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Insulin was discovered in 1921 and soon became widely available in high-income
countries. However, many people currently in need of this life-saving medicine are
unable to access it. This is a global phenomenon, impacting not only populations of
low- and middle-income countries but low-income populations in the U.S. In the
U.S., the rate of diabetic ketoacidosis remains high in certain subpopulations, the
cost of insulin being the main precipitating factor. On a global level the main cause of
mortality for a child with type 1 diabetes is a lack of access to insulin, and in subSaharan Africa the life expectancy of a child with type 1 diabetes can be as low as
1 year. One lens for considering the issue of access to health and medicines is to
consider society as a three-legged stool. In this paradigm, the role of the public
sector is to provide “protections” to the population it serves; the private sector is
made up of “responsible businesses” that supply many of the goods and services
people need; and the plural sector comprises communities and not-for-proﬁts
providing the “social afﬁliations” that are needed. For HIV/AIDS, each of these
“legs” played a role in improving access. Civil society raised awareness of the issue
and advocated for access to treatment. Governments provided funding and
responses both nationally and globally. Finally, the private sector played its role,
under pressure from civil society and governments, in lowering the price of
medicines and developing programs to expand access. Here, we use this framework
to describe the shortcomings in access to insulin from a U.S. and global perspective.
Insulin was discovered in 1921 and soon became widely available in high-income countries
(HICs). However, many people currently in need of this life-saving medicine are unable
to access it (1). This is a global phenomenon, impacting not only populations of lowand middle-income countries (LMICs) but low-income populations in HICs as well. In the
U.S., the rate of diabetic ketoacidosis remains high in certain subpopulations, the cost of
insulin being the main precipitating factor (2,3). On a global level, the main cause of mortality for a child with type 1 diabetes is a lack of access to insulin (4), and in sub-Saharan
Africa the life expectancy of a child with type 1 diabetes can be as low as 1 year (5).
Access to medicines relates to issues of affordability and availability. A study of
health spending in the U.S. between 1996 and 2013 found that diabetes had the
highest expenditure of 155 conditions in 2013, at US$ 101.4 billion (6). For insured
adults in the U.S., out-of-pocket expenditures for insulin increased signiﬁcantly by 89%
between 2000 and 2010 (7). Medicaid reimbursement for insulin on a per-unit basis
increased by 7.9% per year between 1991 and 2004 (8). More recently, the increased
cost for diabetes to Medicare was 19.5%, primarily through increases in unit costs (9).
In LMICs the issue is not only whether people can afford their insulin but also whether
they can ﬁnd it within the health system. In countries where insulin had to be paid for
by the individual, the average cost was US$ 35.40 per year (range US$ 2.60–US$ 141.44)
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in the public sector and US$ 95.71 (US$
6.89–US$ 218.40) in the private sector
(1). On average, insulin was available in
56% of facilities in the public sector but in
only 39% in the private sector.
One lens for considering the issue of
access to health and medicines is to
consider society as a three-legged stool
(10). In this paradigm, the role of the
public sector is to provide “protections”
to the population it serves, the private
sector is made up of “responsible businesses” that supply many of the goods
and services people need, and the plural
sector comprises communities and notfor-proﬁts providing the “social afﬁliations”
that are needed. For HIV/AIDS, each of
these “legs” played a role in improving
access to care and medication. Civil society raised awareness on the issue and
advocated for access to treatment. Governments provided funding and responses
both nationally and globally. Finally, the
private sector played its role, under pressure from civil society and governments,
in lowering the price of medicines and
developing programs to expand access
(11–13). Here, we use this framework to
describe the shortcomings in access to
insulin from a U.S. and global perspective.
THE ROLE OF GOVERNMENTS

