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Abstract

Biotechnology has had a dramatic impact on how insulin is
manufactured, and how much it costs to produce it. This paper
examines the political, economic and social impact of
biotechnology on the global insulin market. It provides an
assessment of claims made by manufacturers since the early
1980s that insulin produced using recombinant DNA technology
would enhance affordability, safety, effectiveness, and access to
this vital medicine. This study utilises primary and secondary
sources, historical and current, over the period 1921 to 2024
including academic and medical journals, archival databases,
legal opinions, government reports, newspaper and magazine
articles and books, and personal files.

The study finds that biotechnology has failed on each of the
counts claimed by the manufacturers, ie, affordability, safety,
effectiveness, and access. Instead, it has transformed the global
insulin market, leading to a collapse of domestic manufacturing
in many countries and the emergence of a powerful oligopoly
composed of three corporations: Novo Nordisk, Eli Lilly, and
Sanofi. This has jeopardised the welfare of those who need secure
access to safe and affordable insulin, particularly — but not only
— those in low- and middle-income countries. A growing
movement of diabetes activists around the globe is demanding
changes to the global insulin market and to government policies.

Keywords: insulin, biotechnology, access, recombinant DNA
technology, genetic engineering

Introduction

Since 1921, when it was discovered, the goal of insulin therapy
has been to lighten the burden of diabetes and improve the
quality of life for those who have the disease. However, these
objectives have often clashed with those of corporate
investors who are focused on profits and monopoly control of
the insulin market. This study assesses the claims made by
manufacturers since the early 1980s that biotechnology would
improve safety and effectiveness for insulin users, and increase
access and affordability.

This study utilises primary and secondary sources, historical
and current, over the period 1921 to 2024, including academic
and medical journals, archival databases, legal opinions,
government reports, newspaper and magazine articles and
books, and personal files. The sources were chosen both for
their critical and noncritical perspectives on the subject of
insulin and biotechnology, as well as for their accuracy,
objectivity, authority, and respect for the experiences and
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voices of those — patients, researchers, physicians and
others — who have sought fairness and justice in the global
insulin market.

The dawn of insulin therapy

The discovery of insulin in 1921, extracted first from canine,
and then cattle and pig pancreas glands, had a dramatic
impact across the world, especially among those with Type 1
diabetes, for whom a diagnosis was followed by certain
death. Since the 1980s, some conservative historians have
described this scientific achievement as a good example of
the “cooperation between a profit-making business [Eli Lilly]
and an educational institution [the University of
Toronto],” [1]1 where the discovery took place. In this
narrative, the company and the university worked together
for the greater good, in contrast to the “bitter personal
rivalries” and “[plhysical and verbal confrontations” [2]
among the co-discoverers, Frederick Banting, Charles Best, JB
Collip,and JJR Macleod.

While differences existed among these university
collaborators, they were all aligned on the important
political and ethical issues associated with patents and
profits. The co-discoverers, like many others during the
period, were opposed in principle to patents, described by
Quebec’s pharmacy association as “a curse to the physician,
the pharmacist and the public” [3]. The University of Toronto,
however, argued that patenting was necessary to protect
patient safety and the integrity of the new miracle drug.
Consequently, the reluctant patentees agreed to assign their
rights to the University of Toronto for $1 each.! As Macleod
explained in 1924, the sole purpose of the patent was to
“[prevent] any other person from taking out a similar patent
which might restrict the preparation of Insulin.”[4] The
overriding objective of the university’s newly established
Insulin Committee, Macleod said, was to ensure that “the
best Insulin is supplied at the lowest cost” to countries
around the world. The patentees insisted that the university
widely publish the rationale behind the patent so that their
reputations would not be sullied [5].

While Eli Lilly did not contribute to the discovery of insulin,
an agreement was reached between the Canadian university
and the American company to boost production, thereby
expanding access to a safe supply. In exchange for its
contribution to increasing production capacity and
developing purification techniques to enhance safety, the
university granted Eli Lilly a 13-month exclusive licence, in
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effect a period of monopoly control [6]. However, tensions
emerged between the Insulin Committee and the US
company when Eli Lilly pushed to make this a permanent
arrangement and indicated it intended to profit off the sale of
insulin [7]. “At the risk of being considered to a degree
selfish...7 JK Lilly, the head of the company, argued the
company should be the sole manufacturer in the United
States. He claimed this would help lower the cost of insulin, as

“competition... would require large expenditures in
advertising and selling. Rivalry would be rife and
expensive.”[8]

This unfortunate licensing arrangement enabled the

company to establish what would become a 60-year virtual
monopoly in the United States. It stood in stark contrast to
the arrangements made by the University of Toronto with
most other countries. For example, it issued a licence to the
United Kingdom’s Medical Research Council which granted
production rights to five companies from the United
Kingdom (UK), free of royalties. By 1952, Britain was producing
3000 million international units of insulin per year, enough for
up to 700,000 people, some of which it supplied to countries
around the world, including Pakistan, India, Iceland, Peru, and
Sri Lanka (then Ceylon). Like the University of Toronto, the
Medical Research Council granted insulin licences to firms in
other countries without royalty charges [9].

