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Abstract

Background Racial/ethnic health inequities have been
well-documented among youth and young adults with
type 1 diabetes (T1D), yet little is known about how
socioeconomic position (SEP) intersects with the risk
marker of race/ethnicity to predict inequities in longitu-
dinal glycemic control.

Purpose To identify patterns of SEP, race/ethnicity, and
clinical characteristics that differentiate hemoglobin Alc
(HbA, ) trajectories among youth and young adults after
T1D diagnosis.
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Methods The SEARCH for Diabetes in Youth cohort in-
cludes youth with diabetes diagnosed from 2002 to 2006
and 2008 who were followed through 2015. We analyzed
data from 1,313 youth and young adults with T1D with
>3 HbA  measures. Classification tree analysis iden-
tified patterns of baseline demographic, SEP, and clin-
ical characteristic that best predicted HbA  trajectories
over an average of 8.3 years using group-based trajectory
modeling.

Results Two HbA | trajectories were identified: Trajectory
1 (77%) with lower baseline HbA  and mild increases
(from mean 7.4% to 8.4%) and Trajectory 2 (23%) with
higher baseline HbA  and major increases (from 8.5%
to 11.2%). Race/ethnicity intersected with different SEP
characteristics among non-Hispanic white (NHW) than
in non-whites. Public health insurance predicted high-risk
Trajectory 2 membership in non-whites, whereas parental
education, household structure, diagnosis age and glucose
checking frequency predicted membership for NHW youth
and young adults. Two characteristics, race/ethnicity and
parental education alone identified 80% of the Trajectory
2 members.

Conclusions Race/ethnicity intersects with multiple SEP
and clinical characteristics among youth and young
adults with T1D, which is associated with particularly
high risk of poor long-term glycemic control.

Keywords Type 1 diabetes - Health inequities - Race -
Ethnicity - Socioeconomic position - Intersectionality

Introduction

Optimizing glycemic control is the overarching goal of
type 1 diabetes mellitus (T1D) management based on
evidence that normalizing blood glucose reduces the
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risk of chronic complications and premature mortality
[1-3]. A majority of youth and young adults with T1D
do not achieve glycemic target ranges, with recent data
showing only 17% of youth and 21% of adults meeting
current recommendations [4, 5]. Moreover, the quali-
tative patterns of glycemic control that youth may ex-
perience over time are heterogeneous, with increasing
hemoglobin Alc (HbA ) often observed in adolescence
and young adulthood [5]. We have previously identified
three HbA trajectories in a population-based study of
youth and young adults with T1D, two of which were
unfavorable, starting out from moderate levels at about
8% HbA  and then worsening over time to about 10%
HbA  _[6].

Racial/ethnic inequities in glycemic control among
youth and young adults with T1D, including in longitu-
dinal HbA | measures, have been documented for decades
[7-10]. Non-white youth and young adults with diabetes,
particularly non-Hispanic black youth and young adults,
have significantly higher average HbA  and higher fre-
quencies of very poor glycemic control than non-Hispanic
white youth and young adults [4, 6, 8, 11]. These differ-
ences need to be interpreted bearing in mind that race/eth-
nicity is a complex social construct and a marker of risk,
not a causal risk factor. Among the fundamental causes
of racial/ethnic inequities are structural or institutional
racism (i.e., societal and institutional practices, policies,
and laws that differentially advantage white people and
disadvantage people of color) [12-14] and differences in
socioeconomic position (SEP), including both resources
(i.e., material and social resources and assets) and prestige
(i.e., rank or status in a social hierarchy) [15].

Moving beyond the description of race/ethnic health
inequities in the United States (US) toward an under-
standing and quantification of potential actionable
intervention points is complicated because SEP-related
inequities in glycemic control manifest along multidimen-
sional and related social categories (e.g., access to health
insurance and health care, education, income, family
composition, household structure, etc.) and macro-level
characteristics (e.g., structural racism, neighborhood
segregation, social cohesion, and deprivation) [7, 16-21].
Using multivariable regression models to parse out inde-
pendent effects of race/ethnicity from SEP is problematic
given the high degree and complexity of interrelation-
ships. Whereas including statistical interaction terms
in regression models is a step toward allowing for more
complexity, fundamentally this method does not align
well with the high complexity of interrelationships.
Further, regression methods are not well-suited to de-
tangle heterogeneity in patterns of health inequity across
the population, for example, by identifying subgroups
with different subsets of characteristics or experiences
that intersect as risk factors for poorer health outcomes
over time.

