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Abstract

Globally, nearly 9 million people are living with type 1 diabetes (T1D). Although the incidence of T1D is not affected by socioeconomic status, the
development of complications and limited access to modern therapy is overrepresented in vulnerable populations. Diabetes technology,
specifically continuous glucose monitoring and automated insulin delivery systems, are considered the gold standard for management of
T1D, yet access to these technologies varies widely across countries and regions, and varies widely even within high-income countries. This
review focuses on disparities in diabetes technology use among adolescents and young adults with T1D, barriers to access and use, and
summarizes common themes emerging across countries and regions. We conducted a survey among medical technology manufacturers and
physicians in various countries across diverse geographical regions and performed extensive literature searches. Across all countries and
regions, economic barriers stand out as the largest and most common barriers, either preventing market penetrance of technology into a
country or limiting its access to the individual with diabetes due to high out of pocket costs. Other common barriers include structural or
accessibility barriers, such as stringent eligibility requirements by insurance providers, regardless of whether the insurance was private or
government-based, and provider/individual level barriers. Based on the evidence presented, we suggest the need for a joint effort involving
governments, private health insurers, technology manufacturers, and healthcare providers to address the global disparities of diabetic
technology utilization and ensure equitable access for all individuals living with T1D worldwide.

Key Words: type 1 diabetes, disparities, diabetes technology, continuous glucose monitor, continuous subcutaneous insulin infusion, automated insulin
delivery system

Abbreviations: AID, automated insulin delivery; CGM, continuous glucose monitor; CSIl, continuous subcutaneous insulin infusion; DPV,
Diabetes-Patienten-Verlaufsdokumentation; isCGM, intermittently scanned continuous glucose monitor; NHB, non-Hispanic Black; NHIS, National Health
Insurance Service; NHW, non-Hispanic White; SAP, sensor augmented pump; SES, socioeconomic status; SMBG, self-blood glucose monitoring; T1D, type
1 diabetes; TIDEX-QI, Type 1 Diabetes Exchange Quality Improvement Collaborative; YLL, years of life lost.

Worldwide, nearly 9 million people are living with type 1 dia-  and prevalence rates are highest in Kuwait, Saudi Arabia, and
betes (T1D), an autoimmune disease that requires lifelong treat- Finland [1]. Although the burden of T1D is spread across
ment with exogenous insulin. India, Brazil, and China account high-, middle-, and low-income countries, the ability to treat,
for the largest number of people with T1D, while incidence ~ manage, and survive with the disease shows vast disparities,
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both between and within countries, resulting in wide global vari-
ation of survival rates and years of disability free quality of life. A
cornerstone to slowing down the progression of complications of
diabetes and their resulting disabilities and early mortality is op-
timizing glycemic management.

Over the past several decades, tremendous advances in dia-
betes therapies and technologies such as insulin and insulin ana-
logs [2, 3], continuous glucose monitors (CGM) [4], point of care
testing of blood glucose, and HbA1c, in-home blood glucose
monitors, continuous subcutaneous insulin infusion (CSII), or
insulin pumps [3, 6], sensor augmented pump (SAP), and auto-
mated insulin delivery (AID) systems [7-9] have led to improve-
ments in glycemic control and have reduced the incidence of
severe hypoglycemia, diabetic ketoacidosis (DKA), and longer
term diabetes-related complications. Diabetes technology, spe-
cifically CGM and AID, are considered gold standard for man-
agement of T1D, yet access to these technologies varies greatly
both between countries and within some high-income countries.

This review describes disparities in diabetes technology use
among adolescents and young adults with T1D across and within
countries and regions, barriers to access and use, and summarizes
common themes identified across countries and regions. We add-
itionally aim to present the impact of disparities in technology use
by describing the incidence and or prevalence of T1D in selected
countries, the market penetrance of diabetes technology in that
country, and where data are available, variability in that pene-
trance, and the years of life lost (YLL) due to T1D in that country.
This report represents a joint effort between diabetes epidemiol-
ogists, physician scientists in the fields of endocrinology and
psychiatry, laboratory-based clinicians, and diabetes medical
products manufacturers.

Methods

A survey was conducted of medical technology manufacturers
and physicians in various countries in conjunction with a litera-
ture search to determine advanced technology use including

Technology Use Survey
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disparities in and barriers to optimal uptake (Fig. 1). The purpose
of the surveys was to facilitate the gathering of data on technol-
ogy use, disparities in use, and barriers to use. Although for some
high-income countries, particularly high-income Western coun-
tries, the scientific research on technology use, disparities in tech-
nology use, and barriers to technology use in T1D are fairly well
developed, for many countries (and where the majority of per-
sons with T1D live), this published literature does not exist.
Thus, the surveys were a combination of original research as
well as an aid to help the literature search. The authors represent-
ing the various countries were asked to gather for their country
the information requested in the survey. Where these data were
not formally published, as is the case for many countries around
the world, the authors asked T1D stakeholders (treating physi-
cians, T1D patient groups, etc.) or searched national databases
on Ministries of Health. Eighteen surveys were completed,
with some surveys covering multiple countries (specifically, 1
survey covered only Switzerland and another survey covered
the remaining European countries presented in this review).
The specific countries included in the survey were Canada, the
United States, Mexico, Brazil, Japan, Korea, Taiwan, India,
Malaysia, Australia, New Zealand, Kenya, Rwanda, South
Africa, Germany, Austria, Luxembourg and Switzerland,
Denmark, Sweden, and Norway. This was a convenience sample
of selected countries on each continent, with the countries se-
lected based on the existence of published data in the literature,
and the countries in which the coauthors resided or had access
to information.

