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ABSTRACT

Aims: To investigate self-reported out-of-pocket expenses (OoPE) associated with insulin
and diabetes supplies for people living with type 1 diabetes (T1D) worldwide.

Methods: A web-based, cross-sectional survey was conducted from August to December
2020. The analysis included comparisons between responses from countries with no, par-
tial, and full healthcare coverage.

Results: 1,066 participants from 64 countries took part in the study. ~25% of respondents
reported having underused insulin at least once within the last year due to perceived cost.
A significant correlation was observed between OoPEs and reported household income for
respondents with partial healthcare coverage. 63.2% of participants reported disruption of
insulin supplies and 25.3% reported an increase of prices related to the COVID-19 pan-
demic.

Conclusions: This study confirms previous reports of ~25% of people in the United States
with T1D using less insulin and/or fewer supplies at least once in the last year due to cost,
a trend associated with the extent of healthcare coverage. Similar trends were observed in
some middle/low income countries. Moreover, patients reported an increase in insulin
prices and disruption of supplies during the COVID-19 pandemic. This study highlights
the importance of self-reported OoPEs and its association with underuse/rationing of
insulin.

© 2021 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY
license (http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

Despite the centennial of insulin’s discovery by Frederick
Banting, Charles Best, and colleagues at the University of Tor-
onto in 1921 [1,2], half of the people living with diabetes
worldwide cannot access or afford it [3]. Since the discoverers
sold the patent for 1 USD each, and Banting famously said
“Insulin does not belong to me, it belongs to the world”

(https://insulin100.utoronto.ca/about), the cost of insulin has
dramatically increased globally: For example, since the
1990s, the cost of analog insulin in the United States (US)
has increased by well over 1000% [4]. High out-of-pocket
expenses (OoPEs) and restricted access have been associated
with insulin underuse, which in turn can lead to clinical out-
comes associated with increased risks for long-term compli-
cations and premature death [5,6]. Insulin underuse is a
leading cause of diabetes ketoacidosis (DKA) admissions in
people with diabetes from minority populations [7]. Further-
more, differences in household income were found to be rel-
evant for access to home refrigeration, usage of insulin pens,
insulin pumps, glucagon and ketone strips, hemoglobin Alc
(HbA1lc) testing, and complications screening in children
and adolescents with type 1 diabetes (T1D) [6,8]. However,
while the cost of insulin may be as much as four times higher
in the US compared to other OECD countries [9], access to
insulin also varies worldwide, with many lower/middle-
income countries (LMICs) lacking universal coverage of dia-
betes medications [10]. While a significant body of literature
highlights the prevalence and impact of cost-related insulin
underuse in the US [11-15], further research is needed at a
global level with an emphasis on how this practice varies
across countries with differing healthcare coverage types.
Particularly, there is a pressing need in the context of the
SARS-CoV-2 (COVID-19) pandemic, where disruptions of sup-
ply chains may have led to further precarity in access to insu-
lin in some regions [16-18]. To our knowledge, this is the first
study investigating self-reported out-of-pocket expenses and
its effects on rationing of insulin and blood glucose testing
in context with health coverage, country, and country income
level.

Self-reported access to insulin and other diabetes supplies,
as well as OoPE associated with the use of diabetes treatment,
has been monitored by TlInternational in the last decade.
T1lInternational is a United Kingdom (UK) registered Charity
(T1lInternational.com) that advocates for people with type 1
diabetes around the world. It is a patient-led not-for-profit
organization that receives no funding from pharmaceutical
or industry donors. In both 2016 and 2018, TlInternational
completed a web-based survey on access to insulin and dia-
betes supplies. The results are freely available on the T1Inter-

national website (www.tlinternational.com/access-survey),
but have not previously been published. The aim of this study
is to present contemporary data concerning OoPEs, the extent
of insulin and supply underuse, and the degree of financial
coverage people with T1D are experiencing across the world.
The study focuses primarily on the US rationing and health-
care coverage results as they compare to those of other
countries.