The intersectionality framework posits that multiple
forces of social inequity intersect to affect the ways
in which individuals experience oppression [22].This
framework explicitly promotes the consideration of
intersecting identities (e.g., race/ethnicity and sex), and
thus multiple explanatory characteristics simultaneously
in investigations of health inequities. Intersectionality re-
search is well-established in the social sciences but less
integrated in public health or medicine [23-25].Whereas
intersectionality has primarily been applied to the study
of the intersection of identities defined by race, ethnicity,
and sex, a broader range of SEP characteristics (e.g.,
single parenthood, lack of health insurance, etc.) has
been incorporated by some investigators as these charac-
teristics can also compound structural inequalities [26].

Although a body of qualitative and ethnographic
intersectional diabetes research exists, there are few
quantitative intersectional diabetes studies [27, 28].
Given the multitude of influences on glycemic control,
the understanding of inequities in glycemic control may
be advanced by studying the combined influences of
race/ethnicity and multiple other contributing charac-
teristics as well as elucidating how the influences of dif-
ferent characteristics depend on each other.

Therefore, our aim was to use a classification tree-
based method to the identification of patterns of race/
ethnicity, SEP, and clinical characteristics early in the
course of diabetes that predict and differentiate longi-
tudinal patterns of glycemic control among youth and
young adults with T1D over the first decade after diag-
nosis. Our intent was to advance the understanding of
the previously observed racial and ethnic inequities in
glycemic control to identify structural characteristics that
place individuals at particularly high risk for long-term
poor glycemic control and to advance our understanding
of how different characteristics may work together with
the ultimate goal of developing more effective interven-
tion programs for youth with diabetes.

Methods
Study Design

The SEARCH for Diabetes in Youth study began in
2000 as a multicenter surveillance study of physician-
diagnosed diabetes mellitus in youth younger than age 20
at diagnosis [29]. Across the subsequent funding cycles,
the study evolved to support a prospective observational
cohort. The SEARCH Cohort Study is comprised of
cases identified through the surveillance effort (Online
Supplemental Figure 1), including cases newly diag-
nosed in 2002-2005 (SEARCH Phase 1) and 2006 and
2008 (SEARCH Phase 2) who had a baseline research
visit around the time of diagnosis and had diabetes for at
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least five years upon inclusion in the longitudinal cohort.
Some cohort study participants diagnosed from 2002 to
2006 already had multiple visits because they were eli-
gible for 12-, 24- and 60-month follow-up visits during
SEARCH 2. The data collection sites were located in
South Carolina, Ohio, Colorado (including Navajo
Nation), Washington, and California. The study was ap-
proved by and followed procedures in accordance with
the ethical standards of the respective local institutional
review boards. Parents of participants under age 18 pro-
vided written informed consent while participants over
age 8 provided assent; all participants aged 18 years or
older provided written informed consent.

Sample Inclusions and Exclusions

The present analysis included youth and young adults
with T1D. Diabetes type was based on the clinical diag-
nosis made by a physician or other health care profes-
sional within 6 months after diabetes diagnosis and was
abstracted from medical records. To be consistent with
a previous publication from this cohort on HbA  tra-
jectories [6], the inclusion criteria included having three
or more measures of HbA, which, in effect, limited the
sample to those with diagnosis dates between 2002 and
2005 (as 2006 and 2008 incidence cases could not have
accrued more than two measures of HbA, by the end
of the SEARCH Cohort Study). Thus, starting from the
1,931youth diagnosed with T1D between 2002 and 2005
and excluding 618 who had fewer than three measures of
HbA,  during the ~9 years of follow-up through 2015 left
1,313 participants with data for this analysis.

Data Collection and Classification of Variables

At each study visit, participants completed question-
naires, had a variety of physical examinations, and
had a fasting blood sample drawn by trained research
staff. Whole blood samples were analyzed for HbA
by the Northwest Lipid Metabolism and Diabetes
Research Laboratories in Seattle, WA, using an auto-
mated nonporous ion-exchange high-performance liquid
chromatography system (model G-7; Tosoh Bioscience,
Montgomeryville, Pennsylvania) [3, 4, 30, 31].
Questionnaires included demographic questions on
sex, race, and ethnicity modeled after the US Census [32,
33] and responses were re-categorized as non-Hispanic
white (n = 1011) and non-white (n = 302). The non-white
category included participants that self-identified as non-
Hispanic African American (n = 128), Hispanic of any
race (n = 140), and 34 participants of Asian-American,
Native American, Asian Pacific Islander or Other race/
ethnicity and those with unknown race and ethnicity.
Collapsing race and ethnicity into a single binary variable
was necessary to have sufficient sample sizes in subgroups

to perform subsequent analyses. We conceptualize racial/
ethnic groups as socially constructed categories.

