Diabetologia (2021) 64:954-962
https://doi.org/10.1007/s00125-020-05375-2

REVIEW ™

Check for
updates

A global perspective on the issue of access to insulin

David Beran'® - Maria Lazo-Porras @ - Camille M. Mba3*@® - Jean Claude Mbanya®

Received: 3 September 2020 / Accepted: 3 December 2020 / Published online: 23 January 2021
© The Author(s) 2021

Abstract

The discovery of insulin in 1921 changed the prognosis for people with type 1 diabetes. A century later, availability and
affordability of insulin remain a challenge in many parts of the globe. Using the WHO’s framework on understanding the life
cycle of medicines, this review details the global and national challenges that affect patients’ abilities to access and afford insulin.
Current research and development in diabetes has seen some innovations, but none of these have truly been game-changing.
Currently, three multinational companies control over 95% of global insulin supply. The inclusion of insulin on the WHO’s
Prequalification Programme is an opportunity to facilitate entry of new companies into the market. Many governments lack
policies on the selection, procurement, supply, pricing and reimbursement of insulin. Moreover, mark-ups in the supply chain
also affect the final price to the consumer. Whilst expenses related to diabetes are mostly covered by insurance in high-income
countries, many patients from low- and middle-income countries have to pay out of their own pockets. The organisation of
diabetes management within the healthcare system also affects patient access to insulin. The challenges affecting access to insulin
are complex and require a wide range of solutions. Given that 2021 marks the centenary of the discovery of insulin, there is need
for global advocacy to ensure that the benefits of insulin and innovations in diabetes care reach all individuals living with
diabetes.

Keywords Developing countries - Diabetes mellitus - Health services accessibility - Insulin - Review

Abbreviations Introduction

EML  Essential Medicines List

LMIC Low- and middle-income country The year 2021 marks a momentous milestone for the diabetes
NCD  Noncommunicable disease community, with the centenary of the discovery of insulin.
PHC  Primary healthcare Insulin’s discovery by Banting and Best at the University of
R&D  Research and development Toronto (ON, Canada) in 1921 meant that type 1 diabetes
SDG  Sustainable development goal went from being a death sentence to a manageable chronic
UHC  Universal health coverage condition. Leonard Thompson was the first person to receive

insulin as a treatment for type 1 diabetes in 1922 in Canada.
That same year, Elliot Joslin stated, ‘A new race of diabetics
[people with diabetes] has come upon the scene’ [1] due to the
discovery of insulin. Later, in 1925, in his book ‘A diabetic
life’ [2], Robert D. Lawrence declared, ‘Now modern discov-
eries, particularly insulin, have completely changed the
outlook. There is no reason why a diabetic [person] should
not, if he can be taught to do so, lead a long normal life’.
However, these initial positive views on the prospects of
insulin therapy in the 1920s are in harsh contrast to the reality
that many people with diabetes face some 100 years later,
specifically owing to lack of access to insulin. Basu et al. [3]
found that, globally, in individuals with type 2 diabetes, one in
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two people had access to the insulin they needed; whilst in sub-
Saharan Africa, this number was found to be to only one in
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seven people, highlighting the impact of poor health systems,
and lack of access to insulin and other tools necessary for
diabetes management, on the effective delivery of diabetes care.

Global barriers to insulin access

In 2016, the former Director-General of the WHO declared that
‘people with diabetes who depend on life-saving insulin pay the
ultimate price when access to affordable insulin is lacking’ [4].
A study in 13 low- and middle-income countries (LMICs),
published in 2019, found that mean availability of insulin was
55-80% in facilities that should have had insulin available on
the day of study [5]. Furthermore, in looking at standardised
prices per 10 ml vial of 100 U insulin in this study, the median
price governments pay (the government procurement price) for
human insulin was shown to be US$5, with analogue (long-
acting) insulin being 6.6 times more expensive. Across public
and private pharmacies and private hospitals, the median price
that an individual has to pay for human insulin is US$9 [5].
Clearly, in LMICs, these prices are out of reach for most indi-
viduals; however, the affordability of insulin is also an issue in
high-income countries [6—8]. The WHO’s framework on
understanding the life cycle of medicines [9] provides a useful
model for understanding the complexity of the barriers to access
to insulin that are present globally (Fig. 1).

Research and development and innovation The first compo-
nent of the WHO framework [9] is research and development
(R&D) and innovation. In a study in 2016, Kaplan and Beall
looked at insulin-related patents to assess R&D and innova-
tion and found that no patents existed for human insulin and
many patents for analogue insulins expired in 2015 for prod-
ucts already on the market [10]. Most of the patents were filed
by large multinational companies, with a few of the patents
identified being from companies in China and India. In the
USA, more than half of patents were found to be for insulin-
delivery devices rather than insulin itself [11].

The transition from animal to human and then analogue
insulin is seen as an innovation [12], but one that comes at a
higher price [13, 14]. Some innovations in modes of adminis-
tration of insulin (inhalable or oral insulin) have not shown
any success [15, 16]. The promising so-called ‘smart insulin’
or glucose-responsive insulin that would reduce the risk of
hypoglycaemia associated with insulin’s use is one innovation
that is currently in the pipeline [17].