The role of the government is to protect
its citizens. When it fails in this role there
is an impact on society as a whole (14).
As such, it has moral, legal, and regulatory responsibilities toward its citizens,
improving their health while fulﬁlling
global commitments to health. The World
Health Organization (WHO) estimates that
countries need to spend a minimum of
US$ 44 per person per year to provide
basic health-related services to their
populations (15). In 2011, 26 LMICs spent
less than that amount, largely because of
limited government resources. The situation in HICs is less about the total amount
spent but rather its unequal distribution in
the population. Total U.S. health expenditure is 214 times the minimum amount
speciﬁed by WHO, but the U.S. has lower
health outcomes in comparison with other
HICs (16,17), which might be explained by
inequalities in the distribution of resources to certain groups (18,19).
International declarations and covenants
mandate “the creation of conditions which
would assure to all medical service and
medical attention in the event of sickness”
(20,21). Included in this principle is the
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issue of access to medicines. From these
global obligations more than 100 countries
have incorporated this “Right to Health”
in their national constitutions (22). To
translate these overarching statements
into practical realities requires an alignment of different policies as well as consideration of how health care is organized,
ﬁnanced, and provided (23). Although the
U.S. does not ensure coverage for all of
its population, the government has intervened in the past to improve access to
medicines (24).
Government regulations, such as intellectual property laws and imposition
of tariffs and taxes on medicines, also
impact access to medicines. In various
LMICs, hidden costs can increase the price
of a medicine by as much as 17-fold (25),
thus representing a supplementary burden on the individual or health system.
Regulation of the approval of pharmaceutical products is another responsibility
of governments. One area relevant to insulin
is the regulation of biosimilars (followon biologics). This requires regulatory
capacity, a legal basis (26), and guidelines
for health professionals and information
for the public. To date, regulation of biosimilars globally is not standardized and
continues to evolve (27), meaning that
the potential savings to health systems
and individuals have not yet materialized
(28,29).
These elements are part of the larger
role that governments can have in improving the health of their populations.
This includes the role of the government

as a funder of research (30). The government is also a purchaser and/or provider
of health care and thus is incentivized to
bring novel, and preferably cost-effective,
products to market. Most HICs, including
the U.S. through federally funded programs, have some form of direct or indirect price control on medicines (31).
Besides price controls, purchasing mechanisms such as tenders, which are widely
used in LMICs, can enable countries to
save money on the medicines they purchase, as this process shifts the power
to the purchaser. Mexico and Canadian
provinces have succeeded in this approach
(31). Many of these mechanisms lead to
lower prices for medicines in most HICs
in comparison with the U.S. (Fig. 1).
In HICs, access to services will be dependent on a variety of factors, including
population density and socioeconomic
factors of different populations. In LMICs,
urban-rural imbalances in care provision
(32,33) are further exacerbated by weak
health systems. Also of importance is the
ﬁnancial burden of care, including medicines, on the individual and the health
system.
Besides national obligations, governments also have global commitments
either through global “goals” or as donors. These global goals have shown some
success, for example, with the Millennium
Development Goals leading to improvements in maternal and child mortality
and the numbers receiving antiretroviral
treatment (34). The Sustainable Development Goals include health-related

Figure 1—Comparison between originator and biosimilar insulin glargine prices per 10 mL 100 international units (IU)/mL insulin equivalent (US$). References: Canada (101), France (price excluding
dispensing fee) (102), Japan (58), Korea (103), Sweden (104), Switzerland (ex factory price) (105),
U.K., (106), and U.S. (user price CVS Boston, MA) (107).
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indictors, access to medicines, universal health coverage, and speciﬁc mention of noncommunicable diseases (NCDs)
(35,36). Speciﬁcally, following a United
Nations (UN) High-level Meeting on
NCDs in 2011 (37), WHO, the UN agency
responsible for global health, developed
a Global Action Plan on NCDs (38). This
plan includes targets relative to access to
medicines. Through their participation in
these organizations and meetings, countries make commitments both to the
global community and to their populations to address these issues. However,
these commitments have not been translated into funding: between 1990 and
2014, only 1.5% of the US$ 458 billion
development assistance for health (onethird from the U.S.) was allocated to
NCDs (39). This translates into a lack of
focus and adequate response for diabetes and access to insulin.
A “RESPONSIBLE” PRIVATE SECTOR (?)

The main responsibility of the private
sector is to provide a return on investment
(14). In the case of several industries, this
may impact adversely on health, with
front groups, lobbyists, and research funding and donations employed to represent
the industries as positive “corporate citizens” (40). Unlike Big Food, Big Soda, or
Big Tobacco, Big Pharma provides commodities that are needed in order to improve health. In 2014, the 15 largest
global pharmaceutical companies had sales
of approximately US$ 527 billion (41). The
U.S. represented 58% of the total market
for new medicines, and Europe and Japan
a further 31% (42). Thus, the rest of the
world and the majority of the global population account for only 11% of the market
for new medicines. The global market for
insulin was valued at US$ 20.8 billion in
2012 (43). In the U.S. the value of insulin
sales in 2011 totaled US$ 8.3 billion, a
14.9% increase compared with 2010 (44).
The insulin market is unique in that
although insulin was discovered in 1921,
three multinational pharmaceutical companies (the “Big Three”) control 99% of
the insulin market value (96% of volume)
(45). This domination of the market has
led to both the disappearance of animal
insulin and the rapid upturn in the use of
analog insulin (1). Greene and Riggs (46)
describe how older insulins disappear
from the market without generating any
generic competition. In contrast to most
other medicines, the price of insulin in the