2. Material & methods
2.1.  Survey design

A web-based, cross-sectional, anonymous survey (Supple-
mentary Data 1), titled “Type 1 Diabetes Access to Insulin
and Supplies Survey”, was conducted from August to Decem-
ber 2020 using the Research Electronic Data Capture (REDCap)
platform [19]. The survey was co-developed by four people,
three of whom are living with T1D, ensuring that questions
were relevant and easy to understand for the participants.
The questionnaire comprised items about healthcare cover-
age (e.g. health insurance, types of insulin and supplies, and
associated costs). OoPEs were defined at the beginning of
the survey and local currencies were converted to USD using

the online XE Currency Converter tool (wWwww.xe.com). Prior to
launching the survey, T1lInternational utilized a pilot group of
N = 10 volunteers from North America, South America, Eur-
ope, Asia, and Africa. Based on their feedback on readability,
usability, and clarity of the survey questions, alterations were
made to improve the survey tool before sharing it with the
wider T1D community.

2.2.  Participants and procedures

The survey was open to people diagnosed with T1D aged
18 years and above, their partners, caregivers of children
and adolescents with T1D, as well as healthcare professionals
(HCP) responding on behalf of their patients. Informed con-
sent to participate was required to proceed to the survey
questions. Respondents were informed that no identifiable
information would be collected and that no compensation
or other financial reward for participating would be received.
All work was carried out in an ethical manner and in accor-
dance with the Declaration of Helsinki. The survey was linked
from the TlInternational website and disseminated using
online newsletters, emails, and social media platforms (in-
cluding Facebook, Instagram, LinkedIn, and Twitter). It was
also shared by local partner organizations where T1lInterna-
tional advocates are active as well as global partners of
T1lInternational.

2.3.  Data analysis and statistical tests

Quantitative analyses were conducted within the R statistical

framework (www.r-project.org) and figures were produced

using the ggplot2 package (https://ggplot2.tidyverse.org). The
analysis included comparisons between countries with full,
partial or no healthcare coverage. The underuse analysis of
insulin and diabetes supplies frequencies were conducted
on the basis of two groups with, on the one side, Never, and
on the other side all other frequencies (Once per year or more,
Once per month or more, Once per week or more, and Every day).
The base R function chisq.test() was used and resulting P val-
ues were corrected with the Bonferroni method [20]. The cra-

merV() function from the rcompanion package (Www.

rcompanion.org) was then used with bias correction to mea-
sure the degree of association. All statistical significance
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thresholds were set to 0.05. When indicated in the axis legend
of the relevant figures, a pseudocount of 1 USD was added to
all declared OoPEs in order to retain the null values (0 USD)
during the log-transformation necessary to facilitate visual-
ization. The original survey dataset and associated R scripts

are publicly available on the Github repository: https:/
github.com/athieffry/T1International-OoPE-survey-2020.

3. Results

3.1.  Represented countries and healthcare coverage
landscape

Responses from a total of 1,080 participants were recorded
over a total duration of 5 months. Fourteen participants did
not indicate their consent and were subsequently removed.
Of the 1,066 responses that were included in the analysis,
671 (62.9%) were female, 789 (74.2%) were adults living with
T1D, 117 (10.9%) were caregivers, 12 (1%) were partners and
4 (0.4%) were HCPs providing care to people with T1D. Partic-
ipants were based in 64 different countries (Fig. 1A). The
majority of responses originated from the United States (US,
N = 542, 50.8%), followed by Ghana (GH, N = 46, 4.3%), and
Canada (CA, N = 35, 3.3%). To mitigate the rapidly decreasing
sample size while still allowing insightful comparisons by
considering diverse geographic locations and country income
levels, most of the downstream analyses were focused on the
five most represented countries. This subset consists of the
US, GH, CA, Philippines (PH, N = 28, 2.6%), and the United
Kingdom (UK, N = 26, 2.4%). Overall, three groups could be dis-
tinguished on the basis of healthcare coverage distribution in

