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ORIGINAL ARTICLE

A Longitudinal View of Disparities in Insulin
Pump Use Among Youth with Type 1 Diabetes:
The SEARCH for Diabetes in Youth Study

Estelle M. Everett, MD, MHS,1–3 Davene Wright, PhD,4 Adrienne Williams, MA,5

Jasmin Divers, PhD,6 Catherine Pihoker, MD,7 Angela D. Liese, PhD, MPH,8

Anna Bellatorre, PhD,9 Anna R. Kahkoska, MD, PhD,10 Ronny Bell, PhD, MS,11

Jason Mendoza, MD, MPH,12,13 Elizabeth Mayer-Davis, PhD,10 and Lauren E. Wisk, PhD2,14

Abstract

Objective: To evaluate changes in insulin pump use over two decades in a national U.S. sample.
Research Design and Methods: We used data from the SEARCH for Diabetes in Youth study to perform a
serial cross-sectional analysis to evaluate changes in insulin pump use in participants <20 years old with type 1
diabetes by race/ethnicity and markers of socioeconomic status across four time periods between 2001 and
2019. Multivariable generalized estimating equations were used to assess insulin pump use. Temporal changes
by subgroup were assessed through interactions.
Results: Insulin pump use increased from 31.7% to 58.8%, but the disparities seen in pump use persisted
and were unchanged across subgroups over time. Odds ratio for insulin pump use in Hispanic (0.57, confidence
interval [95% CI] 0.45–0.73), Black (0.28, 95% CI 0.22–0.37), and Other race (0.49, 95% CI 0.32–0.76)

1Division of Endocrinology, Diabetes, & Metabolism, Department of Medicine, David Geffen School of Medicine, University of
California, Los Angeles, Los Angeles. California, USA.

2Division of General Internal Medicine & Health Services Research, Department of Medicine, David Geffen School of Medicine,
University of California, Los Angeles, Los Angeles. California, USA.

3VA Greater Los Angeles Healthcare System, Los Angeles. California, USA.
4Department of Population Medicine, Harvard Medical School and Harvard Pilgrim Health Care Institute, Boston, Massachusetts, USA.
5DNA Data Solutions, LLC, Petersburg, Florida, USA.
6Division of Health Services Research, Department of Foundations of Medicine, New York University Long Island School of Medicine,

Mineola, New York, USA.
7Department of Pediatrics, University of Washington, Seattle, Washington, USA.
8Department of Epidemiology and Biostatistics, Arnold School of Public Health, University of South Carolina, Columbia, South

Carolina, USA.
9University of Colorado Denver Lifecourse Epidemiology of Adiposity and Diabetes Center, Aurora, Colorado, USA.

10Department of Nutrition, University of North Carolina at Chapel Hill, Chapel Hill, North Carolina, USA.
11Department of Social Sciences and Health Policy, Division of Public Health Sciences, Wake Forest School of Medicine, Winston-

Salem, North Carolina, USA.
12Cancer Prevention Program, Fred Hutchinson Cancer Research Center, Seattle, Washington, USA.
13Department of Pediatrics, University of Washington, Seattle, Washington, USA.
14Department of Health Policy and Management, Fielding School of Public Health, University of California, Los Angeles, Los Angeles.

California, USA.
Material in this article was presented orally at ENDO 2022, Atlanta, GA, June 14, 2022.

DIABETES TECHNOLOGY & THERAPEUTICS
Volume 25, Number 2, 2023
ª Mary Ann Liebert, Inc.
DOI: 10.1089/dia.2022.0340

131



participants were significantly lower than White participants. Those with £high school degree (0.39, 95% CI
0.31–0.47) and some college (0.68, 95% CI 0.58–0.79) had lower use compared to those with ‡bachelor’s
degree. Those with public insurance (0.84, 95% CI 0.70–1.00) had lower use than those with private insurance.
Those with an annual household income <$25K (0.43, 95% CI 0.35–0.53), $25K–$49K (0.52, 95% CI 0.43–
0.63), and $50K–$74K (0.79, 95% CI 0.66–0.94) had lower use compared to those with income ‡$75,000.
Conclusion: Over the past two decades, there was no improvement in the racial, ethnic, and socioeconomic
inequities in insulin pump use, despite an overall increase in use. Studies that evaluate barriers or test inter-
ventions to improve technology access are needed to address these persistent inequities.

Keywords: Type 1 diabetes, Insulin pump, Socioeconomic status, Insurance coverage, Diabetes disparities.