At the time of the baseline visit, the parent/guardian
reported their highest educational degree or level of
schooling completed, as well as that of their child’s other
parent/guardian, selecting from 16 different response
categories, which were subsequently collapsed into a di-
chotomous variable as highest-educated parent having at
least a college degree versus having less than a college
degree [34, 35]. To assess household income, participants
were presented with nine income ranges from “less than
$5,000” to “$100,000 or greater.” Household income
was categorized as <$25,000, $25,000-49,999, $50,000—
$74,999, 2§$75,000. Current health insurance type was
queried by asking about the kind of health insurance or
health care plan, offering eight response choices which
were subsequently grouped into private health insurance
(i.e., insurance through employer, purchased independ-
ently, or from military) versus public (e.g., Medicaid,
Medicare, state, tribal or other government-sponsored
health plan, or Indian Health Service) [36]. Eight indi-
viduals indicating no health insurance or other types of
insurance were excluded. If both private and public in-
surance were selected, participants were allocated to the
private category [37]. Household structure and compos-
ition were queried and classified as single-parent versus
two-parent or other structure, and as having more than 4
persons in the household versus 4 or fewer based on the
variable’s distribution. Parental education, household
income, health insurance type, household structure and
composition were used to represent SEP in the analyses
and were ascertained at the time of the baseline visit.

Information on age at diagnosis was computed based
on the date of diagnosis and date of birth. Diabetes dur-
ation was calculated as the difference in months between
date of each visit and date of diagnosis and used for the
trajectory analyses. The duration of diabetes at the time
of the baseline visit was used for the regression analyses.

Additional clinical variables from the baseline visit
included self-reported information on insulin regimen
(which was based on mode of insulin delivery and was
classified as using a pump, using long-acting insulin in
conjunction with rapid-acting insulin injections >3 times
per day, and using long-acting with any other form of
multiple daily injections) and self-monitoring of blood
glucose (SMBG) which was reported by the participant
and categorized as >4 times per day (in accordance with
current guidelines) versus <4 times per day.

Statistical Methods

Outcome specification. groups based on HbA,
trajectories

In a first analytical step, we specified the outcome of
interest, groups of HbA  trajectories, which was needed
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to address the main research question. In this step, group-
based trajectory modeling was used to identify groups of
individuals in the T1D sample with similar underlying
patterns in HbA  values over time [38]. Models used a
normal distribution for HbA  values, and duration of
diabetes in months was used as the time scale. The op-
timal number of trajectories was determined based on
goodness-of-fit statistics, interpretability and class size
[6]. Trajectory modeling uses all available data for each
participant and is robust to data that are missing at
random. Details about trajectory analysis have been de-
scribed elsewhere [39, 40]. Models were fit using PROC
TRAIJ of SAS statistical software (v9.4, SAS Institute,
Cary, NC). After determining the number of trajec-
tories, we assigned each participant to her or his most
likely trajectory group given their observed HbA pat-
tern. We then examined patterns of SEP, race/ethnicity,
and clinical characteristics that differentiate these HbA
trajectories.

