, particularly for those at higher risk for diabetes complications.

Keywords

Type 1 diabetes mellitus; Quality of care; Patient satisfaction; Diabetes complications; Youth;
Young Adult

INTRODUCTION

Management of diabetes has been a prominent focus of measurement and quality
improvement initiatives since the start of the 215t century, including for youth and young
adults with diabetes.12 The American Diabetes Association (ADA), for example, has been
publishing a single resource on current standards of care pertaining specifically to children
and adolescents with type 1 diabetes since 2005.3 With the introduction of the Triple Aim,
the Institute for Healthcare Improvement’s framework for optimizing health system
performance, efforts to improve the patient experience and quality of care have expanded to
include patient satisfaction.* Evidence, however, suggests that the quality and satisfaction
with ambulatory care for youth with diabetes is suboptimal.> Further, less than a quarter of
youth and young adults meet recommended targets for glycemic control,”® placing them at
risk for diabetes complications and comorbidities.

Youth with pediatric-onset diabetes compared to adult-onset face a greater risk for
complications secondary to having a longer duration of disease. Complications associated
with diabetes are a major contributor to the burden of the disease and it is estimated that up
to 45% of the diabetes-attributed medical expenditures in the United States (U.S.) are spent
treating complications of diabetes.® Appropriate diabetes-related complications screening
has been shown to decrease the risk for progression of microvascular complications and
reduce hospitalizations for diabetes-related complications.10

The recent finding from the SEARCH for Diabetes in Youth study (SEARCH) that
approximately one-third of teenagers and young adults diagnosed with type 1 diabetes prior
to age 20 years have at least one diabetes-related complication!! underscores the importance
of screening for complications and comorbidities in the ambulatory care setting, particularly
for those already identified to be at higher risk for complications based on previous
metabolic status evaluations. The goal of this study was to assess the prevalence of self-
reported receipt of complications and comorbidities screening as recommended by the ADA
including frequency of HbAlc, lipid, blood pressure and urinary albumin measurements and
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frequency of retinal and foot examinations. Second, the association of previously measured
metabolic status related to diabetes complications, obtained on a prior SEARCH research
study visit, with receipt of clinical screening was determined. Finally, we aimed to examine
the association of satisfaction with diabetes care with receipt of clinical screening per ADA
guidelines.

SEARCH for Diabetes in Youth Study Procedures

SEARCH is a population-based incidence registry network that includes 5 centers located in
California, Colorado, Ohio, South Carolina, and Washington.12 Children and adolescents
with diabetes diagnosed before 20 years of age were identified from ongoing surveillance of
networks.12 In the first two phases of SEARCH (SEARCH 1 and 2), individuals newly
diagnosed with diabetes in 2002—2006 and 2008 were contacted and recruited for a baseline
research visit. Incident cases from 2002—-2005 were also asked to return for visits at 12, 24,
and 60 months after their baseline visit to measure risk factors for diabetes complications
(Figure 1).

The SEARCH 3 cohort study visit was designed to recruit a subset of SEARCH participants
with a duration of diabetes greater than 5 years for an outcome visit between 2011 and 2015,
for whom a single assessment of diabetes-related complications was completed. Research
visits included questionnaire administration, along with collection of physical measurements
and a blood sample. For blood pressure measurement, the mean of 3 systolic and diastolic
blood pressure levels was obtained with an aneroid manometer after at least 5 minutes of
rest. Blood draws and urine samples occurred after an 8-hour overnight fast and levels of
HbA1c, lipids, and urine albumin and creatinine were measured. Diabetic retinopathy was
determined by grading 45° color digital fundus images centered on the disc and macula of
both eyes, taken with a nonmydriatic camera (Visucam Pro N; Carl Zeiss Meditech).13 The
Wisconsin Ocular Epidemiology Reading Center graded photos masked to all clinical
characteristics. Finally, peripheral neuropathy was assessed with the Michigan Neuropathy
Screening Instrument (MNSI) examination.1415