Introduction

The use of insulin pumps in the management of type 1
diabetes (T1D) has been associated with improved gly-

cemic control,1 diabetes-related quality of life,2 treatment
satisfaction,2 and lower diabetes distress.3,4 While the lit-
erature has demonstrated the value of diabetes technology,
numerous cross-sectional studies also show consistent in-
equities in real-world access to these technologies.5–14 In
2009, the SEARCH for Diabetes in Youth study noted dis-
parities in insulin pump use by race/ethnicity, reporting the
use in those of Hispanic ethnicity to be half of those who
identified as Non-Hispanic and White (NHW). In those who
were Non-Hispanic and Black (NHB) or Asian, pump use
was one-fifth of those who were NHW.

Furthermore, most insulin pump users were from families
with annual household income >$50,000, who had parental
education at the college level and beyond, and who had pri-
vate health insurance.11 Many subsequent cross-sectional
studies have confirmed these socioeconomic disparities in
pump use.5–7,9 The literature also now demonstrates that racial
and ethnic disparities persist independent of socioeconomic
status and glycemic control.6,7,15

Over the past 20 years, as the prevalence of insulin pump
use continues to rise16–18 in the setting of advances in tech-
nology, a wider range of available devices, and improve-
ments in insurance coverage,19 it is important to evaluate
whether these improvements in overall access to insulin
pump technology have mitigated versus contributed to dis-
parities in insulin pump use seen in racial-ethnic minorities
and those of lower socioeconomic status. Still, there are little
data in the United States evaluating this. To this end, the T1D
Exchange is the only U.S. study that has described changes in
insulin pump use over time, but the analysis spanned *8
years and did not report changes in racial-ethnic groups.20

This T1D Exchange study also used a composite measure of
socioeconomic status, which does not allow for assessment
of changes by specific individual-level socioeconomic fac-
tors such as education, income, and medical insurance status
and type.

In this study, we used data from the population-based
SEARCH for Diabetes in Youth study to evaluate temporal
trends across almost 20 years of insulin pump technology use
in youth with T1D in the United States, specifically evalu-
ating changes in inequities between racial-ethnic groups and
those who are socioeconomically disadvantaged by income,
education, and medical insurance.

Research Design and Methods

SEARCH for diabetes in youth

The SEARCH for Diabetes in Youth Study was a multi-
center, observational, population-based longitudinal cohort
study of youth with diabetes. A detailed description of the
SEARCH study methods has previously been published
elsewhere.21,22 SEARCH study sites included Ohio, Col-
orado, Hawaii, South Carolina, and Washington, one site in
Southern California, and Indian Health Service participants
from Navajo Nation. Local IRBs at each of the clinical sites
and at the SEARCH for Diabetes Coordinating Center pro-
vided Human Subjects approval for study implementation.

SEARCH included registry and cohort components. The
registry study identified incident and prevalent cases of dia-
betes in children and young adults <20 years of age through the
surveillance of a nationally representative sample of *6% of
the U.S. population in this age range. Diabetes type was con-
firmed upon entry of the study by abstracting data from medical
records or through provider referrals. The cohort component
was developed to longitudinally assess diabetes complications,
quality of and barriers to care, among other outcomes.22

The SEARCH 3 cohort study occurred during 2011–2015
and was developed by recruiting incident cases with at least
5 years of diabetes duration and prior participation in a
SEARCH in-person visit. The SEARCH 4 cohort study oc-
curred during 2016–2019 and followed a subset of the
SEARCH 3 cohort (all with type 2 diabetes, all T1D who are
racial-ethnic minorities, and a random sample of patients who
were NHW with T1D) for an in-person visit and also inci-
dent cases from 2012, which had a registry baseline visit in
SEARCH 3. The remainder of the SEARCH 3 cohort was
invited to complete a survey only.

Data

We completed a serial cross-sectional analysis of all
SEARCH participants with T1D who had data on insulin
pump use in at least one of the following periods: Period 1
(2001–2005), Period 2 (2006–2010), Period 3 (2011–2015),
and Period 4 (2016–2019). We included data acquired from
both registry and cohort visits.