Beran, Hirsch, and Yudkin

U.S. has increased, while in LMICs it has
remained stable (7,8,25,47,48). Although
intellectual property is not an issue for
human insulin, and many of the current
analogs are already or will shortly be off
patent (49), an increase in the patents on
delivery devices is a concern (50).
Kessel (51) argues that the roles of
the pharmaceutical industry comprise improving health as well as generating profits for shareholders. Increasingly, a shift
has been seen to a focus more on proﬁts
and less on patient care and outcomes.
New developments in insulin have led to
marginal changes, but there have nevertheless been signiﬁcant increases in
price (46). These price increases cannot
be justiﬁed by higher production costs as
the processes for human and analog insulin are the same once the changes to
the insulin molecule have been made
for the analogs (52).
The Big Three do have various corporate social responsibility activities both
in the U.S. and globally, with differential
pricing in LMICs and patient assistance
programs in the U.S. Some donation
programs are supported by these companies, but policy analyses suggest that
such initiatives are neither sustainable
nor transparent and impact negatively
on improving access to medicines (53,54).
One way the pharmaceutical industry
is assessed as a “corporate citizen” is
through the Access to Medicine Index,
which looks at “how the top 20 researchbased pharmaceutical companies make
medicines, vaccines and diagnostics more
accessible” in LMICs (55). The Big Three
are ranked 6th (Sanoﬁ), 10th (Novo
Nordisk), and 17th (Eli Lilly) on this index.
The Big Three are not the only privatesector actors who have an impact on
the issue of access to insulin. Biosimilar
companies are also for-proﬁt enterprises
and can have a role to play in improving
access to insulin if they sell their products
at an affordable price (29,56). One of the
Big Three has launched its own biosimilar
insulin glargine, which has been approved
in the U.S. and Europe (57). To date the
only biosimilar insulin from other producers
to have received regulatory approval by
a highly stringent authority (Japan) is a
glargine biosimilar from an Indian company (58). In general, the increased competition from generic medicines results in
lower prices (59), but it is still too early to
tell the impact of biosimilars on the affordability of insulin (Fig. 1).

There are several intermediaries between producer and user that impact the
ﬁnal price of insulin. In the U.S., pharmacy beneﬁt managers (PBMs) are responsible for managing the prescriptions
for private health insurance (commercial
and individual), Medicare recipients, and
federal and state government employees
(30), and have contributed to increasing
medicine costs in the U.S. (60). PBMs are
able to get rebates which can account
for as much as 50% of the list price for
insulin, but it is not clear if these savings
are passed on to patients (61,62). These
organizations are also big businesses,
with the top three PBMs generating over
US$200 billion in revenue and controlling
80% of the PBM market. In LMICs, wholesalers and other intermediaries increase
the price at different levels of the supply
chain. Data for insulin from the private
sector of ﬁve LMICs show a 13.0% to
59.0% mark-up between wholesaler and
patient prices (33). In many LMICs, private pharmacies play an important role in
the provision of medicines (63), but with
variable quality of service (63) and substantially higher prices than in the public
sector (64).
Shareholder expectations and the strategies of investors may also impact the
overall strategy of the pharmaceutical
industry, but these factors have not been
assessed (65). They can nevertheless clearly
have an impact on management structure
and vision of companies (66,67).
IS THERE REALLY A PLURAL SECTOR
FOR DIABETES?