Manufacturing In looking at the manufacturing of insulin, two
factors need to be considered: (1) insulin is a complex biolog-
ical product that requires specific expertise to manufacture in
order to ensure a high quality, safe and efficacious product [6];
(2) at present, the manufacturing of insulin is concentrated in
three large multinational companies—Eli Lilly, Novo Nordisk
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Fig. 1 Schematic of WHO framework on understanding the life cycle of
medicines [9]. This framework provides the key elements from a medi-
cine’s discovery until it is used by an individual, highlighting key barriers
along this pathway. This figure is available as part of a downloadable
slideset

and Sanofi (known as ‘the big three’). Eli Lilly, Novo Nordisk
and Sanofi have a 96% share of the insulin market by volume
and hold 99% of the market by value [6]. Other insulin
manufacturing companies have been identified, including
producers in India and China [18], but their current impact
on the global market is negligible. In parallel to industrial
production, so-called ‘biohackers’ are attempting to provide
an open-source method for the production of insulin to possi-
bly lower the costs of production, as well as increase compe-
tition [19]. Gotham et al. [20] estimated that the cost of
production for human insulin for a 10 ml 100 U vial would
be between US$2.28 and US$3.42, whilst the cost of
manufacturing most formulations of analogue insulin was
slightly higher (US$3.69-6.34), with the exception of insulin
detemir, with costs of production of US$13.47-17.35. In
comparing the median government procurement prices in
different countries with the cost of production, procurement
prices were found to range from 1.8 to 2.6 times higher than
production costs for human insulin, and 2.0 to 9.3 times higher
than production costs for analogue insulin (Fig. 2).

Marketing and registration All medicines are required to have
marketing authorisation and must be registered by a national
regulatory agency before placement on the market. This
requires scientific evaluation of the product to ensure that it
meets specific standards of safety, efficacy and quality [21].
For biological products, such as insulin, this process is more
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Fig. 2 Costs of production and government procurement, and public and
private sector patient prices for human and analogue insulin, based on 43
countries. Data for cost of production from [20]; data for government

complex than for chemical entities. For biosimilars, generics
of biological products, the process of regulatory assessment is
demanding and includes the need for clinical trials [22]. These
requirements affect the cost of insulin and the entry of
biosimilar products into the market.

In parallel to the complex process that is needed for insulin
manufacturers to produce and get their products approved by
regulatory agencies, there is also the challenge that many
regulatory agencies in LMICs do not have the technical capac-
ity to assess the data in the dossiers prepared for biological
products. To address this, the WHO developed the
Prequalification Programme in 2001, mainly in response to
HIV/acquired immune deficiency syndrome (AIDS), to assess
the quality of anti-retroviral products. The WHO announced
the launch of prequalification for insulin in November 2019
[23]. This allows any producer of insulin to submit their prod-
uct for regulatory review by the WHO. Through this process,
competition in the insulin market will hopefully be increased
whilst ensuring safety and efficacy of products for govern-
ments and their populations.

Selection, pricing and reimbursement Just because a medicine
meets regulatory standards, this does not necessarily mean
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procurement costs and public and private sector patient prices from
[60]. This figure is available as part of a downloadable slideset

that it is selected and used. The WHO’s Model Essential
Medicines List (EML) is aimed at guiding individual countries
with regard to their decisions on their choice of medicines, and
only includes guidance on soluble and intermediate-acting
insulin in vial form [24]. Although long-acting insulin
analogues were put forward for inclusion on this list in
2019, they were not included because the ‘available evidence
shows efficacy and safety advantages of analogues compared
to human insulin which are insufficiently large to justify the
cost differential that continues to exist.” [25] For analogues to
be considered an essential medicine and included in the WHO
EML, more evidence is needed on their effectiveness, as well
as a decrease in their price [26].

For pricing of medicines, different countries have different
policy measures for both the system and individuals [27]. For
example, in Europe, these processes include health technology
assessments to help determine the ‘therapeutic value’ of a
medicine, referencing pricing, value-based pricing (price
established based on ‘added therapeutic value’), policies
encouraging the uptake of generic products and tendering at
different levels of the health system [28]. Such measures do
not exist in many LMICs [27] meaning that, as in the USA,
prices are free to be set by the ‘market’. This can result in
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increasing prices of insulin, as has been seen in the USA [29],
due to a lack of government control on medicine pricing.
Figure 2 shows the prices for government procurement of
insulin (per 10 ml vial of 100 U insulin), which range from
US$2.2 to US$43.5 for human insulin and US$6.9 to US$81.7
for analogue insulin.

In many LMICs, the price of insulin is paid for in full by an
individual [27] or, in some contexts, subsidies are in place
[30]. In contrast, in most high-income countries, a variety of
government-funded or insurance schemes provide some form
of financial protection, either ensuring that insulin is provided
for free to the individual or, at least, that the person does not
bear the full cost [27, 28].