Based on the results of the clinical and laboratory measures, participants were classified as
having dyslipidemia if they were on a lipid medication and/or had a fasting non-HDL >130
mg/dL, HDL <35 mg/dL, or triglycerides >150 mg/dL. For participants <18 years of age,
hypertension was defined as being on an antihypertensive medication and/or a blood
pressure measurement =95th percentile for age, gender, and height, while those older than
18 were classified as hypertensive if they were on an antihypertensive and/or had a systolic
blood pressure of >140 mmHg. Diabetic kidney disease was defined as the presence of
albuminuria (=30 pg/mg of creatinine) on spot urine samples as first morning void samples
were only available for SEARCH 3 visits. Diabetic retinopathy was defined as the presence
of mild, moderate, or proliferative retinal changes in either eye. Finally, peripheral
neuropathy was defined as a score greater than 2 on the MNSI. Of note, data on retinopathy
and peripheral neuropathy were not collected in the first two phases of SEARCH.
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Quality-of-Care Measures

SEARCH 3 participants completed the SEARCH quality-of-care survey at the cohort study
visit. Given that electronic health record data was not available to the study team to capture
information related to screening for complications and comorbidities, the SEARCH quality-
of-care survey was designed by the study team to solicit information about conformity with
ADA-recommended standards of diabetes care, access to care, self-care practices, and
satisfaction with care.

The SEARCH quality-of-care survey was completed by the participants themselves if s/he
was 18 years or older at the time of survey administration. If the participant was younger
than 18 years of age, then the survey was completed by the participant’s parent or guardian.
All survey responses were in pre-designated categories and were available in English and
Spanish.

For the SEARCH quality-of-care survey responses, receipt of clinical screening responses
designated as “meets criteria” were as follows: 1) HbAlc level measurement — “3 or more
times” in the past year; 2) Lipid levels measurement — For age 10-17 any response better
than “Never”; for age 18+ “In the past year”; 3) Blood pressure measurement — “Every visit”
or “most visits” in the past year; 4) Albuminuria measurement — “In the past year;” 5) Eye
examination — “In the past year” or “More than a year but less than 2 years;” 6) Foot
examination — “In the past year.” Participants were also given the option to select “Do not
know/not sure” with each of the quality-of-care questions. Satisfaction with diabetes care
was assessed using participant’s response on how s/he would rate overall diabetes care
received (response choices: excellent, good, fair, poor).

Study Population

SEARCH participants with type 1 diabetes who were at least 10 years of age at the time of
the SEARCH 3 cohort study visit when they completed the SEARCH quality-of-care survey
and had physical or laboratory measurements related to diabetes control and complications
at the SEARCH 3 cohort study visit and a prior SEARCH study visit, were selected for
inclusion in this study (Table 1). If participants had more than one visit prior to the
SEARCH 3 cohort study visit, the visit most recent in time to the cohort study visit was
included in the analysis. The institutional review boards for all sites approved the study
protocol. For all participants, the parent, adolescent or young adult, or both provided consent
or assent.

Statistical Analyses

Descriptive information is presented as mean + SD for continuous, or count (%) for
categorical variables. After summarizing the distribution of patient characteristics, we
examined the percent meeting ADA screening criteria for HbALc, lipids, blood pressure,
albuminuria, eye exams and foot exams overall and stratified by race/ethnicity. Meeting
screening criteria was defined as a 3-level outcome variable: “Meets criteria”, “Does not
meet criteria”, “Do not know/Not sure.”
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In order to examine the relationship between measurements related to diabetes control and
complications at the visit prior to the cohort study visit and meeting ADA-recommended
screening criteria at the cohort study visit, we fit a series of multinomial logistic regression
models. First, we examined diabetes control and complications as predictors of meeting
ADA-recommended screening criteria without adjustment for any covariates (Model 0).
Next, we adjusted for age, gender, and duration of diabetes (Model 1) with the additional
adjustment of HbAlc at the prior visit in Model 2. After adjusting for potential confounding
by demographic and clinical measures, we adjusted for race/ethnicity to examine whether
racial and ethnic disparities might explain some of the variation in receipt of screening
(Model 3). Finally, we included potential sociodemographic and diabetes care related
confounders that are correlated with race/ethnicity, specifically insurance, income, parent
education, diabetes care provider, and clinical site (Model 4). Model 5 adjusted for
covariates in Model 4 plus past HbAlc. Of note, for the outcome of meeting HbAlc
screening criteria, Models 2 and 5 were omitted because past HbALc is the covariate of
interest and is already in the model. Models were also not fit for meeting screening criteria
for foot and eye exams because corresponding measures of diabetes complications related to
peripheral neuropathy and retinopathy were not available at a prior visit.