The role of the plural sector is to maintain
a balance as well as to redress imbalances
and challenge the status quo. To be able to
do this, it needs to be free from the inﬂuence of governments and the private
sector (10). Mintzberg (10) states that the
plural sector should “be owned by no one.”
In diabetes the plural sector comprises
various national and international associations. Many of these associations receive funding from the pharmaceutical
industry and also the food sector, raising
the issue of their independence (68–70).
To date, the International Diabetes Federation (IDF), whose mission is to “promote
diabetes care, prevention and a cure
worldwide” (71) and which claims to be
the global diabetes advocate, has failed to
take action on the issue of access to insulin.
Although the question of access is mentioned in the IDF Strategic Implementation
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Plan 2016–17 (72), the focus is solely on
an insulin donation program (the Life
for a Child Program), an approach which
raises many issues of generalizability and
sustainability. To its credit, the American
Diabetes Association (ADA) has taken the
lead in addressing access to insulin with
the launch of a petition and campaign on
affordable insulin (73). To the authors’
knowledge, this is the ﬁrst time that a
diabetes-related civil-society organization
has played its role in holding a government and the private sector to account.
Foundations in the area of diabetes
research also play an important role. For
example, JDRF (formerly known as the
Juvenile Diabetes Research Foundation)
focuses on the discovery and development of advances in the care of people
with type 1 diabetes until a cure can be
discovered (74). JDRF has been extremely
effective in raising the proﬁle of type 1
diabetes through highly motivated parents, not without some criticism for its
focus on a cure (75). Like ADA, JDRF has
come out with a statement on the issue
of access to insulin (76), but research and
projects on the issue of access to insulin
are not included in its remit.
Social media also provides an opportunity for people with diabetes to regain
a voice or share messages, as was done by
ADA for its campaign. With their global
reach, tools such as Facebook and Twitter
would be ideal ways to develop communities around the issue of access to insulin.
Many examples of social media and diabetes focus on peer groups where individuals can share experiences (77,78). A
review of the use of social media in diabetes found that most posts were related to clinical management advice as
well as promotional activities for various
treatments, raising issues of safety (79).
Social media is a relatively new tool for
advocacy, but it is one of many tools that
is needed, and organizations need to
allocate the appropriate resources in order to use it to its full potential (80).
Academia, another component of the
plural sector, has two roles. First, as with
this article, it has a role in highlighting
the issue of access to insulin. The other role
is in research and development (R&D) of
diabetes medicines. When they discovered insulin, Banting and Best were based
at an academic institution, and, clearly,
universities have a key role to play in
R&D as places of discovery (81). However,
seeing that much funding for diabetes

Diabetes Care Volume 41, June 2018

research comes from governments and
the private sector, independence is also
the challenge for academics, as it is for
diabetes associations.
The elements described above are summarized in Fig. 2.
RECOMMENDATIONS FOR MOVING
THE ISSUE FORWARD

Governments need to ensure that universal health coverage includes insulin
and diabetes care and that the health
system is adapted to the delivery of care
for people with diabetes. When addressing the issue of the price of medicines, all
the drivers of price need to be looked at,
including increasing competition and government intervention to reduce prices, as
well as focusing on factors at the provider
and patient levels (30). Increasing competition will require ensuring better access to biosimilar products produced by
more companies than just the Big Three.
The U.S. Food and Drug Administration
has recently announced that it will include
insulin on a list of priority medicines with
the aim of lowering its price (82). Governments have a variety of means to control
prices, including price setting, regulating
mark-ups within the supply chain, and
ensuring rational choices are made based
on the use of essential medicines lists and
health technology assessments. Although
many of these proposals seem unlikely to
be introduced in the U.S., it is important
to note that regulations with regard to price
exist for federally funded programs (83).
All countries in the world spend some
of their health resources on diabetes.

One of us has proposed that 5% of this
funding be allocated to innovation in the
delivery of care and insulin (1). Such funds
could be made available nationally and
internationally for operational research
to ensure that diabetes-related funding is
used effectively and efﬁciently. IDF has
estimated that diabetes-related expenditure was US$ 727 billion in 2017 (84).
Optimizing the use of these funds, and
earmarking 5% (US$ 36 billion) for expanding diabetes care, would address many
of the challenges presented in this article.
The role of the private sector is to
provide goods and services and a return
on investment. In addition, it is also a
funder of research and should play a role
as a corporate citizen. At present, the
private sector is failing with regard to diabetes. Other companies have been able
to develop models for becoming better
corporate citizens, setting targets beyond
those traditionally related to their core
business and linking their business to sustainability (85). This does not come without criticism from traditional business
circles (86). In other areas, such as mobile phones, companies have been able
to expand coverage, even in poor settings
in Africa, by leapfrogging traditional approaches and segmenting their market
(87). To date the pharmaceutical market
focuses on HICs (mainly the U.S., Europe,
and Japan) with a high value and “low”
volume view. If pharmaceutical companies
were to take a long-term view and invest
in segmenting the market as other companies have done, they could potentially
“open” their markets to millions of people