The University of Toronto focused much of its energy on
assisting countries to set up domestic production capacity —
a process described by Christopher Rutty, the University of
Toronto's expert on the early history of insulin manufacturing,
as “a slow and uneven process’. Its licensing policies reflected
this process [10]. The licences also gave the Insulin Committee
the right to oversee the quality of the insulin the companies
produced and to ensure there were enough producers to
meet the growing demand, discourage monopoly control,
and support access at low prices [11].

The principle articulated by JJR Macleod — “the best Insulin...
at the lowest cost” — guided the work of the university’s
Insulin Committee, which administered the patent attached
to the discovery to “set the standards of the new drug, control
the quality of its industrial production, and regulate the
conditions of its marketing.”[11] It also helped influence an
international regulatory framework designed to support the
safety, effectiveness, and affordability of insulin that would
survive until the dawn of the biotech era.

Access

From the moment of its discovery, access to insulin became a
priority for countries worldwide. However, there were also
rising concerns about barriers to access, especially during and
after the Second World War. A 1949 review of the global
insulin supply by the World Health Organization (WHO) noted
that while demand for insulin had increased significantly
during the war, producers had experienced problems
obtaining pancreas glands due to rationing and declining
international trade [12]. By 1942, the United States and other

[192]

Indian J Med Ethics Vol X (Cumulative Vol XXXIII) No 3 Jul-Sep 2025

exporting nations refused to supply finished insulin to many
countries due to wartime conditions, while British supply
boats were often infrequent, interrupted, or damaged [13].
However, the report noted that since most insulin-producing
countries were set to increase production in the post-war
future, supplies would be more than adequate to meet the
requirements of persons with diabetes.

During the debate on the report that followed at the World
Health Assembly, delegates from South Asia, led by WG
Wickremesinghe (Sri Lanka), KCKE Raja (India), and MK Afridi
(Pakistan), disagreed.They argued that WHO should dedicate
its efforts to “insulin self-sufficiency” One of the report’s
proposals was particularly controversial. It suggested that
“countries lacking the necessary processing facilities” should
supply pancreas glands to manufacturing countries, which,
in return, would supply them with finished insulin.
Wickremesinghe argued that such an approach would be
“radically incorrect” and expensive, resulting in “undeveloped
countries being forced to be dependent on external sources
of supply” These delegates stressed that WHO's policy
“should be to encourage local production” After some
debate, the Assembly passed a resolution directing the WHO
“to advise Governments, upon request, concerning the
means of obtaining the necessary requirements for
insulin.”[12]

In the years that followed, many countries explored
alternatives to import of insulin, including using more readily
accessible local resources for domestic production. Other
strategies focused on import duties to protect and support
local producers and public manufacturing. Some studied the
use of whale and fish pancreas glands, which had already
been used in a few countries [13], including Japan, where
whales were the source of insulin from 1944 to 1960 [14].In
New Zealand, researchers investigated the use of sheep, a
key part of the agricultural sector, to determine whether this
would be a safe source with adequate yields of the needed
glands, and economically preferable to importing insulin.
India, too, began to focus on pharmaceutical manufacturing
after Independence in 1947. With support from the Soviet
Union in the early 1960s, it introduced policies that
encouraged self-reliance in producing affordable medicines
[15].

The early post-war years also saw an emerging focus among
researchers, scientists, and manufacturers on increasing the
range of insulin options at a lower cost to patients. In a
speech to the Industrial Research Institute in Pennsylvania in
1962, Thomas Carney, who was then Vice President of
Research and Development at Eli Lilly, boasted that the price
of its insulin had been reduced 13 times since 1923 while it
had been increased just once in 38 years. According to him,
during the same period, six new insulin products were
introduced, which reduced the amount of insulin required
for most diabetics from several daily doses to only one [16].
Fifteen years later, Connaught Labs in Canada published an
inventory of its entire insulin portfolio, which included six
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standard types of insulin in both beef and pork varieties and
in two concentrations. In addition, the report described “more
than a dozen speciality insulins vital to a small number of
Canadian diabetics but amounting to less than %% of
production by volume.”[17] By this time, producers had
markedly improved the purity of insulin through advances in
manufacturing, making allergic reactions a relatively rare
experience [18].

Despite the strong support for local production expressed by
delegates to the World Health Assembly 30 years earlier, and
the ethical framework established by the co-discoverers in
1922, secure access to safe and affordable supplies of insulin
has remained a problem for many people across the world.
Several factors, including sanctions, regional wars,
privatisation, the collapse of domestic manufacturing,
deregulation, and patents, have negatively impacted access
[19]. Health Action International [20] and others [21] have
extensively documented these and other factors affecting
people who need insulin, half of whom are unable to access it,
particularly in low- and middle-income countries (LMICs).

Many of these factors also supported the development of an
oligopoly composed of three dominant manufacturers — Eli
Lilly, Novo Nordisk, and Sanofi. This development also
adversely affected access to insulin, particularly since the
mid-1980s when Eli Lilly and Novo Nordisk began to
aggressively expand their presence in higher-income markets
— Novo into the United States and Lilly into Europe. Although
Eli Lilly claimed a 50% share of the world market, it was
concentrated almost entirely in the United States, where it
had a near monopoly [22]. Novo, with roughly 30% of the
global market, was present mainly in Europe and Japan [23].
Nordisk, the third largest insulin producer, had no significant
presence outside Germany (16%) and Denmark (75%) [24]. In
1989, Novo merged with its Danish competitor, Nordisk [25] to
boost its plans to expand globally.