Procurement and supply Pricing policies and approaches taken
by governments will affect how medicines are procured. In most
LMIC:s, insulin is purchased via centralised tenders for the public
sector [31]. In the private sector, this is done via wholesalers and
private pharmacies. Another source of insulin includes donation
programmes, such as Life for a Child or Novo Nordisk’s
Changing Diabetes in Children [32]. Although these initiatives
have had a positive impact for individuals with type 1 diabetes,
they have not been integrated into the formal health system,
which raises issues of sustainability [32].

Once insulin is procured, dependent on the sector and
health system, the price difference between the government
procurement price and patient price might increase due to
import tariffs, storage costs, transportation costs, dispensing
fees, sales taxes and other fees. These mark-ups also apply at
different stages of the supply system in the private sector. Ball
et al. [33] found that these mark-ups cumulatively equalled
8.7-47.7% of the manufacturer’s selling price for locally
produced insulin and 10.0%—565.8% for imported insulins.
It is important to note that, beyond price, a variety of
geographical and health system factors can have an impact
on access to insulin, such as distance of the patient to
healthcare facilities [31].

Prescribing The prescribing of insulin is affected by the orga-
nisation of care and where in the health system (e.g. in the
hospital or in primary healthcare [PHC]) people can receive
their diabetes care. For example, in Vietnam, access to insulin
is mainly provided in major urban areas and in hospitals [34].
In some contexts, only specialists are able to prescribe insulin
[30]. At PHC level, there is often a lack of experience and
expertise, gaps in knowledge, fear of hypoglycaemia, missing
guidelines and even fear of prescribing insulin [35, 36].
Additional challenges to insulin prescribing include the fact
that some health professionals no longer know how to use
human insulin as they have received their training in contexts
where only analogue insulin is used [37] and the possible
impact that the pharmaceutical industry might have on
prescribing decisions of doctors [38, 39].

Dispensing Dispensing, or the provision of insulin by the
health system to an individual, faces two clear challenges in
many LMICs [30, 31, 34]: (1) the often-large distance
between communities and health facilities that provide diabe-
tes care; and (2) the fact that insulin prescriptions may only be
available from secondary or even tertiary healthcare facilities.
Beyond these factors, there is also the issue that the insulin
may not be available in the pharmacy when the individual
goes to get it. For example, in Peru, although insulin is
supposed to be available in the public sector, it is frequently
unavailable, resulting in people going to the private sector,
where insulin is more expensive [40]. Data from a variety of
countries show that median patient prices for human insulin in
the private sector are 2.2 times higher than in the public sector
(Fig. 2). In addition, in 13 countries in sub-Saharan Africa
[41-45], poor availability of insulin has been found in both
the public and private sectors (Fig. 3), as well as at different
levels of the health system, with, for example, insulin being
more highly available in hospitals than in PHC settings. The
WHO'’s global action plan on noncommunicable diseases
(NCDs) [46] comprises a target of 80% availability of essen-
tial medicines, which includes insulin; of the 13 countries
studied in sub-Saharan Africa [41-45], only two met this
target in the public sector and one met it in the private sector

(Fig. 3).

Insulin use As noted by Holden et al. [47], in 1991, in the UK
most insulin was used by people with type 1 diabetes. The use
of insulin has increased globally, mainly due to the rising
prevalence of type 2 diabetes [8, 47], and will continue to do
so [3]. With this overall increase in use, a parallel increase in
the use of analogues has also been seen [6]. High insulin
prices mean that some people are not able to afford insulin
and, therefore, either forego or economise their insulin use by
not taking a full dose [6, 48]. Use of insulin is also influenced
by the patient’s socioeconomic status, poor knowledge of
diabetes, traditional beliefs, use of traditional medicine [35]
and misperception of insulin as a ‘last resort’ therapy [49].
Basu et al. [3] also highlight that overuse of insulin can have
a negative impact on disability-adjusted life years, especially
in older populations.

Beyond insulin

Since insulin needs to be injected, access to syringes or other
delivery devices are essential for insulin therapy and are often
not available and affordable [30]. Availability and affordabil-
ity of diagnostic tests in healthcare facilities and glucose
meters for self-monitoring of blood glucose was found to be
poor in many LMICs [30, 50]. Ogle et al. [51] looked at a
variety of LMICs and found that the annual median cost for
the management of diabetes (insulin, blood glucose meters,
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Fig. 3 Availability of insulin in the public and private sectors in a variety of countries in sub-Saharan Africa. Availability was measured as insulin being
present in a facility (public or private) on the day of the study visit. Data derived from [41—45]. This figure is available as part of a downloadable slideset

test strips, syringes and HbA . tests) was US$533 (range:
US$255 in Pakistan to US$1185 in Burkina Faso). Beyond
these tools, a variety of health system factors are needed for
the management of diabetes and these are particularly lacking
in LMICs. The health system response for NCDs (including
diabetes) proposed by the WHO focuses on PHC [46] and
lacks a clear focus on access to medicines and health products
and overall integrated health system responses [52]. In addi-
tion, other barriers to diabetes care are present, such as lack of
healthcare worker training and shifting certain roles in diabe-
tes management from doctors to nurses and other healthcare
professionals, ill-adapted organisation of care, poor availabil-
ity of tailored patient education materials and approaches rele-
vant to the contexts and realities of people living in LMICs,
lack of an active role of national diabetes associations in shap-
ing diabetes care and policy, and lack of overall resources
allocated to diabetes [53]. These various factors that impair
diabetes care result in a low or decreased life-expectancy for
people with type 1 diabetes [42, 48] and a gap in access to
insulin for people with type 2 diabetes, which, in turn, can lead
to excess morbidity and mortality.