This same sequential series of models was fit to examine cross-sectional associations
between measurements related to diabetes control and complications (from the SEARCH 3
cohort study visit) and meeting screening criteria at the same visit. In this series of models,
meeting screening criteria was the predictor variable and the corresponding measurements
related to diabetes control and complications are the outcome. Logistic regression models
were fit for binary measurements related to diabetes complications and linear regression for
the continuous HbAlc measurement. All models in this series additionally adjusted for the
corresponding past physical or laboratory measurements (e.g. models predicting
hypertension at the SEARCH 3 cohort study visit additionally adjusted for hypertension at
the most recent SEARCH visit preceding the SEARCH 3 cohort study visit). Peripheral
neuropathy and retinopathy were not available at past visits and so were not included in their
associated models.

Associations between satisfaction with care and the 3-level screening criteria at the
SEARCH 3 cohort study visit were examined using multinomial logistic regression models
adjusted for age, gender, duration of diabetes, race/ethnicity, health insurance, parent
education and household income, diabetes care provider, and study site. For all analyses,
models were fit separately for each screening criteria. All statistical analyses were conducted
using SAS version 9.4 (SAS Institute, Cary, NC).

RESULTS

Of the 2,172 participants included in the analysis (mean participant age 17.7 years with a

mean type 1 diabetes duration of 8.1 years; Table 1), 60% reported having 3 or more HbAlc
measurements in the past year (Table 2). In terms of diabetes complications screening, 93%
reported having blood pressure measured, 71% having lipid levels checked, and 81% having
an eye examination in accordance with ADA recommendations. Fewer participants reported
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meeting screening criteria for foot examinations (64%) and having their urine tested for
protein (63%).

When examining the impact of a participant’s prior metabolic status on meeting ADA-
recommended screening criteria for HbAlc measurements, Y YAs with worse glycemic
control at their previous SEARCH study visit had higher odds of not meeting screening
criteria (OR 1.11, 95% CI = 1.05, 1.17; Table 3) and not knowing or being unsure (OR 1.24,
95% CI=1.08, 1.43; Table 3). However, after adjusting for race/ethnicity, these associations
were attenuated and no longer statistically significant (OR 1.05, 95% CI = 0.99, 1.11 and
OR=1.10, 95% CI=0.95, 1.28, respectively) and they were further attenuated with the
addition of socioeconomic factors (OR 1.04, 95% C1 0.98, 1.10 and OR 1.03, 95% CI 0.87,
1.22). In the unadjusted analysis, Y YAs with elevated blood pressure at their prior SEARCH
visit had increased odds of not meeting screening criteria relative to those without
hypertension (OR 2.24, 95% CI = 1.13, 4.45). After adjusting for age, gender and duration
of diabetes, however, this association was no longer statistically significant. There was no
significant association with prior albuminuria or dyslipidemia with meeting screening
criteria. Past measures were not available for peripheral neuropathy and retinopathy.

In the linear regression model examining whether meeting HbAlc screening criteria is
associated cross-sectionally with glycemic control after adjusting for covariates, participants
who did not meet, or were unsure about meeting ADA screening criteria for HbAlc had
higher current HbA1c than those meeting criteria (p < 0.01). Specifically, HbAlc was 0.28%
higher among participants not meeting screening criteria and 0.81% higher among those
unsure about meeting screening criteria compared to participants meeting screening criteria
(Supplemental Table). The logistic regression models did not demonstrate statistically
significant associations between the presence of hypertension, albuminuria, and peripheral
neuropathy with meeting screening criteria.

Greater satisfaction with diabetes care was associated with increased odds of meeting
screening criteria for most of the ADA-recommended measures (Table 4). For HbAlc
measurements, a 1-step increase in satisfaction showed, averaged over all levels of
satisfaction, an odds ratio of 1.39 (95% CI = 1.23, 1.58) of meeting screening criteria.
Similarly, greater satisfaction was associated with SEARCH participants meeting screening
criteria for blood pressure measurements (OR 1.32, 95% CI = 1.01, 1.72), dyslipidemia
screening (OR 1.27, 95% CI = 1.04, 1.55), retinopathy evaluations (OR 1.22, 95% CI =
1.04, 1.44), and foot examinations (OR 1.26, 95% CI = 1.10, 1.45).