Databases searched and sources of data included PubMed,
Japan’s Medical Literature Search Service-Medical Online
(medicalonline.jp), country-specific Ministries of Health (India,
Korea, Malaysia), country-specific department of public health
databases, the India Medical Association; stakeholder groups
such as endocrinologists, diabetes patient groups, diabetes asso-
ciations including the Japan Society of Pediatric Insulin, the Yilan
County Love Pancreas Association in Taiwan, the Children
Diabetes Community in Korea, and market research by diabetes

a. Of persons with diabetes in the [ country name ], what percentage have type 1

diabetes?

b. Approximately what percentage of adolescents and young adults aged ~13-30 years
use diabetes technology? We are defining diabetes technology as the pump
(continuous subcutaneous insulin infusion), CGG (continuous glucose monitoring)
or closed loop hybrid systems (AID, automated insulin delivery systems). This may
be better described separately for pediatrics and young adults.

c. Does usage of diabetes technology vary by subgroups of these populations? If so,
which subgroups? Is it by categories of income, education, racial-ethnic.or.other.

demographic.groups?

d. What are the barriers to diabetes technology use?

e. Does[country name] have universal healthcare? If so, does it cover diabetes

technology such as the pump?

f. If persons with type 1 diabetes in [ country name] don’t use CGM or an insulin
pump, what percent of people with type 1 diabetes use a glucose meter at home?

Figure 1. The survey used by the coauthors representing the countries in this mini-review in gathering the information presented in this mini-review.
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technology manufacturing companies with a wide sales network,
sales force, and distributors throughout the specific country.
Search terms for literature database searches included type 1 dia-
betes, type 1 diabetes_cohort study, CSII_problems, diabetes
technology, CSII, pump, closed loop hybrid system, automated
insulin delivery system, CGM, continuous glucose, monitoring,
disparities in diabetes technology use, diabetes technology use
in [country], diabetes technology use in Africa, diabetes technol-
ogy use in Latin America, CGM in Latin America, CGM in
[country], barriers to diabetes technology use, barriers to dia-
betes technology use in [country], diabetes management in X
or Y country, continuous glucose monitor in X or Y country, in-
sulin pump use in X or Y country, diabetes outcomes in [coun-
try], diabetes complications in [country], cost of type 1
diabetes in [country], as well as the same questions for Latin
America or Africa as a group.

Key terms

The diabetes technologies focused on in this review are CGMs,
CSIL, AID, and SAP. Although the term youth and young adults
varies in how it is defined both across and within countries, de-
pending on the context, the clinic, research study or health organ-
ization reporting the data, in this manuscript we are generally
referring to individuals younger than age 30 years. YLL is a meas-
ure of premature mortality that takes into account the average
life expectance of the general population and the average age
of death from a specific disease. It is the difference in the average
age of death in a specific country’s general population and the
average age of death from a specific disease in that country, in
this review being T1D. YLL presented in this review was ob-
tained from the Type 1 Diabetes Index [1].

Disparities in Diabetes Technology Use

The prevalence of diabetes (all types) and T1D specifically as
well as the usage of more advanced diabetes technologies in per-
sons with T1D are presented by geographic region for some se-
lected countries around the world in Table 1. The proportion of
youth and adults with T1D using advanced diabetes technology
varies by region, with a significant number of younger patients
in the United States, Australia, and Japan using CGM and insu-
lin pumps, reflecting better access and health care infrastructure,
but negligible market penetrance in many Asian, Latin
American, and African countries. In many countries, coverage
for these devices is more comprehensive for children than adults.
Table 2 shows barriers to technology use by country, with many
of the barriers similar across countries, and economic barriers
being common to all. Data available on YLL due to T1D by
high-, medium-, and low-income country status and the exist-
ence of universal health care are presented in Fig. 2. Taken as
whole, these data underscore the importance of addressing re-
gional disparities in diabetes technology access. Policy initiatives
and healthcare planning should focus on improving technology
availability and accessibility, especially in lower income coun-
tries, to enhance diabetes management and patient outcomes
globally.

North America

The United States and Canada are 2 high-income countries with
among the highest rates of T1D incidence in the world. Of high-
income countries, they also rank next to the highest for YLL be-
cause of T1D. Despite having very different health care models,

they have a similar 22 to 23 YLL from diabetes [1]. This lack of
an expected difference in YLL given the very different health
care models may be due to differences in utilization of advanced
diabetes technology. Canada has universal health coverage,
whereas the United States does not; however, use of diabetes
technologies such as CGMS, CSII, and AID is higher in the
United States [12, 14].

Canada

There are 5.88 million people in Canada who have diabetes
[10]. It is estimated that 5% to 10% of diagnosed people
with diabetes in Canada have T1D with an estimated popula-
tion prevalence of 250/100 000 [11], and one of the highest in-
cidence rates globally. However, despite having universal
health care, only about one-third of youth with T1D use ad-
vanced diabetes technology; YLL from diabetes is at the upper
end among the high-income countries surveyed for this report.

The use of diabetes technology in Canada is supported in part
by provincial health plans, but sometimes only for children or
young adults. Therefore, coverage of the expense for adults
can require private health insurance or coverage through other
entities, such as Diabetes Canada [48]. The Diabetes Canada
guidelines on blood glucose monitoring in adults and children
with diabetes recommend the use of real-time or intermittently
sampled CGM for people with T1D using multiple daily injec-
tions or insulin pumps [49]. However, in a 2023 study of gly-
cemic management in 306 children and youth with T1D,
CGM was reported in only 24% and CSII use in 34.6% of par-
ticipants [12]. The use of CGM was lowest among the 2 highest
quintiles of socioeconomic deprivation (16.8%) compared to
the least deprived 2 quintiles (31.3%, P =.03). Similarly, CSII
use was lowest in the most deprived 2 quintiles (23.8%) com-
pared to the least deprived 2 quintiles (42.5%).

United States

It is estimated that in the United States, 1.7 million adults and
304 000 children and adolescents have T1D [50]. Globally, the
United States has the second highest incidence of T1D among
children and adolescents younger than age 20 years [28].
Although the United States is a high-income country that does
not have universal health insurance, the percentage of persons
with T1D using diabetes technology is in the mid-range com-
pared to other high-income countries. However, its 22.5 YLL re-
sulting from T1D is in the upper range among other high-income
countries (Fig. 2). Technology access and usage in the United
States varies by insurance coverage and type, socioeconomic sta-
tus (SES), and independently of SES by race/ethnicity [51-54].

The Type 1 Diabetes Exchange Quality Improvement
Collaborative (TIDEX-QI) examined use of CGM among
more than 11 000 patients with T1D seen at a mixture of pedi-
atric and adult diabetes clinics across the United States [14].
Among adolescents and young adults aged 13 to 26 years,
40% used CGM. This was lower than the prevalence of CGM
use in pediatric patients aged 2 to 12 years (52%) and in adults
271055 years (66 %) and aged older than 55 years (56.5%) [14].
Overall, in this cohort, CSII were used by 41 %, and use of both
CGM and CSII were reported for 30% [14].