Classification tree analysis

We employed the conditional inference tree (CTree)
method to identify patterns among the independent par-
ticipant characteristics that classify youth and young adults
with T1D into HbA _trajectory groups. CTree is a method
within the domain of decision trees which are a family of
non-parametric statistical models whose goal is to iden-
tify subgroups of individuals defined by combinations of
variables (e.g., SEP characteristics) that are homogenous
with respect to the outcome of interest (e.g., HbA _trajec-
tory group, see below). A strength of decision trees is their
ability to explore non-linear and complex relationships
between predictors [41], making them ideally suited to the
exploration of the intersecting impact of more than two
variables. In contrast, the inclusion of many interaction
terms in regression models leads to complex, difficult
to fit and interpret models. Excellent illustrations of the
classification tree methodology have been published [26,
42]. In brief, decision trees build a tree through recursive
partitioning, so that the sample is split successively into
homogenous subgroups. When the outcome is categorical,
these trees are referred to as classification trees in contrast
to regression trees for continuous outcomes. In this analysis,
we use the CTree method to build the tree. This method
uses a statistical hypothesis testing framework in building
the decision tree in contrast to the original method for clas-
sification and regression trees. At each node, the CTree al-
gorithm tests all predictors and selects the predictor and
binary split that gives the best discrimination between the
HbA _ trajectory groups. This discrimination is measured
by the p-value corresponding to a test for the partial null
hypothesis of independence between a single predictor and
the outcome, i.e., the HbA _ trajectory group. Within each
subgroup, the process repeats until no significant differen-
tiation in the outcome groups is possible.

Random sampling without replacement was used
to split the sample into a training (70%) and a testing
sample (30%). The training dataset was used to gen-
erate the predictor models and the resulting tree. The test
dataset was used to generate model performance, using
the area under the receiver operating characteristic curve
(AUC) to assess the accuracy of each tree in predicting
the HbA _ trajectory group. We generated three unique
trees by conducting three model runs: (a) demographic
input variables only (age at diagnosis, sex, race/ethnicity),
(b) demographic and SEP variables (parental education,
household income, health insurance type, household
structure and composition), and (c) demographic, SEP,
and select clinical variables (insulin regimen, frequency of
SMBG). This sequence was selected because from model
1 we hoped to get information on the key demographic
predictors of the HbA  trajectories that can be directly
compared to the analysis of Kahkoska et al., [6] model 2
provided the answer to our research question as to which
patterns of SEP characteristics exist that predict HbA
trajectories, and model 3 allowed consideration of select
clinical characteristics which are of interest to clinical
care. Including both insulin regimen and frequency of
SMBG resulted in severe collinearity and a slight AUC
reduction and could thus only be assessed independently.
Therefore, the more predictive clinical characteristic was
retained in model 3, frequency of SMBG. CTree was im-
plemented using the ctree package in R version 3.5.1. [43].

Results
Participant Characteristics

The final analysis included 1,313 youth and young adults
with a provider diagnosis of T1D before the age of
20 years. About three quarters (77%) were non-Hispanic
white, 49% were female, and the average age was 9.7 years
(SD = 4.3, min = 1, max = 20) at the initial SEARCH re-
search visit with a mean diabetes duration of 9.2 months
(SD = 6.3) at baseline (Table 1). More than half (53%)
were diagnosed before age 10. In terms of SEP character-
istics, 24% of the youth and young adults lived in single-
parent households and 62% had more than four persons in
the household, 81% had private health insurance, 49% of
the parents had a college degree or more education, 41%
had a household income above $75,000. In terms of clin-
ical characteristics, 87% conducted SMBG four or more
times per day. The distribution of medication regimens in-
cluded 8% using an insulin pump, 32% using long-acting
insulin in combination with rapid-acting insulin injec-
tions 3 or more times a day and 60% utilized other com-
binations of insulin that did not include a long-acting
insulin. Participants in our analytic sample were followed
on average 8.3 years (SD = 2.0, range = 2-13 years) from



ann. behav. med. (2022) 56:461-471

465

time of diagnosis and had 3 or more hemoglobin HbA
measures over that time span (37.4% had 3 measures,

37.8% 4 measures and 24.8% 5 measures).

HbA _trajectories

In our previous work with this same sample [6], three
HbA _trajectories were identified and were named based
on the shape of the trajectory over the follow up visits,

characterized by: (1) low baseline HbA  and mild in-
creases (50.7%), (2) moderate baseline HbA | and mod-

erate increases (41.7%), and (3) moderate baseline HbA
and major increases (7.5%). For the present analysis,
however, we chose a more parsimonious two-group tra-
jectory solution which was qualitatively similar to the

three-group solution and aided in interpreting classifi-
cation tree findings. The two-group solutation also miti-
gated concerns about the small size of the third group,