DISCUSSION

Data from this large multicenter study further confirm that many youth and young adults
with type 1 diabetes in the U.S. are not receiving ADA-recommended clinical screening,
thereby increasing the likelihood that risk factors for diabetes complications remain
unrecognized and reducing the opportunities for early intervention to prevent progression of
complications. The findings that only 60% of Y YAs report meeting criteria for HbAlc
screening and that participants with higher past HbAlc levels had decreased odds of meeting
screening criteria or not knowing/being unsure about meeting screening criteria underscore
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the need for improving the delivery of care to older teens and young adults, particularly
given that poor glycemic control is known to be associated with the development of diabetes
complications.16:17 Further, improving satisfaction with care may offer an additional
modifiable factor to help Y'YAs meet recommended standards of care.

Our results demonstrate that Y'YAs with worse glycemic control are at higher risk of not
receiving ADA-recommended care in terms of receipt of clinical tests. Previous studies have
highlighted that patients with diabetes who have poor glycemic control more frequently miss
clinic appointments, which certainly may increase the likelihood of missed screening for
complications screening.18-20 However, the fact that the association between higher HbAlc
and not receiving ADA-recommended clinical screening was no longer present in the
analyses after adjustment for race/ethnicity, and was further attenuated by socioeconomic
factors, suggests that these factors are related to the reasons why many youth and young
adults are not receiving recommended screening. Our findings highlight the need for
providers and health care systems to consider measuring healthcare disparities in their
efforts to provide high-quality care.?! Diabetes providers, for example, should be
encouraged to use the National Quality Forum’s National Voluntary Consensus Standards
for Ambulatory Care to evaluate the quality of care being provided at an institutional level.22

Recognizing that the evaluation of glycemic control is an integral component of a diabetes
clinic visit and most SEARCH sites use point-of-care HbAlc measurements,3 our finding
that two-fifths of youth and young adults report not meeting HbAlc screening criteria
suggests that poor clinic attendance likely remains a barrier to receiving optimal diabetes
care. Infrequent clinic attendance is problematic not only as it interferes with the ability to
complete necessary screening of diabetes complications but also results in missed
opportunities for receiving diabetes management guidance, additional education, and
support.24 Strategies that promote creative and flexible options that work to address
disparities related to diabetes care such as telemedicine should be considered.

Since the introduction of the Triple Aim by the Institute for Healthcare Improvement as a
framework for optimizing health system performance that included an emphasis to improve
the experience of care, patient satisfaction has increasingly been recognized as an important
aspect of the quality of medical care.*2° Previous studies have demonstrated that patient
perceptions of quality are remarkably accurate even if the technical details are not as well
understood.26:27 Qur study highlights that participants who reported higher satisfaction with
diabetes care were more likely to have met screening criteria for most of the ADA-
recommended measures. This, along with the recent finding that anticipatory guidance
around health-promoting opportunities in young adults with diabetes is positively associated
with both increased satisfaction with health care and ratings of overall personal health in
youth with diabetes, suggests that quality improvement efforts around improving treatment
satisfaction could be prioritized to provide care consistent with recommendations.28

Data from our study indicate that quality improvement efforts could help ensure that
diabetes care team members are carrying out appropriate tests related to diabetes
complications in the clinical setting. Of interest was the number of participants that “did not
know” or were “not sure” of their status regarding various clinical tests, suggesting that
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communication around measures being taken to support complications screening may be
suboptimal or ineffective. Efforts to improve shared-decision making and incorporate
deliberate dialogue around screening of complications may be helpful and should be
encouraged.2 In addition, efforts may need to be directed toward pediatric care providers to
enable them to be more comfortable addressing, with parents and adolescents with diabetes,
the need for screening for risk of complications.