Summary

Access to insulin is truly a global challenge, with a wide range
of issues that impact on an individual’s capacity to find and
afford the insulin they need for their survival (Fig. 4). The fact
that the insulin market is concentrated by three multinational
companies affects the global market and has ramifications at a
country level [6] . True innovation is lacking with regard to
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insulin and the delivery of diabetes care [14]. Regulatory
requirements for insulin need to be stringent enough to protect
the population from substandard medicines without being a
barrier to market entry. The inclusion of insulin on the WHO
Prequalification Programme [23] should be seen as a major
advance in improving access to insulin in LMICs by allowing
other insulin manufacturers entry into the market.

Insulin provides an interesting example of how evidence
has not been adequately used to guide clinical practice.
Despite analogue insulin not being included in the WHO
Model EML, its uptake has been substantial despite its higher
price [6, 14, 24]. This change in practice has an impact on the
cost of diabetes management for both the individual and the
health system. In addition, pricing policies and mark-ups with-
in the health system and supply chain affect the overall finan-
cial burden of diabetes management [6, 30, 33].

Beyond the actual access to insulin, a variety of health
system factors further hamper access to care; these include
diabetes care being provided at hospitals vs in PHC, lack of
knowledge and expertise of health professionals with regard
to insulin therapy, and availability and affordability of
diabetes-related supplies [30, 34, 40]. These health system
factors can also have an impact on the overall cost of diabetes
management, with individuals needing to pay for travel from
their home to a facility where insulin is present or only being
able to access this medicine in the private sector at higher
prices [5, 30, 34, 40]. Although donation programmes have
shown some success in demonstrating that, if access to insulin
is improved, type 1 diabetes does not need to be a death
sentence in LMICs, these programmes need to be better inte-
grated into the health system [32].
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Fig. 4 Summary of barriers and solutions to overcome these to improve access to insulin. This figure is available as part of a downloadable slideset

At a global level, the United Nations’ sustainable develop-
ment goals (SDGs) [54] include targets on NCDs, access to
medicines and universal health coverage (UHC), which
should guide the global response to diabetes [46]. For type 1
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diabetes, many countries do not necessarily provide full
coverage for insulin and diabetes supplies within the context
of UHC [55]; should these be provided in a comprehensive
way, this could have an impact on mortality [56]. To date, the
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global response to diabetes has mainly focused on prevention
rather than diabetes care and access to medicines [57]. Both
globally and nationally, a lack of leadership, civil society
mobilisation and guiding institutions has meant that the issue
of access to insulin has not been comprehensively addressed
[7]. The launch of the Global Diabetes Compact by WHO in
November 2020 [58] is a positive step; however, the content
and approach of this initiative still needs to be defined.

All solutions for improving access to insulin (Fig. 4) need
to have people with diabetes playing a key role, both being
driven by people with diabetes and being designed with
people with diabetes in mind. They must also include innova-
tions that decrease global inequalities. Different players will
need to be involved, including the WHO, diabetes associa-
tions, academia and the private sector. International support
is needed to advance WHO prequalification, strengthen
national regulatory agencies, and improve processes
surrounding the selection, pricing, reimbursement, procure-
ment and supply of insulin. For these aspects, the WHO plays
a crucial role in supporting its member states. The WHO or
other organisations within the United Nations can also devel-
op a pooled procurement mechanism for insulin and diabetes
management-related supplies. In addition, global clinical and
scientific diabetes societies have a role in the development of
context-appropriate and conflict-of-interest-free guidelines
and training. National governments can develop comprehen-
sive policies on selection and pricing of products for diabetes
management, ensure insulin and other diabetes supplies are
included in UHC packages and remove or regulate mark-ups
within the supply chain. Overall, health systems and the way
in which diabetes care is delivered needs to be strengthened,
ensuring that it is centred on the needs of people with diabetes.

The private sector has a clear mandate, which is included in
the SDGs and can play a role in addressing the challenge of
access to insulin. Initiatives should focus on creating true part-
nerships with other players (as is the case in other areas of
health [59]) and addressing the issue of the price of insulin in a
sustainable way. As aforementioned, one area that needs to be
further strengthened at a national and global level is civil soci-
ety mobilisation. Although global and national diabetes orga-
nisations exist and provide training, guidelines and education,
so far, they have failed to materialise into a truly global move-
ment and ensure that the voice of people with diabetes is
heard. The centenary of insulin offers a policy window for
this to happen and shape the future of access to insulin and
diabetes care globally.

Supplementary Information The online version contains a slideset of the
figures for download, which is available at https://doi.org/10.1007/
s00125-020-05375-2.

Acknowledgements The authors would like to thank the peer-reviewers
for their comments and feedback.