Table 1. Baseline SEP and clinical characteristics of youth and young adults with T1D participating in the SEARCH Cohort Study ac-

cording to HbA _ trajectory group, N = 1,313

Total Sample Trajectory 1: Lower baseline Trajectory 2: P-value
N=1,313 HbA,_ with minor increases Higher baseline HbA
N = 1,008 with major increases
N =305
Race and/or Ethnicity (N = 1313)
Non-white® 302 (23.0) 181 (18.0) 121 (39.7) <0.0001
Non-Hispanic white 1,011(77.0) 827 (82.0) 184 (60.3)
Sex (N=1313)
Female 647 (49.3) 487 (48.3) 160 (52.5) 0.2045
Male 666 (50.7) 521 (51.7) 145 (47.5)
Age at Diagnosis < 10 years 700 (53.3) 574 (56.9) 126 (41.3) <0.0001
Diabetes Duration, months 9.2(6.3) 9.0 (6.3) 9.9 (6.3) <0.0001
(N =1313)
Single Parent Household (N = 1,272)
Yes 311 (24.4) 201 (20.4) 110 (38.6) <0.0001
No 961 (75.6) 786 (79.6) 175 (61.4)
Number of People in 804 (61.6) 616 (61.4) 188 (62.1) 0.8433
the Household > 4
(N =1,306)
Health Insurance (N = 1303)
Private 1,052 (80.7) 852 (85.1) 200 (66.2) <0.0001
Public 251 (19.3) 149 (14.9) 102 (40.6)
Parent Education (highest) (N = 1,305)
College degree 636 (48.7) 544 (54.3) 92 (30.4) <0.0001
Less than college degree 669 (51.3) 458 (45.7) 211 (69.6)
Household Income (N = 1227)
< $25,000 168 (13.7) 104 (11.0) 64 (23.1) <0.0001
$25,000-49,000 272 (22.2) 188 (19.8) 84 (30.3)
$50,000-74,000 282 (23.0) 223 (23.5) 59 (21.3)
$75,000 or more 505 (41.2) 435 (45.8) 70 (25.3)
Insulin Regimen (N = 1303)
Pump 106 (8.1) 92(9.2) 14 (4.7) 0.0068
Long-acting + rapid- 418 (32.1) 331 (33.0) 87 (28.9)
acting 3+/day
All other insulin combos 779 (59.8) 579 (57.8) 200 (66.4)
except long-acting
SMBG (N = 1306)
4 or more times/day 1,134 (87.0) 890 (88.8) 244 (81.1) 0.0004
< 4 times/day 169 (13.0) 112 (11.2) 57 (18.9)

*The non-white group includes 128 persons identifying as Black, 140 identifying as Hispanic and 35 persons identifying as Asian-

American, Native American, Asian Pacific Islander, Other, or multiple race/ethnic groups.
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which would be reduced further when splitting the
sample into a training and testing dataset and would
have limited power for identifying subgroups at risk for
membership in this trajectory group.

Trajectory 1 (77%) had a lower baseline HbA | with
minor increases over time (from mean 7.4% to 8.4% on
average), and Trajectory 2 (23%) had a higher baseline
HbA | with major increases over time (from 8.5% to
11.2%, on average) (Fig. 1). Compared with Trajectory
1, participants with Trajectory 2 were significantly more
likely to be of non-white race/ethnicity, to be diagnosed
at an older age (age 210 years), have a parent with less
than a college education, lack private health insurance at
baseline, have a lower household income at baseline, use
insulin combinations other than long acting and pump,
and check their glucose less frequently (Table 1).

SEP Patterns Determined by Classification Tree
Analyses

CTree analysis first modeled patterns among demo-
graphic characteristics (earlier age of diagnosis, sex,
and race/ethnicity (model 1). These demographic char-
acteristics distinguished between the two trajectories
with a prediction accuracy of 0.68 (95% CI 0.62, 0.74).
Race/ethnicity was the best predictor of higher risk
Trajectory 2 membership. Model 2 which featured the
addition of SEP variables had an identical prediction ac-
curacy (AUC = 0.68, 95% CI 0.62-0.74). The addition
of the frequency of SMBG (Model 3) did not improve
the predictive accuracy (AUC = 0.67, 95% CI 0.61-
0.74) but led to changes in the interrelationships among
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©
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7.0 4
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0 20 40 60 80 100
Disease Duration (months)

=e=-Group 2 (23%): Higher Baseline HbA1c with Major Increases

=a=Group 1 (77%): Lower Baseline HbA1c with Minor Increases
Fig. 1. Trajectories of glycemic control based on HbA in 1,313
youth and young adults with T1D in the SEARCH for Diabetes
in Youth Cohort Study.

segments of the non-Hispanic white population with a
college-educated parent.