Together, Eli Lilly, Novo Nordisk, and Sanofi currently control
99% of the global market by value and 96% by volume [26].
Several developments contributed to this high level of
corporate concentration, but perhaps none were as decisive
as the emergence of recombinant DNA (rDNA) technology in
the late 1970s and early 1980s, a development in which
insulin played an important role.

The very short road to recombinant human insulin

In August 1978, Genentech, a young start-up based in South
San Francisco, announced it had succeeded in cloning the
insulin gene. It beat two other research centres — Harvard
University and the University of California at San Francisco
(UCSF) — all racing to cross the finish line first [27]. In stark
contrast to the ethical qualms felt among insulin’s co-
discoverers nearly 60 years earlier, the very next day,
Genentech filed a patent application and signed an exclusive
licensing agreement with Eli Lilly, which had been funding
the Genentech and UCSF research teams [28]. However,

[193]

Indian J Med Ethics Vol X (Cumulative Vol XXXIII) No 3 Jul-Sep 2025

Genentech was not the only group filing for patents on the
insulin gene. By 1997, six lawsuits involving Lilly, Genentech,
and UCSF had been filed in the US Supreme Court
contesting ownership of the product and process, costing
$30 million, and establishing legal precedents in patenting
processes and DNA sequences in the United States [29].

Gene splicing was a controversial field in the mid-1970s
when Eli Lilly began courting molecular biologists, most of
whom worked in US universities. It sparked debates about
whether the financial incentives offered by private investors
overshadowed ethical considerations in developing rDNA
technology [30]. Irving Johnson, who led Eli Lilly’s
collaboration efforts, recounted that the public and scientists
were deeply divided on whether rDNA research was harmful
or beneficial. Many demanded to know when Eli Lilly was
“going to quit lobbying against legislation to regulate and
control rDNA research?” — an activity that Johnson
preferred to portray as an effort to educate legislators and
the public about the benefits of the technology [31].

The demands for regulatory framework governing rDNA
research were widespread. They sparked one of the largest
lobbying efforts in US history, which, according to one
report,“helped to persuade legislators that the scientific and
commercial benefits of genetic engineering outweighed its
potential risks."[32] In the 1980s, 16 bills that aimed to
restrict research died before Congress. The US Supreme
Court reversed the established norm, which held that life
was not patentable, and instead ruled that live, human-made
micro-organisms could be patented [33].

Eli Lilly maintained that its decision to invest heavily in
biotechnology was triggered by its own prediction that
pancreatic glands for the production of animal insulin “could
likely be in very short supply”in the future [34]. However, a
study by the US Department of Health, Education and
Welfare contradicted these dire warnings, concluding that it
was “clear that no shortage of insulin [was] anticipated.”[35]
Nonetheless, Eli Lilly insisted, and the media dutifully
reported that the main reason the company had chosen the
“genetic engineering route...was a growing fear of a future
shortage of pig and cattle pancreases.”[36] However, Robert
Swanson, co-founder of Genentech, gave a different and
more plausible explanation. In 1984, he told Esquire
magazine that “the first product [of biotechnology] should
have an existing market” which would reduce the cost of
marketing. “And the economics of production,” he said,
“would have to compare favorably to the way it is produced
currently.”[37] It was that simple.

Very few people needed to be persuaded that insulin was
essential in treating diabetes. Eli Lilly asserted that
biotechnology could guarantee uninterrupted, limitless
supplies of “/human” insulin, a vital medicine. In many ways,
insulin  represented the perfect product to launch
biotechnology into a world that was wary of the science, and
concerned about patenting human genetic material.
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In December 1980, Eli Lilly commenced clinical trials on
Humulin insulin [38, 39] and, within 18 months, was applying
to regulators in the United Kingdom, the Netherlands, West
Germany, and Canada for market authorisation. In the US and
many other countries, Humulin received approval five months
after the company submitted its application to the US Food
and Drug Administration (FDA) [40] although the median
regulatory review times during the period ranged between
28 and 34 months [41].

Meanwhile, on the other side of the Atlantic, Novo announced
that it had chemically transformed the porcine insulin
molecule into human insulin and was prepared to begin
clinical trials, first in the United Kingdom and then
internationally [42]. In 1982, it launched its version of human
insulin in Malta, where, at the time, new drug products did not
require regulatory approval [43].

Enough insulin for the world

Genetic engineering promised what was described by the
FDA in 1982 as a “virtually limitless supply of...insulin” [44].
Manufacturers claimed that the age of biotechnology would
“ensure a readily available and less expensive supply for
diabetics around the world.”[45] Unfortunately, the shift to
gene splicing guaranteed neither lower-priced insulin nor
secure access. It did, however, support the efforts of Novo
Nordisk and Eli Lilly to restructure the global insulin market,
valued at $400 million when the first recombinant human
insulins (RHIs) were approved [36].