@ Springer

Funding DB and MLP are part of the Addressing the Challenge and
Constraints of Insulin Sources and Supply (ACCISS) study, which is
funded by The Leona M. and Harry B. Helmsley Charitable Trust. The
findings and conclusions in this report are those of the authors and do not
necessarily represent the official position, policy or views of the Helmsley
Charitable Trust. MLP is also funded by a Swiss Excellence Government
Scholarship.

Authors’ relationships and activities The authors declare that there are
no relationships or activities that might bias, or be perceived to bias, their
work.

Contribution statement DB developed the initial concept for this paper
with input from all co-authors. DB and MLP drafted the first version, with
critical revision for important intellectual content by JCM and CMM. All
authors approved the version to be published.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Gale EA (2005) Type 1 diabetes in the young: The harvest of
sorrow goes on. Diabetologia 48(8):1435-1438. https://doi.org/
10.1007/s00125-005-1833-0

2. Lawrence RD (1965) The diabetic life, 17th edn. J & A Churchill
Ltd, London

3. Basu S, Yudkin JS, Kehlenbrink S et al (2018) Estimation of global
insulin use for type 2 diabetes, 2018-30: A microsimulation analy-
sis. Lancet Diabetes Endocrinol 7(1):25-33. https://doi.org/10.
1016/S2213-8587(18)30303-6

4. World Health Organization (2016) Global report on diabetes.
World Health Organization, Geneva

5. Ewen M, Joosse HJ, Beran D, Laing R (2019) Insulin prices, avail-
ability and affordability in 13 low-income and middle-income
countries. BMJ Glob Health 4(3):¢001410. https://doi.org/10.
1136/bmjgh-2019-001410

6. Beran D, Ewen M, Laing R (2016) Constraints and challenges in
access to insulin: A global perspective. Lancet Diabetes Endocrinol
4(3):275-285. https://doi.org/10.1016/S2213-8587(15)00521-5

7. Beran D, Hirsch IB, Yudkin JS (2018) Why are we failing to
address the issue of access to insulin? A national and global
perspective. Diabetes Care 41(6):1125-1131. https://doi.org/10.
2337/dc17-2123

8. Lipska KJ, Ross JS, Van Houten HK, Beran D, Yudkin JS, Shah
ND (2014) Use and out-of-pocket costs of insulin for type 2 diabe-
tes mellitus from 2000 through 2010. JAMA 311(22):2331-2333.
https://doi.org/10.1001/jama.2014.6316


https://doi.org/
https://doi.org/10.1007/s00125-005-1833-0
https://doi.org/10.1007/s00125-005-1833-0
https://doi.org/10.1016/S2213-8587(18)30303-6
https://doi.org/10.1016/S2213-8587(18)30303-6
https://doi.org/10.1136/bmjgh-2019-001410
https://doi.org/10.1136/bmjgh-2019-001410
https://doi.org/10.1016/S2213-8587(15)00521-5
https://doi.org/10.2337/dc17-2123
https://doi.org/10.2337/dc17-2123
https://doi.org/10.1001/jama.2014.6316

Diabetologia (2021) 64:954-962

961

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

World Health Organization (2018) WHO report on surveillance of
antibiotic consumption: 20162018 early implementation. World
Health Organization, Geneva

Kaplan WA, Beall RF (2016) The global intellectual property
ecosystem for insulin and its public health implications: An obser-
vational study. J Pharm Policy Pract 10:3. https://doi.org/10.1186/
s40545-016-0072-8

Luo J, Kesselheim AS (2015) Evolution of insulin patents and
market exclusivities in the USA. Lancet Diabetes Endocrinol
3(11):835-837. https://doi.org/10.1016/S2213-8587(15)00364-2
Borgono CA, Zinman B (2012) Insulins: past, present, and future.
Endocrinol Metab Clin N Am 41(1):1-24. https://doi.org/10.1016/
j.ecl.2012.03.002

Greene JA, Riggs KR (2015) Why is there no generic insulin?
Historical origins of a modern problem. N Engl J Med 372(12):
1171-1175. https://doi.org/10.1056/NEJMms 1411398

Beran D, Hirsch IB, Yudkin JS (2019) What is innovation in the
area of medicines? The example of insulin and diabetes. Diabet
Med 36(12):1526-1527. https://doi.org/10.1111/dme.14080
Owens DR, Zinman B, Bolli G (2003) Alternative routes of insulin
delivery. Diabet Med 20(11):886—898. https://doi.org/10.1046/j.
1464-5491.2003.01076.x

Gedawy A, Martinez J, Al-Salami H, Dass CR (2018) Oral insulin
delivery: Existing barriers and current counter-strategies. J Pharm
Pharmacol 70(2):197-213. https://doi.org/10.1111/jphp.12852
Wang J, Wang Z, Yu J, Kahkoska AR, Buse JB, Gu Z (2020)
Glucose-responsive insulin and delivery systems: Innovation and
translation. Adv Mater 32(13):¢1902004. https://doi.org/10.1002/
adma.201902004

Beran D, Laing RO, Kaplan W et al (2019) A perspective on global
access to insulin: A descriptive study of the market, trade flows and
prices. Diabet Med 36(6):726—733. https://doi.org/10.1111/dme.
13947