Diabetes technology use varies by race/ethnicity and by in-
come and socioeconomic status in the United States. In the
T1DEX-QI cohort, CGM use among all patients was highest
in non-Hispanic White (NHW) patients (49.5%), lowest in
non-Hispanic Black (NHB) patients (17.7%), and intermediate
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Table 1. Prevalence of type 1 diabetes and usage of diabetes technology by selected countries and regions?®

Overall prevalence of

Percentage of overall

Percentage of patients with type 1

Percentage of adolescent and young

diabetes (percentage of  population with diabetes that use medical technology adult patients with type 1 diabetes that
overall population with  diabetes that have type (pump/CSII, CGM, or closed-loop  use medical technology (pump/CSII,
diabetes) 1 diabetes hybrid system/automated insulin CGM, or closed-loop hybrid system/
delivery system) automated insulin delivery system)
North America

Canada 5.88 million 5%-10% [11] 35% pump No data
15% of population [10] 24% CGM [12]

United States  38.4 million 5%-10% [13] 66% CGM [14] 40% CGM [14]

Latin America

Mexico

Asia

Korea

Japan

Taiwan
Malaysia
India

Africa

Rwanda

Kenya

South Africa

11.6% of population [13]

14.1 million
14.1% of population

4.4 million
13.9% of population

11.96 million

14.6% of population [19]

2.186 million
11.3% of adults [23]

3.6 million
19% of population [24]

101 million

11.4% of population [25]

400000 [1]
4.5% of population

460 000 [27]-821 500 [28]
4.2% [27] to 5.1% [28] of

population

4.6 million [30]
10.5% [30] to 11.3% of
population [28]

Europe/Australia/New Zealand

Australia

New Zealand

Switzerland

Other Europe

1.3 million
5.3% population [31]

268700
6.2% of population

400 000-500 000 of 8.74

million (~5% of the
population) [28, 34]

61 million

7% of population

6% [15]

1.1%

2.4% [20, 21]

0.24%
0.62% [25]

5%-10%

0.9% [1]

<10% [27]

7% [1, 28]

9.6% [31]

5-10% [33]

0.8%-1% [1]

5%

41% pump [14]

21% CSII [15]
9% CGM

10.7% CGM [16, 17]

39% pump
11% SAP
48.4% CGM [22]

No data
<10% [26]

<10% pump
No data on CGM

Technology not available

3% CGM [29]

1% pump
16% CGM [29];

33.3% pump
80.3% CGM

No data

No data

Germany:

57% pump

49% CGM [35]
Denmark:

39% pump

60% CGM [36]
Norway:

74% pump

52% CGM [37]

Sweden:

70% pump (children) [38] and 30% pump

(adults) [39]
80% CGM [38]

No data

14.0% pump
39.3% CGM [18]

219%-28% SAP [22]

No data
No data

10%-15%

Technology not available

No data

No data

pump 45%

CGM 70% [32]

For children <15 years:
40% pump

67% CGM

2.3% AID

No national data. One center experience:
aged <20 years: 50% pump (SAP or
AID)

95% CGM,;

Technology is generally fully covered for
children

Abbreviations: AID, automated insulin delivery system; CSII, continuous subcutaneous insulin infusion; SAP, sensor augmented pump.

“Where available, data came from published literature. All data not cited are from the survey, which included data gathered from country-specific Ministry of Health,
country-specific diabetes association, national government database, unpublished data from Australia’s National Diabetes Services Scheme (NDSS) data, and diabetes
stakeholders and stakeholder groups.
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Table 2. Barriers to diabetes management technology use among persons with type 1 diabetes?

Country

Barriers

North America
United States

Asia

Korea

Japan

Taiwan

Malaysia

India

Economic barriers

+ Lack of health insurance/out-of-pocket costs [40, 41]
* Public (government-funded for the poor or elderly) health insurance may not cover CGM, but if it does, it often requires the patient to
meet strict requirements, including daily blood glucose checks [41]

Structural/accessibility barriers
 Lack of access to an endocrinologist as many primary care doctors lack the knowledge about diabetes devices and how to manage them
[42]
Provider/psychological bias
* Provider bias/provider perception of the inability of the patient to manage the device [42]
* Type of employment may be a barrier, for example work involving heavy physical labor producing perspiration may be an interference
[42]
* Individuals not wanting to have a diabetes device attached to their bodies [41]
+ Concerns about disruptions by alarms or having a device visible on the body [41]
* Worrying about what others think about the device if worn on the body [41]

Economic barriers

* Price burden determines whether insurance is applied

* Itis also expensive, even though it is partially covered by national insurance
Structural/accessibility barriers

* There is a problem with the raw data not being received by the provider, except for the Hankook iSense machine
Provider/psychological bias

* For CGM, side effects such as skin rashes, dents, and discomfort when detached and reattached every 2 weeks

* Doctors and nurses have to spend a lot of time educating patients on CSII and CGM use, which is challenging in Korea as this is not

financially reimbursed by insurance providers and patients do not want to pay for it
* About 50% of teenagers hate using technology because they must always wear devices

Economic barriers

* New devices are still expensive, even if covered by universal health insurance.
+ For type 1 diabetes patients aged 20 years or older, there is no public subsidy beyond the universal health insurance [43, 44]

Structural/accessibility barriers
* Limited number of medical institutions and physicians that can deal with the technology
* Limitation in the accuracy of CGMs compared to SMBG [43, 44]
+ Difficulties and inconvenience of attaching and managing the devices [43, 44]
 Infusion trouble, skin trouble [43, 44]
Provider/psychological bias
* Lack of time for doctors to fully instruct patients on how to safely operate the device and control blood glucose levels [43, 44]
* Inconvenience of carrying around the device and it not fitting comfortably in daily life [43, 44]. Psychological burden of seeing and not
being able to manage widely vacillating glucose levels [43, 44]
* Perceived or actual prejudice and being discriminated against because of wearing the devices [43, 44]

Economic barriers

* High retail price is the major concern for their usage by the patients for daily monitoring of blood glucose [45]

Economic barriers

* Individuals in Malaysia interested in using diabetes technology devices generally need to bear the costs personally

Provider/psychological bias
* Participants’ perceptions of the purpose of SMBG, the emotions associated with SMBG, and the complexity, pain, and cost related to
SMBG as well as personal and family motivation are the key concerns or barrier toward using SMBG in Malaysia [46]. Regarding other
devices like AID systems and insulin pumps, there is currently a lack of published data on the barriers to their use. Nonetheless, aside
from cost, it is anticipated that similar obstacles may apply to AID systems and insulin pumps as well.