Figure 2—Areas of focus of the three different sectors.
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who currently fail to access their products
(88). Another approach that moves away
from the for-proﬁt model would be a social enterprise that could either be part
of one of the multinational corporations
or a new start-up venture (89,90).
A key driver in any business decision is
the impact it will have on investors and
shareholders. These key players in the
private sector might wish to consider the
difference in investing in pharmaceutical
companies versus in other areas. This difference in view needs to include a longer
time perspective, truly assessing corporate
social responsibility, in part because of the
need to consider ranking systems such as
the Access to Medicine Index (55).
For all these changes to happen, there
needs to be an independent and effective
diabetes civil society that holds governments and the private sector to account.
The concept of civil society is that of individuals who come together for a speciﬁc
cause. These individuals are also voters,
employees, customers, and benefactors and
can also use their power to change business
as usual. Different social media tools amplify
this voice, but a rallying goal is needed. One
such goal or target could be the upcoming
insulin centenary in 2021 (91). This could
provide the diabetes community with an
opportunity to rally around a global cause
and truly try to make a difference.
CONCLUSIONS

Access to insulin needs to be framed
within the wider health system and all
the elements needed to provide appropriate diabetes care. However, what changed
the course of diabetes management in
1922 was access to insulin and, as Elliott
Joslin stated, “a new race of diabetics has
come upon the scene” (92).
Mintzberg’s presentation of society as
a three-legged stool (10) provides an interesting framework for analysis of the
issue of access to insulin. Figure 2 shows
how the common link between the different sectors is funding for R&D. This R&D
is possibly skewed in that the aim is for
innovative medicines, means of delivery,
and models of care versus the issue of
access to insulin.
In the U.S. the “plural sector” is regaining some power on the issue of access to
insulin through the initial work of the ADA
(73) and citizens bringing class action
lawsuits against insulin manufacturers
(93). Social media is also a tool that might
assist in raising awareness about this

Beran, Hirsch, and Yudkin

issue at different levels. There is also a
push in the U.S. by some in government
for more price transparency, which is already present in many HICs (94) (Fig. 1).
Globally, though, the power remains in
the hands of the private sector, with little
involvement and action from either the
IDF, individual governments, or WHO.
Given that currently the plural sector receives a large portion of its funding from
the private sector, can it truly be active in
addressing the issue of access to insulin?
Each leg of the stool that Mintzberg describes exists as a group of individuals, but
as shown in Fig. 2 there are areas of overlap between these three sectors, versus
them being stand-alone “legs.” For example, the leadership of many diabetes
organizations is predominantly composed
of clinicians and not individuals with diabetes. IDF has had four clinicians in its
last ﬁve presidents (95). The Board of
Directors of the ADA includes fourteen
members, of whom three are medical
doctors, three others are researchers or
other health professionals, and two are
working in the area of health care or the
pharmaceutical industry (96). These key
opinion leaders serve as links between the
different sectors, for example, by being
national experts on the issue of diabetes
and receiving funding from governments
and/or the private sector.
Academics and clinicians stand on the
front lines in terms of the research they
do and as witnesses to the challenges
their patients encounter. Both these constituencies have in the past raised their
voices to address a variety of societal
issues. Speciﬁcally, we argue that clinicians
need to view their roles as encompassing
the best care both for the individual patient in front of them and for the collective
of people with diabetes in a health system
and society with many health needs. The
issue concerns the interaction between
the individual and populations. For the individual with diabetes, we of course want
what is best for them. This, however, has
an impact on overall diabetes management and the health of populations. At
the heart of this discussion is the use
of human insulin versus more expensive
analog insulins (97). It has been argued
that less effective interventions can be
justiﬁed if they are more affordable, as
from an ethical perspective it is preferable
to provide a larger number of people with
treatment as opposed to the more expensive alternative for fewer people (98). The

former WHO Director-General Dr. Gro
Harlem Brundtland stated, “. . .if services
are to be provided for all then not all services
can be provided. The most cost-effective
services should be provided ﬁrst” (99).
We live in a globalized world. A presentation at the ADA can impact diabetes
management throughout the world. A scientiﬁc article published on results in Boston can be accessed and read, and can
impact practice, throughout LMICs. In the
U.S. and other HICs, the issue for type 1
diabetes seems to have evolved from insulin to that of access to the latest technology or even a cure for diabetes. In
diabetes, progress is often measured by
novelty: new insulin, new medicines, and
new technology. These clearly have a positive impact on many individuals, but not
on the majority of people living with diabetes globally. Franklin D. Roosevelt said,
“The test of our progress is not whether
we add more to the abundance of those
who have much, it is whether we provide
enough for those who have little” (100).
If a cure or the artiﬁcial pancreas becomes
a reality, will someone with type 1 diabetes in Mozambique beneﬁt? As a diabetes
community, we need to continue to push
for innovation and developments in the
ﬁeld of diabetes, and these should be
welcomed. However, we must not forget
that many people with diabetes in this
day and age still are unable to access an
innovation from 1921, and there is no
debate: this is unacceptable.
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