Fig. 2 visualizes the results of model 3 and add-
itionally presents the probability of being in the high/
increasing HbA lc trajectory (Trajectory 2) as predicted
by the specific discriminating combinations of SEP,
demographic, and clinical characteristics among T1D
youth and young adults that were determined by the
CTree analysis. Race/ethnicity was the most important
predictor of risk group: 40.8% of non-white youth and
young adults were in Trajectory 2 compared to 18.2% of
non-Hispanic white youth and young adults. Moreover,
among the non-white youth and young adults, those with
public insurance were a particularly high-risk group,
with 56.9% in Trajectory 2 compared to 32.4% of those
with private health insurance.

Among non-Hispanic white youth and young adults
without college-educated parents, older age at diagnosis
(210 years) was associated with Trajectory 2 membership
(34.0% versus 20.5% with diagnosis <10 years). Among
non-Hispanic white youth and young adults with college-
educated parents, living in a 1-parent household was as-
sociated with Trajectory 2 membership (23.6% versus
8.9% in a 2-parent household). Household income was
not selected as a predictor by the CTree model.

The addition of the frequency of SMBG identified
another high-risk subgroup among the non-Hispanic
white youth and young adults with college-educated
parents living in a 2-parent household, namely those
that checked glucose fewer than 4 times a day had sig-
nificantly greater Trajectory 2 membership (34.6%) com-
pared to those who checked their glucose 4 or more times
a day (with only 6.6% in Trajectory 2). Type of insulin
regimen was not a significant predictor of trajectory.

Of all the individuals in Trajectory 2, 40.2% were char-
acterized by being non-Hispanic white and not having
college-educated parents (compared to only 35% of the
total sample having these characteristics), and 40.2%
were characterized by being non-white (compared to
only 23.1% of the total sample) (Table 2). That is, more
than 80% of individuals in Trajectory 2 were identifiable
based on these two characteristics.

Discussion

The intersectionality framework posits that multiple
identities and social positions inhabited by individ-
uals intersect to impact individual health, but this pro-
cess reflects the systems of privilege and oppression
that operate at the societal macro-level (e.g., racism,
sexism). Even though the intersectional framework has
much to offer population health research, applications
to date are limited [23, 25-28]. Of the wide array of
quantitative methods that could be used [25], we chose
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All, n=914
(23.4%)

NHW,

n=703 (18.2%)

[ Parental education

Race/ethnicity

Nonwhite,
n=211 (40.8%)

‘ No college education,

College education or ]

Health insurance

n=321(26.8%) higher, n=382 (11.0%) Public, Private,
n=72 (56.9%) n=139 (32.4%)
Age at diagnosis Household structure
> 10 years, <10 years, 1 parent, 2 parents,
n=150 (34.0%) n=171 (20.5%) n=55 (23.6%) n=327 (8.9%)
SMBG
> 4 daily, < 4 daily,
n=301 (6.6%) n=26 (34.6%)

Fig. 2. Classification tree model for the probability of being in the high/increasing HbAlc trajectory (Trajectory 2) as predicted by SEP,
demographic and clinical characteristics among T1D youth and young adults. 70% of the sample was used for model fitting (z = 914) and
30% for assessing model robustness (7 = 391, see AUCs presented in results). Characteristics included age at diagnosis, gender, race/eth-
nicity, health insurance, parental college education, household income, household structure, household size, blood glucose checks. Each

node depicts the total sample size and the percent in Trajectory 2.

classification trees to accommodate complex com-
binations of characteristics, thereby identifying key
differing patterns among the predictors by group [26,
41, 42]. Our findings reveal how between-group differ-
ences in characteristics interact to influence glycemic
control trajectories that would otherwise not have been
observed, such that race/ethnicity, which is a socially
defined categorization, intersected differentially with
select SEP characteristics for non-Hispanic whites com-
pared to non-whites [22, 44].