Both Novo and Lilly invested heavily in the development of
factories that would significantly reduce the cost of
production and increase production capacity. In 1980, Eli Lilly
announced it was spending $40 million to build two new
manufacturing plants [46], a cost that would jump to $60
million when it finally completed the construction. Initially,
Novo employed a chemical process rather than rDNA to
produce its own version of human insulin, enabling it to
expand its existing facilities. Subsequently, it adopted the
same rDNA technology as Eli Lilly.

The increased production capacity of both companies made
it imperative that they expand their markets, both in terms of
geography and populations living in higher income countries.
Eli Lilly’s first foray across the Atlantic was Britain, home to
seven insulin manufacturers [47]. At the same time, Novo
pursued strategic partnerships with several companies,
including ER Squibb in the United States, Canada’s publicly-
owned Connaught Labs, and Commonwealth Serum
Laboratories, owned by the Australian government. Lilly and
Novo faced competition from each other and from domestic
manufacturers who were well-established in the countries
whose markets they were targeting, some of which were also
interested in biotechnology.

Even before Eli Lilly set up its biotech production facilities,
according to the Financial Times of London, the company had,
in 1982, “the capacity to produce enough [insulin] for all of
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America’s needs.” [36] Three years later, it was producing 30
billion units per year of bovine insulin alone, some of which
came from its subsidiary in Argentina [48]. Competition on
its home turf from Novo, which had increased its share of
the US market to 20%, was unwelcome [49]. In contrast,
Lilly’s own progress in Europe was painfully slow, with its
share of the insulin market stalled at 4% [50]. Furthermore, it
was also facing sceptical physicians in the US who were
reluctant to prescribe a new insulin that was as safe and
effective as older animal insulins but cost two to three times
more [51].

Argentina, which had been producing insulin since the early
1930s, was probably the first country to feel the impact of
Lilly’s over-capacity problems. It relied on a robust domestic
stockbreeding industry to supply the raw materials until the
1960s when Eli Lilly purchased the only production facility
[52]. Some 20 years later, amid an economic crisis with
inflation rates above 800%, Argentina imposed price
controls on all products, including medicines. Eli Lilly, which
exported 85% of production from its Argentinian plant,
most of it to the United States, demanded an exemption so
it could increase prices by up to 72%. The government
refused, and Lilly closed the plant, leaving 73,500 people
with diabetes without access to insulin [48].

Argentina recovered from Eli Lilly’s abrupt withdrawal by
implementing a regulatory regime to ensure long-term
stability in the insulin market and support local production.
In 1987, a national producer, Laboratorios Beta, began
producing both beef and pork insulin. Beta continued to
produce insulin, introducing a biosynthetic option as early
as 1990. However, it was unable to compete with Novo
Nordisk’s aggressive expansion into Latin America, which
began in 2001, when the Danish company entered
negotiations to acquire Biobras, based in neighbouring
Brazil [53]. Biobras, Brazil’s only domestic producer of animal
and human insulin products, was the world’s fourth largest
insulin producer and an increasingly important supplier of
low-cost human, bovine, and porcine insulins to the
Mercosur member states, Eastern Europe, India, China, and
South Korea [54].

Novo's acquisition of Biobras raised international alarm bells,
with doctors and patients expressing concerns that this
move could jeopardise ongoing access to low-cost and, for a
subset of people with diabetes, safer animal insulin. As
noted in BMJ, the Brazilian company was “one of the few
remaining producers of the insulin crystals used by other
companies as source material for their own animal insulin.”
However, Novo's vice president, Lars Jorgensen, quoted in
the same article, stated that they had “no plans for the
discontinuation of production of animal insulin” and that
they did not intend to stop the supply of the necessary raw
materials required by other manufacturers [55].

One of the Brazilian partners in Biobras, explaining the
decision to sell the company, told reporters that “we
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competed with high-tech firms that were at least 50 times
larger than us... we either had to sell our stakes or passively
wait for the competition to break us.”[56] The inability to
compete in their home market was a pattern many insulin
producers experienced. In 2013, Beta announced that it too
had fallen victim to similar forces and was getting out of the
insulin business altogether. Beta’s vice president, Gregorio
Zidar, told the online publication PharmaBoardroom,
“Unfortunately, we had to discontinue our insulin business at
the end of 2013. The competition was very aggressive. We
couldn’t compete any more with the technology from MNCs
like Novo Nordisk or Sanofi.” [57]

It was not too long before Novo Nordisk, exploiting its
monopoly position in the Brazilian market, began to adjust its
prices upwards and extend its reach into Argentina, Mexico,
and other Latin American markets. When Novo acquired
Brazil's skill and expertise in insulin manufacturing and
associated technologies, the country’s efforts to establish
itself in the biotech production market for insulin were over.
Three years after its acquisition, Novo Nordisk halted the
production of animal insulin in Brazil and discontinued its
supply of insulin crystals [58].