Gallegos JE, Boyer C, Pauwels E, Kaplan WA, Peccoud J (2018)
The open insulin project: A case study for 'Biohacked' medicines.
Trends Biotechnol 36(12):1211-1218. https://doi.org/10.1016/;.
tibtech.2018.07.009

Gotham D, Barber MJ, Hill A (2018) Production costs and potential
prices for biosimilars of human insulin and insulin analogues. BMJ
Glob Health 3(5):000850. https://doi.org/10.1136/bmjgh-2018-
000850

Rigo L, Santoso B (2008) Drug Regulation: History, Present and
Future. In: International Textbook of Clinical Pharmacology. 10S
Press, Amsterdam, pp 65-77

Perrin C, Ewen M, Beran D (2017) The role of biosimilar manu-
facturers in improving access to insulin globally. Lancet Diabetes
Endocrinol 5(8):578. https://doi.org/10.1016/S2213-8587(17)
30218-8

World Health Organization (2019) WHO launches first-ever insulin
prequalification programme to expand access to life-saving treat-
ment for diabetes. Available from: www.who.int/news-room/detail/
13-11-2019-who-launches-first-ever-insulin-prequalification-
programme-to-expand-access-to-life-saving-treatment-for-
diabetes. Accessed: 13 November 2019

World Health Organization (2019) World Health Organization
model list of essential medicines, 21st list, 2019. World Health
Organization, Geneva

World Health Organization (2019) The selection and use of essen-
tial medicines: report of the WHO Expert Committee on Selection
and Use of Essential Medicines, 2019 (including the 21st WHO
Model List of Essential Medicines and the 7th WHO Model List
of Essential Medicines for Children) (WHO Technical Report
Series, No. 1021). World Health Organization, Geneva

Beran D, Hemmingsen B, Yudkin JS (2019) Analogue insulin as an
essential medicine: The need for more evidence and lower prices.

27.

28.

29.

30.

31.

32.

33.

34.

3s.

36.

37.

38.

39.

40.

41.

42.

43.

Lancet Diabetes Endocrinol 7(5):338. https://doi.org/10.1016/
S2213-8587(19)30111-1

Beran D, Pedersen HB, Robertson J (2019) Noncommunicable
diseases, access to essential medicines and universal health cover-
age. Glob Health Action 12(1):1670014. https://doi.org/10.1080/
16549716.2019.1670014

Vogler S, Paris V, Ferrario A et al (2017) How can pricing and
reimbursement policies improve affordable access to medicines?
Lessons learned from European countries. Appl Health Econ
Health Policy 15(3):307-321. https://doi.org/10.1007/s40258-016-
0300-z

Hua X, Carvalho N, Tew M, Huang ES, Herman WH, Clarke P
(2016) Expenditures and prices of Antihyperglycemic medications
in the United States: 2002-2013. JAMA 315(13):1400-1402.
https://doi.org/10.1001/jama.2016.0126

Beran D, Yudkin JS (2010) Looking beyond the issue of access to
insulin: What is needed for proper diabetes care in resource poor
settings. Diabetes Res Clin Pract 88(3):217-221. https://doi.org/10.
1016/j.diabres.2010.03.029

Beran D (2011) Improving access to insulin: What can be done?
Diabetes Management 1(1):67-76. https://doi.org/10.2217/dmt.10.
5

Hogerzeil HV, Recourt S (2019) The importance of insulin dona-
tions for children in 43 low- and middle-income countries. J Public
Health Policy 40(2):253-263. https://doi.org/10.1057/s41271-018-
00159-w

Ball D, Ewen M, Laing R, Beran D (2019) Insulin price compo-
nents: Case studies in six low/middle-income countries. BMJ Glob
Health 4(5):¢001705. https://doi.org/10.1136/bmjgh-2019-001705
Beran D, Higuchi M (2013) Delivering diabetes care in the
Philippines and Vietnam: Policy and practice issues. Asia Pac J
Public Health 25(1):92-101. https://doi.org/10.1177/
1010539511412177

Haque M, Emerson SH, Dennison CR, Navsa M, Levitt NS (2005)
Barriers to initiating insulin therapy in patients with type 2 diabetes
mellitus in public-sector primary health care centres in Cape Town.
S Afr Med J 95(10):798-802

Riddle MC (2002) The underuse of insulin therapy in North
America. Diabetes Metab Res Rev 18(Suppl 3):S42-S49. https://
doi.org/10.1002/dmrr.277

Lipska KJ, Hirsch IB, Riddle MC (2017) Human insulin for type 2
diabetes: An effective, less-expensive option. JAMA 318(1):23-24.
https://doi.org/10.1001/jama.2017.6939

Inoue K, Blumenthal DM, Elashoff D, Tsugawa Y (2019)
Association between physician characteristics and payments from
industry in 2015-2017: Observational study. BMJ Open 9(9):
¢031010. https://doi.org/10.1136/bmjopen-2019-031010
Karanges EA, Ting N, Parker L, Fabbri A, Bero L (2020)
Pharmaceutical industry payments to leaders of professional medi-
cal associations in Australia: Focus on cardiovascular disease and
diabetes. Aust J Gen Pract 49(3):151-154. https://doi.org/10.
31128/AJGP-08-19-5041