A Responses by country

United States of America - US
Ghana - GH

Canada - CA
Philippines - PH
United Kingdom - UK
South Africa - ZA
France - FR

India - IN

Kenya - KE
Germany - DE

Costa Rica - CR
Australia - AU
Dominican Republic - DO
Uganda - UG
Switzerland - CH
Spain - ES

Japan - JP
Zimbabwe - ZW
Lebanon - LB

Bolivia - BO

Sweden - SE
Netherlands - NL
Finland - FI

N/A

Country (N=64)

ARAPboOOOO OO 0

171

the top five most represented countries, with i) mostly full
healthcare coverage (UK), ii) mostly partial coverage (US, GH,
and CA), and iii) mostly no coverage (PH) (Fig. 1B).

3.2 Out-of-pocket expenses in the five most represented
countries

To identify the main drivers of OoPEs, participants were asked
to report their monthly expenditures in USD (see Methods) for
the following categories: insulin (short- and long-acting,
mixed, and other types), devices (insulin pumps and continu-
ous glucose monitors), glucagon kits, and testing strips for
blood glucose and ketone levels (Supplementary Data 1). A
significant but weakly positive correlation was observed
between OoPEs and reported household income (Table 1) for
respondents with partial healthcare coverage (rs: 0.27,
P = 4.3e-6, N = 565). Devices were the leading category of
OoPEs (276.8 USD; 95% CI [236.2, 317.3]) followed by insulin
(155.3 USD; 95% CI [128.0, 182.5]), glucagon (61.1 USD; 95% CI
[50.1, 72.1]), and test strips (45.1 USD; 95% CI [39.1, 51.1])
(Fig. 2A). Participants with full healthcare coverage had the
lowest self-reported OoPEs with virtually all respondents
reporting 0 USD (Fig. 2B, D). However, monthly expenses were
similar overall between none and partial healthcare coverage
(Fig. 2B). Countries could clearly be distinguished into three
categories with regards to expenses: i) the UK showing low
OoPE amounts, ii) Ghana, Philippines, and the US grouping
towards the highest OoPE amounts, and iii) Canada occupying
a relatively uniform OoPE distribution (Fig. 2C).

To minimise the risks of univariate analysis and gain a
more granular understanding of OoPEs, we broke down

B Healthcare coverage in top 5 countries
542 100+
754
3 Healthcare
S coverage
2 501 O fun
..; ] partial
ES . none
25

0 100 200 300 400

Number of responses (N=1,066)

500 US GH CA PH UK

Top 5 most represented countries

Fig. 1 - Response by country and healthcare coverage in top 5 countries. (A) Ordering of countries (Y-axis) per number of

responses (X-axis). Countries are indicated by full name followed by the alpha-2 code. Top 5 most represented countries are
indicated in green, others in grey. N/A: not attributed. Only countries with more than 3 respondents are shown. (B) Ratio of
reported healthcare coverage types (Y-axis, percent) in top 5 most represented countries (X-axis). Colors indicate the type of
healthcare coverage, ranging from none (red) and partial (blue) to full coverage (green). White numbers denote the number of
responses. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this

article.)
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Table 1 - Demographic characteristics of the study cohort.

Characteristic Answers Worldwide (N = 1,066) Top 5 most represented countries (N = 677)
Gender Female 671 (62.9%) 509 (75.2%)
Male 233 (21.9%) 151 (22.3%)
Transgender 2 (0.2%) 2 (0.3%)
Other 7 (0.6%) 7 (1%)
Prefer not to answer 8 (0.7%) 7 (1%)
NA 145 (13.6%) 1 (0.1%)
Connection to T1 diabetes Person with diabetes 789 (74.2%) 574 (84.7%)
Caregiver 117 (10.9%) 92 (13.5%)
Partner 12 (1%) 11 (1.6%)
Healthcare professional of a person with diabetes 4 (0.4%) 0 (0%)
NA 144 (13.5%) 0 (0%)
Monthly household income (USD) < 1,000 115 (10.8%) 65 (9.6%)
1,000-1,499 37 (3.5%) 31 (4.6%)
1,500-2,999 149 (14%) 127 (18.8%)
3,000-4,999 98 (9.2%) 85 (12.5%)
greater than 5,000 36 (3.4%) 31 (4.6%)
NA 631 (59.1%) 338 (49.9%)
Country income level Low 11 (1%) 0 (0%)
Middle 181 (17%) 74 (11%)
High 703 (66%) 603 (89%)
NA 171 (16%) 0 (0%)