Growing the market

Harvard biology professor and ethicist Ruth Hubbard was an
early critic of the rationale insulin producers employed to
promote insulin use beyond the estimated 5-10% of diabetics
with Type 1 diabetes (then termed juvenile-onset diabetes). In
1978, she wrote that insulin “does not improve the diabetes-
associated vascular problems from which most diabetics die
eventually,” adding that the focus of therapy for the Type 2
population should be on diet and weight control [59]. While
Hubbard was generally considered radical, she commanded
great respect as a scientist and was far from alone in her
concerns about the social consequences of rDNA research
[60]. She challenged the claims that using biotechnology to
increase production would benefit people with diabetes,
commenting that “if we produce more insulin, more insulin
will be used, whether diabetics need it or not.”[61]

As Hubbard anticipated, biotechnology enabled Eli Lilly and
Novo Nordisk to increase production capacity and expand
their respective markets which viewed Type 2 diabetes not
only as a chronic disease, but also as an investment
opportunity. In 2005, Sanofi joined the exclusive club of
insulin producers with its blockbuster insulin glargine (Lantus)
priced at three times above the most expensive insulin on the
market. While maintaining a picture of stiff competition, the
three companies all devised similar strategies to increase the
use of insulin among people with Type 2 diabetes, an issue
that was the subject of intense study. Sanofi even began
testing its insulin on people with “pre-diabetes,” [62] a hotly
debated condition [63], but one that also held a lot of
potential for investors.

For people with Type 1 diabetes, neither alternative medicines
nor diet and exercise are adequate replacements for insulin
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therapy. But today, approximately 80% of Americans who use
insulin have Type 2 diabetes [64], despite ongoing and often
tense debates about whether this population experiences
more harm than benefit. In the United Kingdom, the
percentage of people on insulin therapy increased six-fold
between 1991 and 2010, according to Edwin Gale, former
editor of Diabetologia. He describes the controversy over the
evidence used to support this treatment strategy in his
recent book, Life in the Age of Insulin [65].

Not only did the number of people with Type 2 diabetes
who are prescribed insulin rise, but the amount they use on
a per capita basis also increased, along with the financial
burden they must bear. Xinyang Hua and colleagues
estimated that between 2002-04 and 2011-12, the amount
of insulin used per person with Type 2 diabetes annually in
the United States went from 171mL to 206mL, an increase of
over 20%. However, the increase in costs was even more
stark, at 218% during the same period. The authors noted
that “the mean price of insulin increased from $4.34 per mL
in 2002 to $12.92 in 2013” and along with increased
treatment intensity, the per capita expenditure on insulin
among people with Type 2 diabetes was “greater than all
other antihyperglycemic medications combined.”[66] They
concluded that these factors “suggest a need to reassess the
effectiveness and  cost-effectiveness of alternative
antihyperglycemic therapies.” [66]

The fight for animal insulin

Novo Nordisk and Eli Lilly likely initiated their plans to phase
out animal insulin from the global market soon after
building their new production facilities for RHI. The aim was
to eliminate a competing product line they no longer
wanted to maintain [67]. However, it also forced reluctant
patients to switch from low-cost animal insulins with a well-
known track record to a more expensive and unproven
alternative [68]. By 2006, manufacturers had withdrawn 33
insulin products of animal origin, not a single one for reasons
of safety or effectiveness [64]. On the contrary, the narrowing
of options for insulin users occurred despite both clinical
and anecdotal evidence that a subset of people experienced
poorer control and the loss of hypoglycaemic warning
signals when using recombinant human and analogue
insulins [69]. Additionally, the withdrawal also removed more
affordable and equally safe and effective alternatives to
human and analogue insulins.

For people with Type 1 diabetes, insulin is not only a life-
sustaining medicine, but it also serves as a lifelong
companion from the moment of diagnosis, providing a
significant degree of independence and autonomy that
would otherwise not be possible. Those who use insulin
must regulate their blood glucose levels to ensure they are
neither too high (hyperglycaemia) nor too Ilow
(hypoglycaemia). When the latter occurs, they experience an
“insulin reaction” or “hypo] characterised by shakiness,
hunger, and sweating. Each type of insulin has a specific
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profile of action and duration, which the diabetic must align,
as closely as possible, with their diet and activities to avoid
both high and low blood sugar levels. Once they have
identified a type of insulin that works well for them, most
people prefer not to switch to something different.

But that wasn't Eli Lilly’s and Novo Nordisk’s plan. Both
companies initiated an aggressive marketing campaign
designed to shift reluctant diabetics from animal insulin
(which worked well for most) to human insulin (which was no
better yet cost twice as much) [69]. Novo boasted it had spent
as much on promoting its new insulin as it had on research
[70]. This concerted push by the two companies was needed
to overcome the slow uptake of their human insulin products
which could only claim 5% of the total insulin market three
years after they were released [71]. Unless individuals faced
allergies or other complications using animal insulin, they and
their doctors were reluctant to switch to human insulin.

There were also mounting complaints from patients, starting
in the UK, who reported that when they switched to human
insulin, their diabetes went out of control, and they lost their
early warning signals of hypoglycaemia. The British Diabetes
Association (now Diabetes UK) also identified other problems
associated with the use of human insulin, including joint
pains, memory loss, confusion, depression, and lethargy [72].