Cardenas MK, Miranda JJ, Beran D (2016) Delivery of type 2
diabetes care in low- and middle-income countries: Lessons from
Lima, Peru. Diabet Med 33(6):752-760. https://doi.org/10.1111/
dme. 13099

Beran D, Ewen M, Laing R (2015) Access to insulin: Current chal-
lenges and constraints. Health Action International, Amsterdam
Beran D, Yudkin JS (2006) Diabetes care in sub-Saharan Africa.
Lancet 368(9548):1689—-1695. https://doi.org/10.1016/S0140-
6736(06)69704-3

Beran D, Silva Matos C, Yudkin JS (2010) The Diabetes UK
Mozambique twinning Programme. Results of improvements in
diabetes care in Mozambique: A reassessment 6 years later using
the rapid assessment protocol for insulin access. Diabet Med 27(8):
855-861. https://doi.org/10.1111/j.1464-5491.2010.03053.x

@ Springer


https://doi.org/10.1186/s40545-016-0072-8
https://doi.org/10.1186/s40545-016-0072-8
https://doi.org/10.1016/S2213-8587(15)00364-2
https://doi.org/10.1016/j.ecl.2012.03.002
https://doi.org/10.1016/j.ecl.2012.03.002
https://doi.org/10.1056/NEJMms1411398
https://doi.org/10.1111/dme.14080
https://doi.org/10.1046/j.1464-5491.2003.01076.x
https://doi.org/10.1046/j.1464-5491.2003.01076.x
https://doi.org/10.1111/jphp.12852
https://doi.org/10.1002/adma.201902004
https://doi.org/10.1002/adma.201902004
https://doi.org/10.1111/dme.13947
https://doi.org/10.1111/dme.13947
https://doi.org/10.1016/j.tibtech.2018.07.009
https://doi.org/10.1016/j.tibtech.2018.07.009
https://doi.org/10.1136/bmjgh-2018-000850
https://doi.org/10.1136/bmjgh-2018-000850
https://doi.org/10.1016/S2213-8587(17)30218-8
https://doi.org/10.1016/S2213-8587(17)30218-8
http://www.who.int/news-room/detail/13-11-2019-who-launches-first-ever-insulin-prequalification-programme-to-expand-access-to-life-saving-treatment-for-diabetes
http://www.who.int/news-room/detail/13-11-2019-who-launches-first-ever-insulin-prequalification-programme-to-expand-access-to-life-saving-treatment-for-diabetes
http://www.who.int/news-room/detail/13-11-2019-who-launches-first-ever-insulin-prequalification-programme-to-expand-access-to-life-saving-treatment-for-diabetes
http://www.who.int/news-room/detail/13-11-2019-who-launches-first-ever-insulin-prequalification-programme-to-expand-access-to-life-saving-treatment-for-diabetes
https://doi.org/10.1016/S2213-8587(19)30111-1
https://doi.org/10.1016/S2213-8587(19)30111-1
https://doi.org/10.1080/16549716.2019.1670014
https://doi.org/10.1080/16549716.2019.1670014
https://doi.org/10.1007/s40258-016-0300-z
https://doi.org/10.1007/s40258-016-0300-z
https://doi.org/10.1001/jama.2016.0126
https://doi.org/10.1016/j.diabres.2010.03.029
https://doi.org/10.1016/j.diabres.2010.03.029
https://doi.org/10.2217/dmt.10.5
https://doi.org/10.2217/dmt.10.5
https://doi.org/10.1057/s41271-018-00159-w
https://doi.org/10.1057/s41271-018-00159-w
https://doi.org/10.1136/bmjgh-2019-001705
https://doi.org/10.1177/1010539511412177
https://doi.org/10.1177/1010539511412177
https://doi.org/10.1002/dmrr.277
https://doi.org/10.1002/dmrr.277
https://doi.org/10.1001/jama.2017.6939
https://doi.org/10.1136/bmjopen-2019-031010
https://doi.org/10.31128/AJGP-08-19-5041
https://doi.org/10.31128/AJGP-08-19-5041
https://doi.org/10.1111/dme.13099
https://doi.org/10.1111/dme.13099
https://doi.org/10.1016/S0140-6736(06)69704-3
https://doi.org/10.1016/S0140-6736(06)69704-3
https://doi.org/10.1111/j.1464-5491.2010.03053.x

962

Diabetologia (2021) 64:954-962

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

World Health Organization (2020) Service Availability and
Readiness Assessment (SARA). Available from: www.who.int/
healthinfo/systems/sara_reports/en/. Accessed: 23 August 2020
PATH (2015) Diabetes supplies: Are they there when needed?
PATH, Seattle, WA

World Health Organization (2013) Global action plan for the
prevention and control of noncommunicable diseases 2013-2020.
World Health Organization, Geneva

Holden SE, Gale EA, Jenkins-Jones S, Currie CJ (2014) How many
people inject insulin? UK estimates from 1991 to 2010. Diabetes
Obes Metab 16(6):553-559. https://doi.org/10.1111/dom.12260
Fralick M, Kesselheim AS (2019) The U.S. insulin crisis —
Rationing a lifesaving medication discovered in the 1920s. N
Engl J Med 381(19):1793-1795. https://doi.org/10.1056/
NEJMp1909402