For example, among non-white youth and young
adults, having public health insurance played the most
important role in predicting high-risk Trajectory 2 mem-
bership (i.e., higher baseline HbA | with major increases
over time). In contrast, among non-Hispanic white youth
and young adults, parental education and household
structure were the key SEP characteristics predictive
of HbA trajectory. In addition, age of diagnosis and
frequency of SMBG were informative in this subgroup.
Non-white youth and young adults had the highest risk
of being in Trajectory 2, particularly if they had public
insurance at baseline. Other high-risk subgroups were
non-Hispanic white youth and young adults who were
diagnosed in adolescence and whose parent(s) did not
have a college education and non-Hispanic white youth
and young adults with college-educated parent(s) who
were living in a two-parent household and monitoring
their glucose less than four times daily. Two character-
istics — race/ethnicity and parental education — together
provided a sensitivity of 80% for identifying individuals
in Trajectory 2. Classification into a trajectory is based
on probabilities and is thus not perfect; nevertheless, this
result suggests that few characteristics would be needed
to identify a potentially high-risk trajectory group and

reinforces the importance of addressing fundamental
health inequity as a key strategy to improve clinical out-
comes rather than focusing on self-management strat-
egies in isolation.

We and others have previously shown the predictive
importance of the risk marker non-white race/ethnicity
in relation to HbA _ trajectories in relative risk terms,
with non-whites exhibiting significantly elevated odds
ratios ranging between 2 and 4.5 for membership in
an unfavorable HbA  trajectory [6, 8, 11]. Our study
population was comprised of 77% non-Hispanic white
youth and young adults and 23% non-white youth
and young adults, yet the race/ethnic composition of
Trajectory 2 was 59.8% non-Hispanic white versus
40.2% non-white. Moreover, the non-white sample
had the highest proportion of members belonging to
Trajectory 2 (higher/increasing HbA | ) at 40.8%, higher
than the non-Hispanic white group as a whole or in
any subgroup thereof. Among the non-white youth and
young adults who relied on public insurance, 56.9%
were in Trajectory 2. Thus, the current results highlight
the absolute magnitude of the race/ethnicity-associated
inequities.

Our findings additionally illustrate the importance of
type of health insurance. We have recently shown that
public health insurance is associated not just with a pat-
tern of lower income and education but food insecurity
and food assistance, which suggests that health insurance
is an indicator for SEP [45]. These findings shed a new
light on previous research on associations of health in-
surance with improved HbA _[16, 46] and private health
insurance and likelihood of preventive health care visits
[46, 47]. In the present study, among both non-whites
and non-Hispanic whites, the proportion of individuals
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Table 2. Patterns of SEP, demographic and clinical characteristics resulting from CTree in the SEARCH for Diabetes in Youth cohort
(n = 914): Comparison of contribution of patterns to the total sample and to HbAlc Trajectory 2

Race/ethni- Parental Age at House- SMBG  Health Number Percent Number Percent
city college  diagnosis hold insur-  with of of high/ of high/increasing HbA .
education structure ance row- total sample increasing  trajectory members
status  specific  with row- HbA represented by row-specific
combin-  specific trajectory combination of
ation combination members characteristics
of char- of character- in %
acteristics istics row-specific
N % combination
of character-
istics
N
Non- 703 76.9 128 59.8
Hispanic
White
No col- 321 35.1 86 40.2
lege
No col- =10 years 150 16.4 51 23.8
lege
No col- <10 years 171 18.7 35 16.3
lege
College 382 41.8 42 19.6
College 1 parent 55 6.0 13 6.1
College 2 parents 327 35.8 29 13.5
4+ 301 329 20 9.3
times/
day
<4 26 2.8 9 4.2
times/
day
Non-white 211 23.1 86 40.2
Public 72 7.9 41 19.1
Private 139 15.1 45 21.0

with private health insurance among those in the low-
risk HbA _trajectory was higher than among those in
the high-risk HbA  trajectory. However, the differences
were much more pronounced in non-whites. One poten-
tial explanation is that the higher diabetes-related out-
of-pocket medical expenditures associated with having
public insurance may have a more detrimental impact
in individuals with more limited economic resources.
None of the other predictors, including income, offered
meaningful discriminatory power in determining SEP
patterns in non-whites. This contrasts with findings by
Naqvi et al. [28] who have shown that in adults with type
2 diabetes (T2D), black race and sex interacted with
T2D health indicators. In totality, these findings suggest
that the nuanced and layered disadvantage associated
with non-white race/ethnicity, including but not limited
to structural and interpersonal racism, is so strong that
it overpowers the predictive value of all other demo-
graphic, SEP, and clinical characteristics [48].