Economic barriers

* High cost: Diabetes technology devices and treatments can be expensive, making them inaccessible to a large portion of the population
in India. The high cost of these technologies can act as a significant barrier for individuals who may benefit from them but cannot afford
them

Structural/accessibility barriers

* Lack of awareness: Many individuals in India may not be aware of the latest diabetes management technologies available to them. This
lack of awareness can prevent them from seeking out these tools and incorporating them into their diabetes management routine

* Limited access to health care facilities: In many parts of India, access to health care facilities, especially those equipped with the latest
diabetes technologies, can be limited. This lack of access can prevent individuals from receiving proper guidance on how to use these
technologies effectively

(continued)
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Country Barriers
Provider/psychological bias
* Cultural beliefs and stigma: Cultural beliefs and stigma surrounding diabetes can also impact the adoption of diabetes technology in
India. Some individuals may be hesitant to use these technologies due to cultural beliefs or fear of being stigmatized for their condition
* Inadequate training for health care professionals: Health care professionals in India may not always receive adequate training on how to
use and implement diabetes technologies effectively. This lack of training can result in healthcare professionals being unable to guide
patients on the proper use of these technologies
Overall, these barriers can collectively hinder the widespread adoption and effective utilization of diabetes technology in India, impacting
the overall management and treatment of diabetes in the country.
Africa
Rwanda Economic barriers
* It is unaffordable and therefore there is negligible market penetrance in the country
Australia and New Zealand
Australia Economic barriers
* Financial, Socioeconomic status [32]
Structural/accessibility barriers
* Potential factors may include distance to health care services, rural internet challenges
Provider/psychological bias
* Technology understanding and acceptability, including language/cultural factors [32]
* Clinician bias
New Zealand  Economic barriers
* Socioeconomic status [47]
Structural/accessibility barriers
* Geographic location (rurality) [47]
Provider/psychological bias
* Racial provider bias [47]
Europe
Switzerland Economic

+ Financial (out-of-pocket costs)

Structural/accessibility barriers

* Insurance: there are some minor restrictions by insurance provider for coverage

Provider/psychological bias
* Language/cultural factors

* Clinician perception of the inability of the patient to manage the device

* PwD not wanting to wear a device on the body/stigma.

* Low education status of PwD may influence adoption of technology

Abbreviations: AID, automated insulin delivery system; CSII, continuous subcutaneous insulin infusion; PwD, person with diabetes; SAP, sensor augmented pump;

SMBG, self-monitoring of blood glucose by needle finger prick.

“Where available, data came from published literature. All data not cited are from the survey.

in Hispanic patients (38.4%) [14]. In data reported from a single
specialty diabetes clinic, when compared by age group, use of
any diabetes technology among youth was 93.5% in NHW vs
55.1% in NHB and 77.5% in Hispanic patients; among adults,
these racial and ethnic disparities were less marked, with 85.6%
of NHW patients reporting any technology use compared to
63.4% of NHB and 66.9% of Hispanic patients [51].

Health insurance often covers diabetes technology in the
United States, though there can still be high out-of-pocket costs
and significant barriers to use even when insurance coverage is
provided. Consistently, data show lower rates of diabetes tech-
nology use among those with public insurance compared to pri-
vate insurance. In the TIDEX-QIL, among all patients CGM use
was higher in those patients who had private insurance
(57.2%) compared to patients who were on government insur-
ance (33%) [14]. In Colorado youth aged 12 to 17 years with

T1D, Medicaid insurance was associated with a 65% reduced
odds of using any diabetes technology, a 59% reduction in
odds of using an CSII, and a 60% reduced odds of using
CGM compared to private insurance, despite the fact that
Medicaid in Colorado covers these devices [51]. A Medicaid
supplement through the California Children’s Services provides
CGM coverage, but children wanting to use CGM under this
program have to check blood glucose >4 times a day to obtain
coverage, and those wishing to use CSII also have to demon-
strate consistent CGM use [40]. Setting these types of require-
ments for diabetes device approval under public insurance not
only creates disparities in use of these devices, given that private
insurance does not carry these requirements, but also prevents
the use of diabetes technology by those who could most benefit.
In a case series, improved management of diabetes, more sus-
tained use of CGM systems and improvement in glycemic
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Years of Life Lost (YLL) Due to Type 1 Diabetes by Country Income Level and the Presence of Universal
Healthcare

50

30

YLL due to Type 1 Diabetes

0

Denmark Switzerland  Japan Sweden Norway  Germany  Australia New Canada

Zealand
High

® Universal Health Care Yes

us Korea Taiwan Brazil

Malaysia Mexico SouthAfrica  India Kenya Rwanda

Middle Low

m Universal Health Care No

Figure 2. Years of life lost because of type 1 diabetes [1] by income and universal health care coverage of selected countries. Data on years of life lost

came from the Type 1 Diabetes Index [1].

control were reported among youth on public insurance when
these barriers to use were removed [40].

In addition to lack of insurance coverage, lack of access to an
endocrinologist can be a major barrier to obtaining and using
diabetes technologies [42] because many primary care doctors
lack the knowledge about diabetes devices to manage them; pro-
vider bias can also present a barrier [42]. Individual-level barriers
are also often reported, including having difficulty wearing devi-
ces because of work conditions [42]. In adults with T1D who
took partin the T1D Exchange, almost half reported that the has-
sle of wearing devices was a major barrier, and more than one
third did not like having diabetes devices on their body [41].
There were also significant concerns about the device not work-
ing or relying on the technology, taking more time to manage
their diabetes, and worrying about what others think about the
device [41].