966801 (IZOZ) 6/1 3IDILDOVYL TVDINITID ANV HDYVISIV SILIEVIA
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Out-of-pocket expenses in top 5 most represented countries
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Fig. 2 - Overview of Out-of-Pocket Expenses in the top 5 most represented countries. (A) Violin plot of self-reported Out-of-
Pocket Expenses (X-axis) indicated in USD (pseudocount: +1, log-scale), for testing strips, glucagon kit, devices and insulin (Y-
axis). The strips category (pink) includes both blood glucose testing strips and ketone testing strips. The devices category
(orange) comprises insulin pumps and continuous glucose monitors. The insulin category (green) encompasses short-acting,
long-acting, mixed-types, and other types of insulins. Violin ticks indicate quantiles and areas are proportional to the
number of responses. (B) Density distribution of Out-of-Pocket Expenses (X-axis, organized as in A) per healthcare coverage
type (colors) in the top 5 most represented countries (rows). (C) Density distribution of Out-of-Pocket Expenses (X-axis,
organized as in A) per country (colors). (D) Breakdown of Out-of-Pocket Expenses (organized as in A) per expense category
(columns), country (rows), and healthcare coverage (bar colors). Y-axis indicates the number of respondents. (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

expenses by all factors considered above (country, health-
care coverage, and category of expenditure) (Fig. 2D). This
led to the confirmation that most participants with full
healthcare coverage originated from the UK and reported
virtually no OoPEs (Fig. 2D). While most respondents with
partial healthcare coverage reported OoPEs in the vicinity
of 100 USD per month, a considerable number also
reported 0 USD in the US and Canada. We note that insu-
lin and test strips were the two categories for which the
highest number of reported OoPEs were incurred, indepen-
dently of healthcare coverage and country of origin. The
great majority of participants reporting to be without
any healthcare coverage were based in the Philippines
and Ghana.

3.3. Impact of the COVID-19 pandemic

Participants were asked whether their access to insulin and
diabetes supplies was affected by the COVID-19 pandemic.
All five aforementioned countries had at least half of the par-
ticipants reporting an impact of the COVID-19 pandemic, a
proportion even higher in Ghana and Philippines (Fig. 3A).
Specifically, the most reported COVID-19 impact was a disrup-
tion of supply (63.2%, N = 203), and a considerable fraction of
participants reporting disruption to their insulin supplies also
reported an increase of insulin price (25.3%, N = 203), most
frequently in Ghana. Insulin access issues as a consequence
of COVID-19 were mostly observed in Ghana and the Philip-
pines (Fig. 3B).
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Fig. 3 - Impact of the COVID-19 pandemic in the top 5 most represented countries. (A) Overview of respondents (Y-axis,
percent) in the top 5 most represented countries (X-axis) reporting an impact of the COVID-19 pandemic. (B) Detail of COVID-
19 pandemic impact categories (‘Yes’ answer in A) in the top 5 most represented countries (bar colors). Y-axis shows the

percentage of responses.