Data on sociodemographic and health measures were
collected through the last participant surveys administered
during each time period. For children <18 years, some
components of the self-report surveys were completed by
parents. The primary outcome of interest was insulin pump
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use. Patients were asked, ‘‘How do you take your insulin?’’
Those who responded to the multiple-choice answer with
‘‘pump only’’ or ‘‘pump and injections’’ were identified as
pump users. This question was an addition to the initial
SEARCH questionnaire in period 1 and so pump use may
have not been ascertained in some of the enrollees during this
period. Other measures included clinic site, age at diagnosis,
body mass index, HbA1c, gender, age at visit, duration of
diabetes, race and ethnicity, parental educational attainment,
annual household income, and type of health insurance.

Race and ethnicity were summarized as Hispanic, Non-
Hispanic and Black (NHB), Non-Hispanic and White (NHW),
and Other races and Non-Hispanic (Other NH), which in-
cluded Asian, Pacific Islander, American Indian, and other
races and Non-Hispanic. For health insurance type, Medicaid,
Medicare, and State or Federally funded health insurance
programs were considered Public Insurance. Those who noted
to have private-through work or purchased individually were
considered to have Private insurance; all other insurance types
(e.g., military, school based, tribe/Indian Health Services,
unknown type) were categorized as Other Insurance.

Statistical analysis

Participant demographic and health characteristics were
summarized using descriptive statistics. The frequency of
pump use in each period was compared across levels of so-
ciodemographic characteristics and health outcomes using
chi-square tests for categorical variables and t-tests (or Mann–
Whitney test, as appropriate) for continuous variables.

Multiple imputation of missing data was performed for
household income, health insurance status, and education
level, assuming a missing at random process using the fully
conditional specification.23,24 Twenty imputed datasets were
generated. Multivariable generalized estimating equations
with a binomial distribution and a log link function were used
to assess temporal trends in the probability of insulin pump
use, accounting for repeated measures within individuals in
each imputed dataset. Results were then combined to provide
single parameter estimates for each predictor accounting for
the missing data imputation.25,26 All models adjusted for age,
gender, clinic, duration of diabetes, and separate models were
run, which included interactions between periods and each of
the four primary predictors: participant race/ethnicity, in-
surance type, income, and education. Model-based predicted
marginal probability of pump use over time was calculated
for each primary predictor.

SAS version 9.4 (SAS Institute, Cary, NC) was used for all
analyses. An a priori alpha £0.05 was used to assess statis-
tically significant differences between groups.

Results

Our study population included a total of 690 youth and
young adults with T1D in 2001–2005, 1706 in 2006–2010,
2385 in 2011–2015, and 2257 in 2016–2019. The demo-
graphic characteristics of this population are described in
Table 1. There was an increase in insulin pump users across
all subgroups such that the prevalence of insulin pump users
during this time increased from 31.7% in 2001–2005, to 48%
in 2006–2010, 54.2% in 2011–2015, and 58.8% in 2016–
2019. The odds ratio (OR) for pump use in 2016–2019 was
6.6-fold higher than pump use in 2001–2005 (P < 0.001).

Race/ethnicity

NHW participants had the highest prevalence of pump use.
In 2016–2019, 67% of NHW, 41% of Hispanic, 29% of NHB,
and 46% of Other NH participants were pump users. Across
all years, compared to NHW, the OR for Hispanic (OR 0.57
confidence interval [95% CI] 0.45–0.73), NHB participants
(OR 0.28 95% CI 0.22–0.37), and those of Other NH
(OR 0.49 [0.32–0.76]) had the lower prevalences of pump use
at all time points (Table 2). When compared to NHW par-
ticipants, there was no significant change over time in pump
use in any of the racial and ethnic groups (P = 0.18, P = 0.46,
P = 0.26) (Fig. 1).

Education

Participants whose parents had lower educational attain-
ment had a lower prevalence of insulin pump use, such that
those whose parents did not graduate high school had the
lowest pump use at all time periods. In 2016–2019, insulin
pump use was reported in 70% of those with bachelor’s de-
gree or more, 56% with some college, 40% with high school
degree and 18% of those without High school education.
Across all years, compared to those whose parents had a
bachelor’s degree or more, participants whose parents had a
high school degree or less and college/associate degree had
an OR of 0.40 (95% CI 0.31–0.47) and 0.68 (95% CI 0.58–
0.79), respectively. When compared to participants with
parents with a bachelor’s degree or higher, there was no
significant change in the OR of pump use by educational
group over time (P = 0.34 and P = 0.51).