This study has limitations. First, given that we did not have access to clinical care data from
medical records, we relied on self-report to assess the frequency of screening which were
then compared with ADA-recommended standards of care. Previous work has demonstrated
that there is reasonable concordance between patient report and information in medical
records in ambulatory care settings and when assessing comorbid conditions.3%-32 Second,
social desirability bias could have led to participants over-reporting the frequency of
screening;33 however, the need for quality improvement efforts would remain, given the
substantial percentage of participants that reported suboptimal screening frequency. Third,
given that cohort study visits took place over a 5-year period, some of the physical
measurements may not have been reflective of current metabolic status, though all youth and
young adults should be receiving clinical screening and appropriate screening based on
recommended guidelines regardless of the absence or presence of a comorbidity. Fourth, the
lack of data on clinic attendance limited the ability to comment in detail on clinical
opportunities for screening. Fifth, our findings may not be generalizable to resource
challenged settings. Finally, given the lack of access to electronic health records, we were
unable to comment on whether clinical screening had been performed, or ordered but then
not completed. We are also unable to quantify communication between visits as a modifier
of access or satisfaction with care.

The quality of ambulatory diabetes care for individuals with type 1 diabetes is important
relative to their overall health.34 With the rising incidence of type 1 diabetes among youth in
the U.S.,35 more children and adolescents are at risk for the development of diabetes-related
complications. Evidence-based clinical guidelines are useful tools to promote effective and
efficient care.36 Our study highlights the challenges in achieving ADA-recommended
standards of care in Y'YAs with diabetes in terms of diabetes complications screening. In
addition, continued work to engage adolescents and young adults may help to facilitate
regular medical care. Given the large economic burden of diabetes complications on the
individual, society and the health care system, efforts to further improve the quality of
diabetes care in Y YAs are warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1:
Design of the SEARCH for Diabetes in Youth cohort study.
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TABLE 1.

Sociodemographic, Clinical Characteristics, and Satisfaction With Care of SEARCH participants with T1D
who completed the Quality-of-Care Survey.
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N 2172
Age, mean £ SD, y 17.7+4.3
10-17, n (%) 1157 (53)
18+, n (%) 1015 (47)
Diabetes duration, mean + SD, y 8.1+19
Female gender, n (%) 1098 (51)

L1
Race/ethnicity™, n (%)
Non-Hispanic White 1633 (75)
Non-Hispanic Black 229 (11)
Hispanic 258 (12)
Other race/ethnicity 51(2)

2

Health Insurance™, n (%)
Private 1524 (71)
Medicaid/Medicare 458 (21)
Other/None 179 (8)
Highest Parental Education‘;, n %
High school or less 339 (16)
Some college/Associate degree 693 (32)
College graduate or higher 1105 (52)
Household Income4, n (%)
>$75,000 791 (37)
$50,000-$74,999 334 (15)
$25,000-$49,999 351 (16)
<$25,000 332 (15)
Do not know/refuse to answer 357 (16)
Diabetes care provider®, n (%)
Pediatric endocrinologist 1228 (57)
Adult endocrinologist 414 (19)
Other provider 462 (21)
None/Not sure 46 (2)
Satisfaction with diabetes care®
Excellent 525 (25)
Good 1002 (48)
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Fair

Poor

485 (23)
9 (4)

1N:217l
%V:2161

N=2137
ﬂﬂ=2171
1N=2165
1N=2150

1N:2106
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TABLE 4.

Page 18

Odds ratios from separate multinomial regression models with satisfaction with diabetes
care as covariate of interest and current screening criteria as 3-level outcome (“Meets
Criteria” as reference).”

Estimates in table are odds ratios (95% CI) for 1-step increase in satisfaction.

ADA-Recommended Standards of Diabetes
Care

Meets Criteria vs. Does Not Meets Criteria

Meets Criteria vs. Do Not Know/Not Sure

OR”* (95% CI)

OR”* (95% CI)

HbAlc

1.39 (1.23, 1.58)

1.29 (0.86, 1.94)

Blood pressure

1.32 (1.01, 1.72)

1.44 (0.97, 2.14)

Albuminuria

1.14 (0.98, 1.33)

1.14 (0.97, 1.33)

Lipid levels

1.27 (1.04, 1.55)

1.30 (1.11, 1.51)

Eye examination

1.22 (1.04, 1.44)

1.15 (0.82, 1.63)

Foot examination

1.26 (1.10, 1.45)

1.34 (1.09, 1.63)

*
Models adjust for age, gender, duration of diabetes, race/ethnicity, insurance, parent education and income, diabetes care provider, and clinical

site.
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