3.4.  Rationing of insulin and blood glucose testing

To examine cost-related underuse of medication, we then
analyzed the extent of rationing of insulin and blood glucose
testing strips. All countries considered, rationing of blood glu-
cose testing strips (41.3%, N = 721) was higher than rationing
of insulin (25.9%, N = 779). A significant increase of underuse
frequency was associated with lower healthcare coverage for
both insulin intake (y? [df = 2, N = 776] = 29.0, adjusted
P = 4.8e-7) and blood glucose testing alike (x? [df = 2, N = 716
] = 54.9, adjusted P = 1.16e-12), with moderate effect sizes as
indicated by Cramer’s V coefficients of 0.19 and 0.27, respec-
tively (Fig. 4A). A similar trend was observed in relation to
country income-level (categorized as low, middle, or high) with
the underuse frequency of blood glucose testing (¥ [df = 2,
N = 704] = 62.87, adjusted P = 2.22e-14, Cramer’s V: 0.29)
and, though to a much lower extent, insulin intake (x?
[df =2, N = 756] = 11.17, adjusted P = 0.037, Cramer’s V: 0.11)
(Fig. 4B).

In the five most represented countries (Fig. 4C), responses
from the UK demonstrated no insulin underuse (0%, N = 24)
and the lowest rationing of testing strips (13%, N = 23), closely
followed by Canada with 11.5% (N = 26) and 25% (N = 24),
respectively. In contrast, rationing in the US was well above
25% for both insulin intake (29.8%, N = 483) and blood glucose
testing (39.8%, N = 447), a situation only met in the Philippines
(29.4% and 70.6% respectively, both N = 17) and Ghana other-
wise (51.6%, N = 31; and 90.9%, N = 33). Philippines and Ghana
were the countries with the most reported insulin or blood
glucose testing underuse, with Ghana being the sole country
reporting a majority of respondents underusing both insulin
and blood glucose testing.

4, Discussion

The main strengths of this study resides in its international
breadth and its focus on costs associated with T1D manage-

ment: To the best of our knowledge, this is the first study to
cross-nationally compare OoPEs associated with diabetes
medications and how costs impact self-management beha-
viours. Notably, the design of the survey was patient-led
and the majority of people involved in the creation and anal-
ysis of the study are living with diabetes. The self-reported
nature of the survey also brings insights into how these per-
ceptions of incurred costs impacts on self management prac-
tices, both through the quantitative data and also through
qualitative data gathered in an open text box (Supplementary
Data 2). Generally, the greater the extent of coverage of
diabetes-related expenses by the state or health insurance,
the less likely insulin rationing and underuse was reported.
This study highlights the importance of healthcare coverage
and its direct effect on unhealthy and dangerous behaviors
associated with insulin rationing.

This study reports unequal access to insulin and other
diabetes-related supplies by people living with type 1 diabetes
worldwide. 1,066 participants from 64 countries took part in
the study, and one out of every four respondents reported
having underused or rationed their insulin at least once
within the last year due to high cost. The large differences
between the US and other high-income countries, in terms
of insulin and blood glucose testing rationing, as well as over-
all costs, were particularly striking. This may be partly
explained by the fact that the majority (92.1%) of US respon-
dents had access to partial coverage of their healthcare costs.
Findings for the number of people with T1D in the US who
had rationed insulin in the past year (29.8%) aligns with find-
ings from previous studies on insulin underuse [12]. Indeed,
the circumstances for US people living with T1D appeared
to be on par with most lower-middle income countries in
the extent to which cost related insulin underuse was
reported by participants. In contrast, insulin underuse is vir-
tually non-existent in the UK.

In terms of the global south, the majority of respondents
from the Philippines and Ghana reported to be without any
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Fig. 4 - Underuse of insulin and blood glucose testing. (A) Worldwide overview of rationing frequencies (bar colors) for i) not
testing blood glucose levels (top), and ii) rationing/skipping insulin due to cost (bottom), divided by healthcare coverage types
(Y-axis). X-axis indicates the percentage of responses. (B) Organized as in A but with Y-axis denoting country income level. (C)
Detail of rationing frequencies (bar colors) in the top 5 most represented countries (columns). Y-axis indicates the
percentages of responses. X-axis shows the categories of rationing as in A, but grouped into ‘No’ (Never) and ‘Yes’ (any

positive frequency).

healthcare coverage. From this observation naturally results
a lower priority of glucagon kits, pumps, and Continuous
Glucose Monitoring (CGM) devices for diabetes manage-
ment, a priority that might be confounded with difficulty
of access, as recently reported [21]. The impact of COVID-
19 on access to insulin and supplies was also prevalent.
Across the five most represented countries in this survey,
approximately half of respondents noted the impact of
the pandemic on their supply access, with most (63.2%)
noting that access had become more difficult. This per-
ceived insulin supply disruption and increased cost might
be in part related to difficulty accessing medical personnel
during the pandemic.