By the end of the 1980s, RHI's share of the total insulin market
had increased to an astonishing 80% in Europe, North
America, and other regions. Nevertheless, debates regarding
the safety and effectiveness of RHI persisted and emerged in
medical literature. The first English-language paper to
describe a relationship between RHI and “hypoglycaemia
unawareness” was authored by two Swiss diabetologists,
Arthur Teuscher and Willy Berger, and published in The Lancet
in 1987. The authors reported that 36% of patients
interviewed stated that the familiar symptoms of
hypoglycaemia (sweating, tremors, hunger) had changed
(light-headedness, anxiety, fear) or were entirely absent [73].

Britain's Drug & Therapeutics Bulletin, distributed among
physicians and doctors, was also monitoring these
developments. In 1989, its editor, Alex Herxheimer, advised
that the “Clinical advantages of human over existing animal
insulins have not become apparent over the last 6 years.
Prescribers should not change the type of species of insulin
without good reason... A general change-over to human
insulin is inappropriate.” In addition, the bulletin expressed
concern about persistent and widespread reports that
patients lost the vital warning signs that alerted them to low
blood sugar after switching to human insulin [74].

The lack of early warning signs of low blood sugar —
“hypoglycaemia unawareness” — was described early in the
history of insulin therapy. But prior to the introduction of
human insulin there were a few studies about the
phenomenon, with instances of hypoglycaemia leading to
coma described in the literature as “relatively rare” [75, 76]. The
sudden surge in reports of severe, unexpected

[196]

Indian J Med Ethics Vol X (Cumulative Vol XXXIII) No 3 Jul-Sep 2025

hypoglycaemia beginning in the 1980s ignited intense
debates over the validity of claims linking them to human
insulin [77]. In 1989, Dr Patrick Toseland, head of medical
chemistry at Guy’s Hospital in London, informed reporters of
an alarming rise in diabetic deaths, particularly among
patients under the age of 25.” cannot explain it,” he stated,
“and | cannot say the insulin they have used is unsafe, but
there is cause for concern.”[78] Another report on
unexpected deaths by Robert Tattersall and Geoff Gill
described a “puzzling group” of 22 young patients who had
“gone to bed in apparently good health and been found
dead in the morning.” [79] The authors concluded that
hypoglycaemia or a hypoglycaemia-related event was
responsible for the deaths. While there was nothing to
implicate the type of insulin used, they noted, “all patients
were taking human insulin at the time of death, but most
had been changed from animal insulin between 6 months
and 2 years earlier.” [79]

Eli Lilly and Novo Nordisk rejected claims that RHI might be
dangerous for some people. While Novo insisted there was
“extensive scientific evidence” showing animal and human
insulins were “almost identical” [80], Eli Lilly maintained that
“Our product [Humulin] is equal to or better than the best
porcine insulin in purity.”[81]

Several years later, the Cochrane Review, a highly respected
global network that publishes systematic reviews, evaluated
the scientific evidence and were more circumspect about
the quality of the evidence about human insulin. Cochrane
found that, with few exceptions, the studies — 70% of which
were sponsored by manufacturers — were of “poor
methodological quality” and had failed to investigate
essential endpoints such as mortality, morbidity, and health-
related quality of life issues. The evidence did not show any
therapeutic or clinical advantage of recombinant human
compared with animal insulins, and only 40% of the studies
reviewed provided information about adverse effects.
Cochrane concluded that the introduction of RHI should
serve as an example of “pharmaceutical and technological
innovations that are not backed up by sufficient proof of
their advantages and safety.” [82]

An apparent disregard exhibited by the companies for
patients’ concerns over reported adverse effects and the
clash between their actual experiences and the industry-
sponsored evidence prompted demands for independent
enquiries in several countries. The United Kingdom and
Canada took steps to ensure ongoing access to animal
insulin; however, most governments, including the United
States, did as little as possible. Class action lawsuits alleging a
range of harms linked to human insulin were attempted in at
least three countries (Britain, Canada, and the United States).
Although these never reached court, they sparked
widespread interest among activists, media, and the broad
“diabetes community” [83].

The withdrawal of animal insulin galvanised activists,
including individuals with diabetes and their families, to urge
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governments to intervene and ensure ongoing access. They
succeeded in the UK, where the Department of Health
acknowledged that “some people are better suited to animal
insulin and that animal insulin should continue to be made
available.”[84] In Canada, the House of Commons Standing
Committee on Health conducted two days of hearings on the
issue of access, during which the federal regulator “recognised
that there are some Canadians who need animal-sourced
insulin not only to manage their diabetes, but in fact to
maintain their lives.”[85] Both countries took steps to
accommodate this population, with Canada requesting the
WHO to intervene [86].

These campaigns presented a sophisticated analysis of the
role played by insulin manufacturers in the public policy
arenas of each country, the influence they exercised within
the medical profession, and the negative impact industry
funding had on advocacy for diabetes patients [72]. Advocacy
groups with financial ties to insulin manufacturers largely
remained on the sidelines, resulting in the formation of
independent organisations in many countries. For instance, in
the UK, the InDependent Diabetes Trust (IDDT) continues as a
vocal, non-industry—funded, international voice for patients
and their families. Importantly, the activists drew heavily on
the history of insulin and its co-discoverers at the University of
Toronto who, they repeatedly emphasised, had foregone
patent rights and “...refused financial gain in order to serve
science, research and humankind and to conquer
diabetes.”[69] This legacy, they argued, had been
overshadowed by industry greed and callousness, and as a
result the health and well-being of patients had been
harmed.