Latin America

Latin America includes 21 countries and has a total popula-
tion of almost 500 million. The prevalence of T1D ranges
from 0.4 to 8.3 cases per 100 000 in children younger than
age 15 years. In many places, only a minority of individuals
currently receive treatment with advanced insulin infusion
or glucose monitoring therapy for T1D. Only 2% of persons
with T1D in Latin America use AIDs [55].

Although some of the differences in diabetes technology util-
ization in Latin America can be explained by social inequalities,
economic and ethnic differences among Latin countries, and
long-term structural differences within the health care system
models [56, 57], for most countries in Latin America, low SES
restricts access to technologies for diabetes treatment. Persons
living with T1D in Latin America face several challenges, includ-
ing lack of universal health care coverage in many countries, low
national health expenditure for T1D, and limited access to ap-
propriate glucose management regimes. Some country-specific
examples reported on next include Mexico and Brazil.

Brazil, a middle-income country, has the third highest inci-
dence globally for T1D among children and adolescents young-
er than age 20 years. All ages combined, more than half a million
people are living with T1D in Brazil. However, use of more ad-
vanced diabetes technologies such as CGM, CSII, or AID is still
very limited despite the majority of the population receiving free
health care through its government-funded health care system.
CGM accessibility via the Brazilian Public Healthcare System
is limited [58, 59]. It is estimated that among persons with
T1D in Brazil, an average of 33 years of healthy life years are
lost [1].

Mexico, a middle-income country bordering the United Sates
at its southern boundary, has an estimated 90 000 people living
with T1D [1, 15]. Though a middle-income country bordering
the very high-income country the United States, there is very lit-
tle information regarding treatment, including diabetes technol-
ogy. However, in a study by RENACED-DT1, a national type 1
diabetes patient registry representing a small sample of persons
with T1D, of 964 patients from 29 clinics in its registry, 21% of
the patients were using CSII and 9% were using CGM [15]. YLL
from diabetes is estimated to be 35 years.

Asia

The lowest rates in the world for T1D incidence are found in
Asia, in particular China, Japan, and Korea; however, because
of the population size of certain Asian countries, in particular
China and India, Asia also contains the countries that account
for the largest numbers of persons with T1D. Because Asia ac-
counts for the largest numbers of T1D in the world, the lack of
diabetes technology access in this region may potentially have
the greatest negative impact globally [60].

Japan

Japan has one of the lowest incidence rates of T1D in the
world [61-63]. According to the Ministry of Health, Labour
and Welfare’s 2020 patient survey, the total number of



patients of all ages receiving continuous medical care for T1D
was 139 000, with a prevalence rate of 0.11% of the overall
population and 2.4% of the overall population with diabetes
[20]. Japan is a high-income country with universal health
care that covers CGM, CSII, and SAP. Additionally, there is
public subsidy for these devices available to T1D patients
younger than age 20 years. There is a report on the use of dia-
betes technology in multicenter cohort study of pediatric pa-
tients with T1D. Overall, approximately 50%, 40%, and
10% of children and adolescents with T1D in Japan use
CGM, CSII, and SAP, respectively. By age group, the usage
is lower among adolescents [22].

Japan’s universal health insurance covers diabetes technol-
ogy for T1D patients also aged 20 years or older; however,
there is no additional public subsidy (ie, government-funded
coverage of health care) for them. Thus, especially for adults,
the largest barrier to diabetes technology use is cost. Other
barriers to technology use include difficulties and troublesome
annoyance of attaching and managing the devices, the psycho-
logical burden of seeing and not being able to manage widely
vacillating glucose levels and a limitation in the accuracy of
CGMs compared to self-blood glucose monitoring (SMBG).
For adolescents in particular, additional barriers include not
wanting to be seen as different from their peers by attaching
the device, the inconvenience of carrying around the device,
and it not fitting into their daily life [43, 44].

Korea

Korea also has one of the lowest rates in the world for T1D; how-
ever, data show that incidence rates have been increasing. Korea
is also a high-income country with universal health care; how-
ever, until 2024, CGM was not covered, except for in children
and adolescents younger than age 19 years. However, 93% of
the T1D population in Korea is aged 19 years or older [16].
Although use of CGMs and pumps is low, both are partially cov-
ered by insurance and the use of CGMs is increasing. Choe et al
reported the use of CGMs increased from 1.4% in 2010 to
39.3% in 2019 and the use of CSII increased from 2.1% to
14.0% from 2010 to 2019 in a multi-(academic)-center study
of children and adolescents in Korea [18]. However, the
Korean National Health Insurance Service (NHIS) has 18.7%
of children younger than age 20 years registered as using
CGMs [18]. As of December 2022, 10.7% of the entire T1D
population registered in the Korean NHIS were using CGMs
[16, 17].

The majority of persons with T1D in Korea practice multiple
daily injections with an insulin pen and SMBG with a finger
prick glucometer. Only 0.4% of persons with T1D in Korea
use an AID [16], largely because of the out-of-pocket cost bur-
den to the patient or family with T1D. For children younger
than age 19 years, insurance will pay for 70% of the cost of
AID, but the cost of this technology is high. For adults with
T1D, Korean NHIS will pay for 70% of the cost of sensors
for CGMs and approximately 50% of pumps [17], still leaving
considerable out-of-pocket costs. Further, patients have to pay
for the technology up front and then receive reimbursement
for the percentage that the insurance will cover. In addition to
the financial costs, barriers to technology use include side effects
such as skin rashes, skin dents, and discomfort when the CGM
or AID is removed and reattached every 2 weeks. Both in chil-
dren and adults in Korea, CGM use is associated with improved
glycemic control [18, 64].
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Taiwan

Like Korea and Japan, the incidence of T1D in Taiwan is one of
the lowest in the world, with only 0.24% of the population
with diabetes having T1D [65]. This is reflected in the scarcity
of studies on T1D in Taiwan and no published data on diabetes
technology use. CGM was introduced in Taiwan on March 5,
2021, so the market share for CGM is small. Additionally, al-
though Taiwan does have universal health insurance, require-
ments for coverage of CGMs are strict, limiting the growth of
the usage of CGMs in this country, and CSII is not covered at
all. The high retail price of diabetes technology and their sub-
sequent out-of-pocket cost is the major barrier to diabetes tech-
nology usage in Taiwan, a high-income country where YLL
from diabetes is similar to that of medium income countries ra-
ther than that of other high-income countries.