Unmistakable trends were observed in the relationship
between underuse, healthcare coverage, and to some extent
country income-level. In the UK, a high-income country,
instances of insulin underuse were virtually nonexistent. This
may be partly explained by the universal healthcare coverage
model of the National Health Service (NHS) whereby medica-
tion costs incurred by patients are largely reimbursed by the

state, thus for the most part eliminating the need for any
(cost-related) underuse of insulin. By contrast, insulin under-
use was common in most low-income countries and many
middle-income countries alike, in addition to the unique sit-
uation of the United States which was an outlier among high
income countries. The paradoxical situation of the US could
be linked with the lack of Universal Health Coverage and that
healthcare delivery is predominantly based on private insur-
ance, or tied to employment. This generates an insulin under-
use tendency among those who are unemployed (or employed
without an adequate insurance package). Consequently, this
contributes to socioeconomic inequalities in diabetes out-
comes, as evidenced by the large number of people with dia-
betes who are uninsured in the US [22] and several deaths due
to unaffordable insulin [23]. Among the US participants who
reported having adequate health insurance in this study,
many expressed feeling trapped within their current employ-
ment and unable to move on to a new role, fearing the loss of
health insurance plan (see Supplementary Data 2). How the
imperative to secure adequate health insurance affects career
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and life trajectories of those living with diabetes in the US,
and other countries with only partial health coverage, is wor-
thy of future inquiries.

Importantly, we note that, even within the NHS, recent
restrictions around access to test strips introduced as part
of government cost-containment measures are giving rise to
rationing among people living with diabetes [24]. The conse-
quences in terms of ability to successfully manage diabetes
is unknown. Furthermore, there is also evidence of growing
inequalities in access to state-of-the-art technologies such
as CGM and insulin pumps, even within countries with uni-
versal systems of healthcare provision, which may lead to
the exacerbation of inequalities in diabetes outcomes in the
future [25,26].

We note that this survey encountered several limitations,
the most prominent of which was the low number of respon-
dents outside the US. Also, marginalized individuals and
communities are likely under-represented due to Internet
access requirements to complete this survey. Similarly,
respondents must have been engaged with online activities
or organizations focusing on diabetes care and probably
demonstrate a proactive attitude in diabetes self-
management practices. The survey was only disseminated
in English. We acknowledge the existence of reasons for insu-
lin underuse other than access and costs, such as allergic
reactions [27], insulin purging [28], hypoglycemia anxiety
[29], and mental health-related aspects, which have not been
captured in this study. Additionally, precise standards of care
vary widely across nations and specificities are beyond the
scope of this study. Future research should more deeply
explore OoPEs for people with diabetes in low-income coun-
tries, rural areas, and communities without internet access
or high literacy or English language rates. It should also
address access to diabetes education, specialty care, HbAlc
testing, screening for diabetes-related complications, and
psychosocial support, in addition to access to medication
and tools.

In conclusion, insulin and supply underuse are issues of
global concern. These issues have only been exacerbated by
the global COVID-19 pandemic. The cost of insulin and other
necessities for people with T1D should be reduced to ensure
standard of care, minimize disease burden, and meet health
needs. This study highlights that while there are many factors
that impact physical and mental health of people with T1D,
reducing the cost of insulin and supplies would decrease
instances of insulin and supply underuse, and therefore
diabetes-related health complications and mortality. Finally,
this study adds to limited international evidence on OoPEs
of people living with T1D, and its effect on diabetes manage-
ment practices. These findings will help to inform and remind
healthcare providers, policymakers, politicians and health
service planners of the importance of equal access to this
life-saving medicine.
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