Income

Lower income groups had lower pump use at all time pe-
riods. In 2016–2019, insulin pump use occurred in 74% of
those with a household income greater than $75,000, 66%
with $50,000–$74,999, 51% with $25,000–$49,999 and 41%
with less than $25,000. Across all years, the OR for pump
use in those with an annual household income <$25,000,
$25,000–$49,999, and $50,000–$74,999 was OR 0.43 (95%
CI 0.35–0.53), OR 0.52 (95% CI 0.43–0.63), and OR 0.79
(95% CI 0.66–0.94), respectively, compared to those with
an annual household income ‡$75,000. The difference in
odds for insulin pump use for those of lower income groups
compared to those with income ‡$75,000 was no different in
2001–2005 when compared to 2016–2019 (P = 0.63, 0.37,
and 0.46, respectively).

Health insurance

Those with public health insurance had a lower prevalence
of insulin pump use at all time points compared to private
health insurance across time. In 2016–2019, insulin pump use
occurred in 64% of those with private and 50% with public
insurance. Across all years, participants with public health
insurance had an OR of 0.84 (95% CI 0.70–1.00) for insulin
pump use compared to those with private health insurance,
although this association was not significant. The difference
in odds for insulin pump use for those with public health
insurance compared to private insurance was no different in
2001–2005 than it was in 2016–2019 (P = 0.35).
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Discussion

In this study spanning nearly two decades, we found that,
while insulin pump use for T1D management has increased
within all racial-ethnic and socioeconomic groups, there has
been no significant change in the disparities that exist between
the historically most advantaged and disadvantaged groups.
Our study is consistent with the T1D Exchange study, which
found no change in disparity of insulin pump use by a com-
posite socioeconomic status measure between 2010–2012 and
2016–2018.20 Our study was the first to evaluate the change
over time in racial and ethnic disparities and report the change
within specific socioeconomic groups in a national U.S. cohort.

Since the first reports of these disparities in the early 2000s,
studies have attempted to explore potential causes. This

study demonstrated lower insulin pump use in racial-ethnic
minoritized groups, with the lowest in those who were Black
Non-Hispanic, even after adjusting for socioeconomic status,
consistent with the literature.5–11,27

Recent studies suggest that a potential driver of these
disparities may be related to challenges surrounding provider
bias and poor physician-patient communication. Interviews
with young adults with T1D who were Hispanic and NHB
have revealed that many participants were never offered di-
abetes technology, despite having diabetes for many years.28

They also reported a lack of shared decision-making re-
garding technology initiation. We know from other studies
that providers often rely on their personal opinions to guide
who they will recommend diabetes technology to. Fredette
et al reported that 70% of providers reported using personal
guidelines to select patients for insulin pump use rather than
written insulin pump guidelines29

Lawton et al surveyed providers’ notions of insulin pump
candidacy before a randomized clinical trial of hybrid closed-
loop (HCL) insulin pump.30 They found that providers held
strong assumptions about the types of patients who would use
technology effectively (e.g., well-educated patients, techno-
logically savvy, from close-knit families). Interestingly, after
the trial, upon interview, most providers realized that their
notions of good candidacy for diabetes technology did not
predict success with the HCL pump during the trial. Providers
then concluded that patient attributes cannot be used as a pre-
selection criterion and that ideally all individuals should be
given an opportunity to try new technology.30

In addition to provider barriers, financial barriers play an
important role in socioeconomic disparities as health insur-
ance coverage and out-of-pocket cost associated with insu-
lin pump use remain variable and significant barriers to
many.31–33 Messer et al found that financial barriers were the
most frequently cited barrier to device use among partici-
pants. Insurance coverage issues were reported in 41.6% of
participants, and cost of supplies and cost of the device were
reported in 45.7% and 47.0% of participants, respectively.31

There are limited studies that have evaluated interventions
to address the disparities in insulin pump use. A culturally
sensitive study of shared medical appointments for Latino
youth with T1D resulted in a significant increase in diabetes
technology use over the 2-year study period, and a decrease
in HBA1c among younger children.34 Several additional
potential approaches to addressing these disparities have
been suggested in the literature, yet data for their efficacy are
lacking.

Approaches or strategies include interventions to improve
providers’ awareness of unconscious biases, developing a
standardized pathway to diabetes technology use to minimize
opportunity for provider bias.27,30 It has been recommended
that providers improve availability of diabetes technology
materials in lower literacy levels, and consider the use of
decision aids to educate patients and facilitate shared deci-
sion making between the patient and providers,35,36 in addi-
tion to culturally sensitive approaches to communication.
Decision support tools should specifically include exercises
to help patients clarify values and estimate the costs of ob-
taining and using various types of diabetes technology.37

Studies are needed that evaluate the effectiveness of these
and other potential approaches to diminish the persisting
disparities noted across the past two decades.