The fight for lower prices

If the introduction of RHI was followed by an aggressive
“switch campaign” to encourage or (if that failed) force people
to abandon low-cost animal insulin, the launch of insulin
analogues in 1995 was a repeat performance [67]. RHIs are
structurally identical to the natural human insulin molecule,
while analogues “have a modified molecular structure
resulting in different pharmacokinetic profiles.” That is, the
duration and peak action of analogues are different from their
human insulin predecessors. The Cochrane Review’s analysis of
the evidence on short-acting insulin analogues revealed that
the "quality of the included studies was low or very low”; none
of the studies were blinded, and the “risk of bias, especially for
outcomes such as hypoglycaemic episodes, was present in all
of the studies.”[87] A 2009 meta-analysis found that “Rapid-
and long-acting insulin analogues offer little benefit relative
to conventional insulins in terms of glycemic control or
reduced hypoglycemia.”[88] However, despite the apparent
lack of additional benefit, the per-unit cost of analogue insulin
was 81% to 126% higher than that of human insulin
alternatives in 2011 [89]. These results appeared to have had
little impact on prescribing. Between 2004 and 2014, the
percentage of insulin users in higher-income countries who
were prescribed analogues rose from 32% to almost 80% [90].
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While the market for insulin was expanding, production
costs were declining and by 2018 ranged from $3.69 to
$17.35 for a 10mL vial of analogue insulin and from $2.38 to
$4.93 for human insulin [91]. The 7.4 million Americans who
use insulin [92] pay the highest prices in the world,
estimated at an average of $99 per vial [93]. Not surprisingly,
the US is also the most lucrative and coveted market for the
three big manufacturers. According to one study, North
America (Canada, the United States, and Mexico) constitutes
51% of Novo Nordisk’s global insulin sales, with the United
States alone accounting for 97% of that [94]. In contrast,
people in LMICs, where median insulin prices range from
$9.36 to $29.39, often have very poor access to insulin [95].
Half of the world’s population, most of them in LMICs, have
no access to insulin [91]; their chances of living a healthy life
are similar to those born before the discovery of insulin at
the University of Toronto.

In 2006, Health Action International (HAI) began publishing
damning evidence of the injustices within the insulin
market, particularly concerning the practices of Eli Lilly, Novo
Nordisk, and Sanofi. It documented the struggles of those in
poorer countries to afford insulin that is grossly overpriced, a
situation that is exacerbated by limited competition and
inadequate distribution systems. [20]. The work of HAI
provided activists in many countries with evidence showing
the impact of an out-of-control market on the health and
lives of millions of people.

In 2013, T1 International (T1-I), a global advocacy
organisation founded by Elizabeth Pfeister, emerged as
another significant voice challenging manufacturers on
insulin prices. T1-l successfully tapped into evidence that
had been previously unavailable to earlier advocates who
confronted companies on issues of safety and choice and
who, in effect, helped to validate patient experiences as
crucial yet overlooked components of that evidence base.
T1-1 framed pricing and access as fundamental issues of
social justice [96] and identified allies within the medical
community, academics, and other researchers. Together, they
campaigned for companies to provide insulin at affordable
prices, not just to those in wealthy countries but to everyone
who needed it [97]. Like the UK-based IDDT, T1-I also refuses
funding from the pharmaceutical industry and has
influenced legislators and leaders at WHO [98].

India: Safety, effectiveness, fair
domestic production

In 2003, Wockhardt, based in Mumbai, introduced the first
domestically produced RHI to the Indian market. It was
struggling to maintain its small share in an insulin market
dominated primarily by Novo Nordisk. The Danish company
had been supplying India since 1935, and in 1992, it
established its first offices in Bengaluru. This move was
followed a year later by Eli Lilly and ten years later by Sanofi.
All three companies have been aggressive actors in India,
both in terms of acquisitions and market control [99].

pricing, and
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Until the 1970s, India imported most of its drugs; Western
multinationals dominated its pharmaceutical market, and the
country had some of the highest drug prices in the world
[100]. These conditions prompted a radical shift in policy
beginning in 1970 to support self-sufficiency in the
production of insulin and other drugs, reflecting India’s stance
at the World Health Assembly in 1949.Two changes — a 50%
cap on foreign ownership in the pharmaceutical sector and
the recognition of process rather than product patents —
benefited small and medium-sized domestic producers. A
number of Indian companies, most of them established in the
early days of Independence, benefitted from the policy and
began manufacturing insulin [101]. Today, in addition to
Wockhardt, three other Indian companies compete with the
three global corporations in the domestic insulin market [99].