Peyrot M, Rubin RR, Khunti K (2010) Addressing barriers to initi-
ation of insulin in patients with type 2 diabetes. Prim Care Diabetes
4(Suppl 1):S11-S18. https://doi.org/10.1016/S1751-9918(10)
60004-6

Klatman EL, Ogle GD (2020) Access to insulin delivery devices
and glycated haemoglobin in lower-income countries. World J
Diabetes 11(8):358-369. https://doi.org/10.4239/wjd.v11.i8.358
Ogle GD, Kim H, Middlehurst AC, Silink M, Jenkins AJ (2016)
Financial costs for families of children with type 1 diabetes in
lower-income countries. Diabet Med 33(6):820-826. https://doi.
org/10.1111/dme.12997

Acbischer Perone S, Jacquerioz Bausch F, Boulle P, Chappuis F,
Miranda J, Beran D (2020) Report of the WHO independent high-
level commission on NCDs: Where is the focus on addressing
inequalities? BMJ Glob Health 5:¢002820. https://doi.org/10.
1136/bmjgh-2020-002820

Atun R, Davies JI, Gale EAM et al (2017) Diabetes in sub-Saharan
Africa: From clinical care to health policy. Lancet Diabetes

@ Springer

54.

55.

56.

57.

58.

59.

60.

Endocrinol 5(8):622-667. https://doi.org/10.1016/S2213-8587(17)
30181-X

United Nations (2016) Sustainable Development Goals. Available
from: www.un.org/sustainabledevelopment/sustainable-
development-goals/. Accessed: 12 May 2020

Klatman EL, McKee M, Ogle GD (2019) Documenting and
visualising progress towards universal health coverage of insulin
and blood glucose test strips for people with diabetes. Diabetes Res
Clin Pract 157:107859. https://doi.org/10.1016/j.diabres.2019.
107859

Chan JCN, Lim LL, Warcham NJ et al (2020) The Lancet commis-
sion on diabetes: Using data to transform diabetes care and patient
lives. Lancet. https://doi.org/10.1016/S0140-6736(20)32374-6
Heller O, Somerville C, Suggs LS et al (2019) The process of
prioritization of non-communicable diseases in the global health
policy arena. Health Policy Plan 34(5):370-383. https://doi.org/
10.1093/heapol/czz043

WHO (2020) World Diabetes Day 2020: Introducing the Global
Diabetes Compact. Available from: www.who.int/news-room/
events/detail/2020/11/14/default-calendar/world-diabetes-day-
2020-introducing-the-global-diabetes-compact. Accessed: 19
November 2020

Beran D, Ewen M, Chappuis F, Reed T, Hogerzeil H (2017)
Pharmaceutical industry, non-communicable diseases and partner-
ships: More questions than answers. J Glob Health 7(2):020301.
https://doi.org/10.7189/jogh.07.020301

Ewen M, Joose HJ, Ashigbie P, Beran D, Laing R (2016) Insulin
Prices Profile. Health Action International, Amsterdam

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.


http://www.who.int/healthinfo/systems/sara_reports/en/
http://www.who.int/healthinfo/systems/sara_reports/en/
https://doi.org/10.1111/dom.12260
https://doi.org/10.1056/NEJMp1909402
https://doi.org/10.1056/NEJMp1909402
https://doi.org/10.1016/S1751-9918(10)60004-6
https://doi.org/10.1016/S1751-9918(10)60004-6
https://doi.org/10.4239/wjd.v11.i8.358
https://doi.org/10.1111/dme.12997
https://doi.org/10.1111/dme.12997
https://doi.org/10.1136/bmjgh-2020-002820
https://doi.org/10.1136/bmjgh-2020-002820
https://doi.org/10.1016/S2213-8587(17)30181-X
https://doi.org/10.1016/S2213-8587(17)30181-X
http://www.un.org/sustainabledevelopment/sustainable-development-goals/
http://www.un.org/sustainabledevelopment/sustainable-development-goals/
https://doi.org/10.1016/j.diabres.2019.107859
https://doi.org/10.1016/j.diabres.2019.107859
https://doi.org/10.1016/S0140-6736(20)32374-6
https://doi.org/10.1093/heapol/czz043
https://doi.org/10.1093/heapol/czz043
http://www.who.int/news-room/events/detail/2020/11/14/default-calendar/world-diabetes-day-2020-introducing-the-global-diabetes-compact
http://www.who.int/news-room/events/detail/2020/11/14/default-calendar/world-diabetes-day-2020-introducing-the-global-diabetes-compact
http://www.who.int/news-room/events/detail/2020/11/14/default-calendar/world-diabetes-day-2020-introducing-the-global-diabetes-compact
https://doi.org/10.7189/jogh.07.020301

	This link is 10.1007/s00125-1833-,",
	A global perspective on the issue of access to insulin
	Abstract
	Introduction
	Global barriers to insulin access
	Beyond insulin
	Summary
	References