Malaysia

The estimated prevalence of T1D in Malaysia when extrapo-
lated from National Diabetes Registry data is 0.62 % of all per-
sons with diabetes [25], one of the lowest prevalence rates in
the world. More than 50% of T1D patients aged younger
than 20 years old have poor glycemic control with an HbAlc
of more than 10.0% [26]. For all persons with T1D, both
adults and children, less than 10% use diabetes technology.
YLL from diabetes is 33.3 years.

Few data are available on diabetes technology use in
Malaysia, but it is reported that CGM and CSII have been
available in Malaysia since 2005. CGM has been incorporated
in many local diabetes-related clinical research centers and its
use in routine clinical practice has also increased in recent years
[66]. Nevertheless, <10% of people with T1D in Malaysia use
CGM [26]. CSII therapy is initiated primarily among adoles-
cent patients with T1D with poor control on multiple-dose in-
sulin injections. As of 2015, there were approximately 170
local patients using CSII therapy, with an estimated 70% hav-
ing T1D. Use of CSII has been increasing in recent years, with
up to 30 to 40 new patients initiated per year. In Malaysia, the
use of CSII or CGM is not funded by the government nor is it
covered by insurance; therefore, patient selection is done in ac-
cordance with the specific indications as outlined in the estab-
lished local clinical practice guidelines [67].

Research investigating barriers to diabetes technology up-
take in Malaysia, particularly among individuals with T1D,
is limited. An existing study, primarily focused on type 2 dia-
betes, indicates that cost of glucose strips, frustration related
to high blood glucose readings, misperception, stigma, fear
of needles, inconvenience, lack of motivation, and lack of self-
efficacy are the common barriers for SMBG [46]. Additionally,
for CGM, the highlighted key barriers include high cost, tech-
nology complexities, and inadequate training on the use of the
device. The lack of device training may be attributed to the lack
of trained diabetes educators and short consultation time with
clinicians in most public health care settings.

India

According to estimates from the International Diabetes
Federation, India has the highest number of cases of T1D in
the world, adults and children inclusive. It is estimated that
128 500 children and adolescents in India have T1D [68].
However, only 10% to 15% of persons with T1D in India
use diabetes technology to manage glycemia. YLL from T1D
is 44.8 years. Thus, not only does India account for the
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greatest number of people with T1D, it also is one of the coun-
tries with the highest documented YLL due to T1D.

A recent study examined whether use of CGM improved gly-
cemic control in children with T1D in resource-poor areas in
India and found that baseline HbA1c was 11.23% in the inter-
vention group and 11.62 in the control group, demonstrating
very poor glycemic control. The use of CGM reduced HbA1c
significantly in the intervention group, to 10.14% (P =.01),
with no significant change in the control group (follow-up
HbA1c 11.32%) [69]. Similarly, a study examined CSII use
in 50 children with T1D who were from rural, below-poverty
families. The use of CSII therapy in these children significantly
improved glycemic control, from a mean HbAlc of 10.42%
before pump initiation to 7.5% after 1 year of therapy [70].

The Indian Council of Medical Research issued guidelines
for the management of T1D in 2022 [71] and recommended
glucose monitoring by SMBG because glucometers, but not
CGM, are widely available in India. CGM use is recom-
mended for people with hypoglycemia unawareness and for
motivated patients (those who are willing to wear the device
at least 70% of the time). India does not have universal health
care and the out-of-pocket cost of technology such as CGM
may be prohibitive for most patients with T1D, particularly
if insurance does not cover it. Additionally, use of CSII may
be hampered, particularly among low-income patients, by
myths surrounding its use, including that rural and poor fam-
ilies will be unable to effectively use CSII, that pumps do not
work well in the hot weather, and that they are mostly for
wealthy and literate people [70].

Africa

Some of the highest rates for incidence and prevalence of T1D are
found among African countries, both northern and sub-Saharan
Africa. According to the International Diabetes Federation [28],
Eritrea ranks first and Libya ranks ninth in the world for the in-
cidence rate of adult-onset T1D, whereas Algeria ranks fourth
and fifth for incidence by count (number of new cases) and preva-
lence among children younger than age 10 years; Morrocco
ranks sixth for incidence and prevalence, and Nigeria ranks
eighth for incidence among children younger than age 20 years.
However, for most countries in Africa, market penetrance of dia-
betes technology is negligible and the continent reports among
the highest years of life lost because of T1D.

Throughout the continent of Africa, even in middle-income
countries, use of advanced diabetes technology is scant to non-
existent due to the price burden for patients and the health sys-
tem. For example, data from FIND market research showed
that in South Africa and Kenya, 2 medium-income countries in
Africa, the prevalence of CGM usage among persons with
T1D is 16% and 3%, respectively. Most countries in Africa are
low-income countries. In most countries in Africa, point-of-care
testing devices, access to insulin (and its storage) and more basic
diabetes technology such as a finger stick glucometer and testing
strips, are the more pressing challenges [72, 73]. Cost of insulin, a
lifesaving essential medicine, could account for up to half of a
household’s annual gross income. While globally, only 1 of 2
people in need of insulin have adequate access to it either because
of availability or affordability, in Africa this is much lower, with
only 1in 7 persons in need of insulin having adequate access to it
[74]. In many countries, half of newly diagnosed persons with
T1D die within the first year of diagnosis. This broader issue of
access to insulin has been highlighted by Virmani et al [75].

Universal health care does seem to mitigate some of these chal-
lenges, including with diabetes technology. For example, al-
though CGMs are not available in Rwanda because of their
cost, Rwanda a low-income country, does have universal health
care, and approximately 90% of adolescents and young adults
with T1D use a home glucometer.