Table 2. Adjusted Odds for Insulin

Pump Use Across All Years

OR
95%
CI P

Age at visit in years 0.92 0.91 0.94 <0.0001
Diabetes duration in

years
1.08 1.05 1.11 <0.0001

Sex
Male 1.00 Reference
Female 1.21 1.06 1.39 0.006

Clinic site
SC 1.39 1.11 1.75 0.004
OH 1.69 1.35 2.11 <0.0001
CO 1.23 1.01 1.49 0.038
CA 0.54 0.40 0.73 <0.0001
WA 1.00 Reference

Race and ethnicity
NHB 0.28 0.22 0.37 <0.0001
Hispanic 0.57 0.45 0.73 <0.0001
Other NH 0.49 0.32 0.76 0.001
NHW 1.00 Reference

Parental education
Did not graduate/high

school graduate
0.39 0.31 0.47 <0.0001

Some college/
associate’s degree

0.68 0.58 0.79 <0.0001

Bachelor’s degree
or more

1.00 Reference

Insurance
Public 0.84 0.70 1.00 0.050
Private 1.00 Reference
Other/none 0.58 0.45 0.74 <0.0001

Income
<$25K 0.43 0.35 0.53 <0.0001
$25K–$49K 0.52 0.43 0.63 <0.0001
$50K–$74K 0.79 0.66 0.94 0.008
$75K+ 1.00 Reference
Unknown/refuse 0.52 0.44 0.62 <0.0001

Time/SEARCH phase
2001–2005 1.00 Reference
2006–2010 2.75 2.23 3.39 <0.0001
2011–2015 4.70 3.62 6.10 <0.0001
2016–2019 6.62 4.73 9.26 <0.0001

CA, California; CI, confidence interval; CO, Colorado; NHB, Non-
Hispanic and Black; NHW, Non-Hispanic and White; OH, Ohio; OR;
odds ratio; Other NH, Other race and Non-Hispanic; SC, South
Carolina; WA, Washington.
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A limitation of this study is that much of the SEARCH data
are self-reported through questionnaires and so there is a
potential for recall bias, although this may be less likely for
key variables such as insulin pump use. Also, we were un-
able to capture any change in insulin pump use that occurred
between visits. Although the surveillance population of
SEARCH for incident diabetes was similar to the U.S. Census

with regard to race and ethnicity, income, and education,
recruitment of participants was based out of five centers in the
United States, and so by nature, the participants of this study
will not be representative of all youth with diabetes in the
United States.

Second, although SEARCH was strategic in recruiting
individuals from underrepresented social, racial, and ethnic

FIG. 1. Adjusted predicted marginal probabilities and odds ratio for pump use over time by our subgroups of interest.
(a) Race/ethnicity, (b) Parental Education, (c) Household Income and (d) Health Insurance. Figures show adjusted marginal
prevalence (column graph) and adjusted odds ratio (table) for insulin pump use by patient characteristics and year. *p-Value for
statistically significant differences in prevalence for pump use between period 1 (2001–2005) and period 4 (2016–2019) is noted
in the table.
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identities into the cohort study, there were small counts of
participants in some groups, especially in earlier years of
this study, which may limit generalizability, and as in
most studies, there is still likely a selection bias favoring
more affluent participants regarding enrollment and re-
tention.38 Consequently, it is possible that the disparities
described in this study actually underestimate the magnitude
of inequities that exist in the larger population of youth with
diabetes.

Although we accounted for potential cofounding due to
the correlation between sociodemographic factors, we were
unable to evaluate how various combination of factors con-
tribute to the likelihood of pump use. Nonetheless, the
SEARCH study is the largest and most diverse diabetes study in
youth in the United States, and thus a reasonable data source
with which to evaluate this research question. These findings
may be explored further in other data sources, including clin-
ical registries, clinical databases, and administrative datasets.

FIG. 1. Continued.
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Conclusion

Over the past two decades, there have been few improve-
ments in the racial and ethnic, as well as socioeconomic
disparities in utilization of insulin pumps for T1D manage-
ment in youth and young adults, despite evidence to support
their benefits. As recent studies seek to uncover potential
drivers of these disparities, additional studies are now needed
to test interventions to improve technology access and pro-
mote effective use over time.
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