In the non-Hispanic white population, complex
patterns between SEP indicators emerged. First and
foremost, parental educational attainment was a key
differentiating characteristic, with youth and young
adults whose parents did not have a college education
constituting another particularly disadvantaged group
that contributed 40.2% of the members of the high-risk
Trajectory 2. In addition, household structure played an
important role among non-Hispanic white youth and
young adults with college-educated parent(s) in that
youth and young adults living in a 2-parent household ex-
hibited the lowest percent membership in the Trajectory
2 at 8.9%. Whereas this group comprised 35.5% of the
total sample, it contributed only 13.6% to the member-
ship of the Trajectory 2, which speaks to the protective
role of this SEP characteristic in the non-Hispanic white
population. Contrary to our expectations, household
income did not contribute significantly to any of the
models, suggesting that broader SEP characteristics are
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more predictive of ongoing glycemic control than house-
hold income alone.

Our findings are also informative in terms of the im-
portance of frequency of SMBG, a characteristic that is
often reinforced in clinical care. Inclusion of this variable
did not improve the ability of the model to discriminate
between HbA  _ trajectory groups, but it did identify an-
other high-risk subgroup — those checking blood glucose
less than four times daily — among those who were seem-
ingly advantaged on all characteristics, non-Hispanic
white youth and young adults with college-educated
parent(s) who were living in a two-parent household.
While small in number, this subgroup had a signifi-
cantly higher proportion of members in Trajectory 2,
with 34.6% compared to 6.6% among those conducting
SMBG more frequently.

In addition to structural or system-level interventions
designed to address these needs, positive psychology
may be explored as a target for future behavioral inter-
ventions. Similarly, future observational research should
also consider including positive psychosocial attributes
such as resilience and optimism, mental health, and
indicators of health-related social needs such as food
insecurity and lack of transportation as potential pre-
dictors, all of which have been linked to glycemic control
[49-52]. This is particularly important for the non-white
sample, among whom more than 59% had HbA _values
that resulted in their placement in the more advanta-
geous trajectory, yet other than health insurance none
of our measures of SEP differentiated this group from
non-whites in the high-risk trajectory. This suggests that
there are important differentiating factors that are yet to
be discovered.

There are several limitations and strengths of this
study. Due to our overall sample size, we combined race/
ethnicity categories into non-Hispanic white individuals
versus all non-white individuals and thus were unable
to explore distinct forms of inequities that align with
specific race/ethnicity categories [53]. We did not have
baseline information on nativity or migration status,
contextual factors, and structural inequality. All our pre-
dictor variables were measured at the baseline research
visit and could have changed over time. Our baseline
measure of health insurance status predated the active
period of the 2010 Affordable Care Act. Over the roughly
9-year follow-up period, having only three to five HbAlc
values for each participant is a further limitation, as is
the fact that excluding those with two or fewer HbAlc
values disproportionately removed those with the lowest
SEP levels. Among the strengths of the study are the
large number of SEP indicators and the large sample
size. In addition, the CTree method allows for the identi-
fication of subgroups with different patterns of risk fac-
tors; these subgroups are data-driven in the sense that
their characteristics are not defined a-priori and may

thus uncover subgroups or patterns that were not known
or pre-specified by the team.

In conclusion, we provide compelling evidence how
the risk marker race/ethnicity interacts with indicators
of SEP (as measured by health insurance status, par-
ental educational attainment, household structure), age
at diagnosis and SMBG to place youth and young adults
with T1D at particularly high risk of poor long-term
glycemic control. By considering multiple characteris-
tics simultaneously, our work contributes to advancing
the understanding of mechanisms underlying health in-
equity in T1D.

Our findings highlight the entanglement of several so-
cial and economic characteristics, including race/ethnic
identity as part of a larger, lived experience for youth and
young adults with T1D. In the long term, the structural
inequities associated with race/ethnicity observed in this
and other studies can only be addressed by eliminating
existing racist policies and developing new policies in
support of social justice and equity. In the shorter term,
we hope that this research serves as a call to action for
the development of programs targeting particularly
high-risk groups, such as non-white youth and young
adults with public health insurance or non-Hispanic
white youth and young adults whose parents do not have
a college education, particularly if these findings can be
replicated in other samples. These findings can also in-
form the development of more tailored intervention ef-
forts, targeting improvement of glycemic control among
the subgroups of youth and young adults with T1D who
are rendered most susceptible to adverse outcomes as a
product of racialized and economic health inequity.
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Medicine online.
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