Australia and New Zealand

In Australia, data from a center in Western Australia, where 10%
of the national population resides, estimated that 93% of chil-
dren and adolescents diagnosed with T1D are using CGM and
57% use CSII. Although Australia does have universal health
care that covers CGM for all persons with T1D, this does not in-
clude CSIL Barriers to technology use include the costs associated
with diabetes technology use, specifically CSII use given access in
Australia is through top-tier private health insurance, self-
funding, or limited philanthropic programs, SES, and the dis-
tance to health care services. Despite universal access to CGM,
a 2023 report by Lomax et al found that disparities in diabetes
technology use in Australia still existed [76]. Those in the quin-
tiles associated with the highest socioeconomic disadvantage
were the least likely to use diabetes technology for both CGM
and pump. CGM use was higher and more even across the other
quintiles, whereas pump use increased in each quintile associated
with less socioeconomic disadvantage. In addition to SES and
technology associated costs, barriers to technology use in
Australia were hypothesized to include clinician based bias, ac-
cess to relevant supporting technology (for example, mobile de-
vices), technology acceptability, and understanding including
impacts of cultural and language factors [32, 76].

Approximately 5% of the New Zealand population with dia-
betes have T1D (personal communication, Martin de Bock,
MD, PhD, University of Otago). Like Australia, New Zealand
has universal health care; however, while it does cover CSII con-
tingent on certain health behavioral characteristics, it does not
cover CGM. Starting October 1, 2024, the restrictions on
who can be covered for CSII use will be removed and CGMs
and AID systems will be covered. Thus, starting October 1,
2024, these more advanced diabetes technologies will become
free to all persons with T1D in New Zealand. Hopefully, this
will help reduce the disparity in technology use shown to exist
by SES in New Zealand [47] and mitigate glycemic disparities
by ethnicity [47]. In explaining these disparities by race/ethnicity
in New Zealand, Burnside et al suggested that provider bias in
ethnicity-based treatment as well as specific ethnicity and cul-
tural factors may contribute [47].

Europe

There are an estimated more than 2.9 million people in Europe
with T1D [60], among them an estimated 295 000 children
and adolescents. For most European countries, survival with
T1D surpasses that of most countries of the world, including
other high-income countries such as the United States [1].
Compared to other countries and regions of the world, in-
cluding the United States, usage of advanced diabetes tech-
nology such as CSII, CGM, and AID is generally higher in
European countries.

Germany, Austria, Luxembourg, and Switzerland

The Diabetes Prospective Follow-up (Diabetes-Patienten-
Verlaufsdokumentation [DPV]) registry is an initiative for qual-
ity improvement and captures data from diabetes centers in
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Austria, Germany, Luxembourg, and Switzerland. It covers
more than 80% of all pediatric patients with diabetes in
Germany, Austria, and Luxembourg [77], but not Switzerland.

In the 2016 through 2018 period, insulin pump use was
56.6% and CGM use 48.7% among German youth with
T1D [35]. CGM use decreased across quintiles of SES, with
48.5% of those in the lowest SES quintile using CGM in
2016 through 2018, compared to 57.1% in the highest SES
quintile (P <.0001); in contrast, insulin pump use did not dif-
fer across SES quintiles (P =.4109) [35]. Similar pump and
CGM use rates were observed in a single center in Germany
with insulin pump use in 63.1% overall, with lower use in
adolescents 12 to 17.9 years of age and young adults 18 to
20.9 years than in younger children [78]. CGM use was re-
ported by 31.6% overall but was highest in the 12- to
17.9-year age group (35.3%), and lower in young adults
aged 18 to 20.9 years (28.6%) [78]. A marked increase was
observed in CGM use since 2016 through 2017, when inter-
mittently scanned CGM (isCGM) became readily available
and CGM was funded for people with T1D in Germany.
Subsequently, CGM uptake (intermittently scanned CGM
[isCGM] and real time CGM [rtCGM)]) increased exponen-
tially [79]. In 2020, CGM use increased to 76% in a sample
of more than 32 000 children and young adults in the DPV
registry [79]. It varied by age, with 76 % of children younger
than age 6 years using CGM, and 58% of young adults aged
18 to 25 using CGM [79]. In a study of more than 13 000
adults in the DPV registry, in 2019 through 2021, use of insu-
lin pumps was 56.1% and CGMs 75.3% in 18- to
25-year-olds, and decreased with older age [80]. Adults resid-
ing in Germany who had a migration background were less
likely to use an insulin pump (27.6%) or a CGM (61.4%)
than those without a migration background (insulin pump
[38.8%], CGM [71.1%]; P < .0001 for both) [80]. Use of dia-
betes technology also decreased along quintile of area depriv-
ation, although this relationship was not linear [80].

Single-center experiences in Switzerland show a similar in-
crease in diabetes technology use in pediatric patients follow-
ing the availability and funding of isCGM systems since 2017.
In 2017 through 2018, in a single-center cross-sectional study
of children and adolescents with T1D followed in the out-
patient clinic in Bern, 26.4% used an insulin pump and
39.3% used a CGM [81]. Similarly, in a different Swiss center
pump use increased from 33% in 2018 to approximately 50%
in 2023 and CGM use increased from just under 50% to
around 92% to 95% over the same years (personal communi-
cation, Marie-Anne Burckhardt).

Denmark, Sweden, and Norway

In a study of more than 2000 adults with T1D in Denmark,
38.6% used an insulin pump and 60% used a CGM in 2020
[36]. Sweden has provided coverage for CGM since 2014, al-
though it was initially limited to only those with inadequate
glycemic control [82]. The reimbursement has now widened,
and 79.6% of participants with T1D in the Swedish National
Diabetes Register used CGM in 2019. As 0f 2020, 70 % of chil-
dren in Sweden used insulin pump therapy [38]. In contrast,
only 30.1% of adults with T1D in Sweden use an insulin
pump, with highest use among 18 to 21 year olds (45.2%),
intermediate use in 22 to 30 year olds (31.3%) and lowest
use in adults older than age 30 years (22.3%) [39]. In
Norway, all diabetes technologies are available at no cost for
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children who have T1D, while adults have to pay an annual de-
ductible equal to approximately €265 [83]. As a result,
Norway already had very high use of insulin pumps (74%)
and CGM (52 %) among pediatric patients in 2017 [37].

Discussion of Common Themes

Universally, the most common barrier to technology adoption
and utilization, irrespective of the country’s economic status, is
the financial burden. For many middle- and low-income coun-
tries, this financial strain means zero market penetrance of the
technology into the country. Due to their prohibitive cost, both
technology companies and national governments may lack in-
centive to pursue market entry into these regions. In countries
where the market penetrance exists, inadequate insurance
coverage or high up front out-of-pocket costs for the individual
patient or families with diabetes also hinder the adoption and
sustained usage of these advanced technologies.

Another common structural economic theme across coun-
tries is that, even when full or nearly full coverage for technology
is available, it is often restricted to the pediatric population.
Consequently, a significant proportion of patients in late adoles-
cence or young adulthood with T1D who are either still in
school or just beginning to earn income, are left without access
to affordable diabetes technologies.

Other structural barriers to diabetes technology such as
stringent eligibility criteria imposed by many insurance pro-
viders, whether private or government-based, further impede
access to diabetes technology. This has been shown to harm
those most in need because they have to demonstrate optimal
glycemic control prior to the approval for the technology.

Furthermore, lack of awareness or insufficient knowledge of
the technologies by both patients and providers is another com-
mon barrier across many countries. Notably, even in high-
income countries, many health care providers lack knowledge
on utilization of these diabetes technology devices, and some
may fear legal liability due to inadequate patient education.

Among high-income countries with a diverse racial and ethnic
population, such as the United States and New Zealand, dispar-
ities by race and ethnicity have been observed. This often stems
at the level of the health care provider and persists even in the
setting of equalized income or universal health care coverage.
For example, a study in the United States showed that African
American pediatric patients with T1D whose family household
incomes were at least $100 K per year were prescribed advanced
diabetes technology at a much lower rate than White children
from similarly incomed families but at the same rate of White
pediatric patients whose family household annual income was
$50000 or less per year. Disparities by race/ethnicity un-
accounted for by SES or insurance have also been reported in
Australia and New Zealand [32, 47, 76].

Finally, disparity in the uptake of diabetes technology is
also compounded by individual-level barriers [84]. One of
the common individual-level barriers that has been widely
cited is psychological burden. Results of a recent survey
among individuals with T1D exploring barriers in adoption
of CSII and CGM showed that nearly half of respondents re-
ported device inconvenience, whereas one-third expressed dis-
comfort with device attachment onto their body [85]. Some
individuals reported negative impact on their body image
due to constant presence of a device on their body [86].
Self-reported diabetes stigma is also prevalent, with many in-
dividuals perceiving wearing diabetes technology as a
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personal failure or burden, contributing to psychological dis-
tress. Additional glycemic information from devices such as
CGM can be overwhelming or result in “information over-
load,” prompting users to discontinue its use [87]. Some indi-
viduals also experience frustration with frequent alarms and
technical issues. Moreover, fears, such as dependency on tech-
nical devices, and difficulty trusting devices, may further im-
pede the uptake of diabetes technologies [88].

Limitations and Future Directions

We acknowledge that countries used in this mini-review com-
prised a convenience sample. This was not a meta-analysis,
nor was it a systemic review. We conducted a convenience
sample to help gather the data to obtain a global perspective
on disparities in technology use in T1D, as this information
is not generally available for very many countries globally.
As such, in addition to increasing market penetrance of dia-
betes technology into low- and middle-income countries,
and its affordability to individuals in all countries, our re-
search for this mini-review suggests some potential future
directions:

(a) Several countries, especially in Latin America, Africa,
and parts of Asia, have incomplete data on T1D
prevalence and technology usage. This highlights the
need for more comprehensive and updated studies to
better understand the global landscape of T1D
management.

(b) In many countries, most epidemiological studies on T1D
to date have focused on children. For example, there are
no data on the incidence of T1D in adults in Japan. It
would be desirable to have a system in which new-onset
patients (both children and adults) are registered so that
they can be accurately captured.

(c) A survey of national medical databases in countries
where they exist, for example Japan’s National
DataBase, which is a database of information on receipts
and specific health checkups, would be effective for iden-
tifying T1D patients of all ages and their treatment sta-
tus. With this, it would also be necessary to examine
and validate the logic, that is, the algorithms, for accur-
ately extracting T1D from the receipt data.

(d) Continued research and surveillance using large data
sets and registries, but with an equity lens, to ensure
that those who are most disadvantaged are not left be-
hind due to systemic barriers to care even where there
is free access to modern diabetes technology.
Studies often lack diversity in participant demographics,
limiting the generalizability of findings. In view of
this, particularly large data sets should be examined
for the impact of socioeconomic factors, health literacy,
and cultural barriers on technology adoption and
outcomes.

(f) Few studies explore strategies to reduce cost barriers or
improve insurance coverage. This is an important area
that needs more research.

(g) The role of health care provider biases in prescribing
technology and the impact of digital health literacy on
equitable access remains largely underexplored. This
also is an area that needs more research.
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Conclusion

Type 1 diabetes is a severe, life-threatening disease resulting in
an average of 32 YLL globally, seen most drastically in middle-
and low-income countries [1]. Although the incidence of T1D is
not affected by SES, the development of complications and lim-
ited access to modern therapy is overrepresented in vulnerable
populations [89]. Diabetes technology, particularly CGM, has
been shown to greatly improve glycemic management, and is
therefore crucial to the long-term impact and potentially sur-
vival of patients with T1D. To ensure equitable access, major
diabetes technology manufacturers and distributors should
work toward lowering the cost of diabetes technologies in
middle- and low-income countries. National governments and
private health insurance companies worldwide should mitigate
the barriers to access including high out-of-pocket cost, complex
reimbursement schemes, stringent eligibility or indication cri-
teria for devices, and insufficient funding for education on tech-
nology usage. Additionally, efforts to address racial and ethnic
disparities in technology usage, especially in high-income coun-
tries, should be intensified targeting physician bias awareness
and patient education in vulnerable groups. Finally, psycho-
logical and cultural barriers to technology use at the individual
level should be explored by the health care teams and appropri-
ate education and support provided. This review was written as
a joint effort between diabetes epidemiologists, physicians,
laboratory-based clinicians, and diabetes medical technology
manufacturers. Our review underscores the need for a joint ef-
fort involving national governments, private health insurers,
technology manufacturers, and health care providers to address
the disparities of diabetes technology utilization worldwide.
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