When Wockhardt announced the launch of its own brand of
RHI — described by the BBC as “vegetarian insulin” [102] —
beef and pork insulin accounted for an estimated 50% of the
market and sold for about $1.58 per vial, which was
significantly cheaper than the heavily marketed human insulin
priced at $4.38 [103]. With a new competitor entering the
arena with a human insulin product priced at $2.65 per vial,
the two foreign corporations had reason for concern.

The lower prices set by Wockhardt were not merely a tactic to
strengthen the ability of indigenous manufacturers to
compete with global corporations. In India, insulin is subject to
a complex system of price controls, administered by the
National Pharmaceutical Pricing Authority (NPPA). This system
favours companies that import insulin since they are able to
set prices based on production and other costs. Furthermore,
the price caps that were introduced do not apply to insulin
analogues [99]. According to a 2013 report, the NPPA asserted
it was unable to determine the actual cost of production for
insulin manufactured outside of the country. Consequently, it
sets price caps “based on the costs declared by multinational
companies,” plus post-production (including marketing)
expenses. The main beneficiaries of this policy have been
Novo Nordisk, with a 58% share in the Indian market, and Eli
Lilly and Sanofi, each holding 14% [104].

Despite the advantages they are granted in the Indian market,
the three companies have acted to ensure that domestic
competitors remain at a disadvantage. When Wockhardt,
followed soon after by Biocon, entered the human insulin
market, other companies such as Ranbaxy, Dr Reddy’s, and
Shantha Biotech also expressed interest. Assessing the threat
posed by cheaper insulin to their hold on the market, and
unable to influence Indian manufacturers to withdraw their
animal insulins, Novo Nordisk and Eli Lilly cut prices by up to
35% in 2003. The Economic Times predicted that this move,
which became a routine practice whenever the companies
deemed it necessary, would “play a pivotal role in changing
the market dynamics of [the] diabetic segment.”[105]

That, of course, was the intended consequence, according to
many critics of the price cuts, including Biocon’s Kiran
Mazumdar Shaw, who told reporters that the “MNCs are trying
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to create entry barriers” because a majority of domestic
players had plans to compete in the human insulin market.
Khalil Ahmed, executive director of Shantha Biotech, accused
the companies of “slash[ing] the prices only because
domestic biotech companies are gearing up to launch
recombinant versions of human insulin.”[106] Six years later,
Shantha Biotech would be acquired by Sanofi, one of many
multinationals “hunting for generic drug makers” to ease the
impact of expiring patents and minimise any potential
competition [107].

But others were worried about the impact the price war
would have on those who required insulin, 60% of whom
were poor and preferred beef insulin [108]. Dr NP
Kochupillai, the internationally renowned head of India’s
Department of Endocrinology and Metabolism at the All-
India Institute of Medical Sciences (AIIMS), was a key leader
in the fight to retain access to low-cost animal insulin. In
2000, he co-authored one of the very few studies comparing
the safety and efficacy of beef insulin and RHI [109], which
found that the two insulins were equally effective.
Kochupillai was joined by other experts who pointed out
that none of the human insulin studies conducted by Eli Lilly
and Novo Nordisk had assessed cost and socio-economic
impacts [110]. India stands out as one of the very few
jurisdictions where, each for their own reasons, physicians
and domestic manufacturers (who were disappearing from
most countries) publicly challenged the tactics of the large
global corporations who were intent on reshaping the
country’s insulin market and overseeing price increases.

There continues to be a struggle over the price control
mechanisms employed by the Indian regulator, with
domestic companies continuing to push for a level playing
field. The price war initiated by Eli Lilly and Novo Nordisk in
2003 was short-lived, and two years later insulin prices
began a sharp upward climb. Today the cost of a monthly
supply is estimated at INR 10,000-12,000 ($120-%$144) [111].
Two decades ago, most Indians requiring insulin relied on
low-cost beef insulin. However, the market now has shifted;
in 2017, 58.96% of insulin users relied on RHI, while 35.7%
used insulin analogues [112]. Most (84.4%) of the human
insulin produced in India is manufactured for foreign
companies located overseas, while all insulin analogues are
imported [99].

India, once a supplier of low-cost insulin to countries
worldwide, is now an emerging destination for insulin
exported from Denmark, Germany, France, and the United
States, which dominate the global retail trade [113]. The
country is almost unique in the world today as it has several
domestic manufacturers in the insulin market. Several of
these — Wockhardt and Biocon — are focused on biosimilar
insulin products that raise hopes for lower prices and
increased access for Indian patients with diabetes. Unlike
generic drugs, which are interchangeable with their
reference products, biosimilars closely resemble but are not
identical to reference brand biologics. They face challenges
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in the insulin market due to patent monopolies, prescribing
and payer bias, and the complexity of replicating insulin’s
protein structure, among other reasons [114]. Nonetheless,
Indian manufacturers, whose share of the domestic insulin
market is 14% and diminishing, appear to be interested in
expanding their business to a global platform where there is a
higher potential for revenue and profits. There also is more
opportunity to form partnerships with global corporations
that have greater market reach and more experience
navigating complex regulatory systems in other countries.
Biocon, for example, partnered with Mylan, based in
Pennsylvania, to develop and launch Semglee, the first
biosimilar insulin to receive market authorization in the US
[115].

Like most countries, India is vulnerable to the decisions made
at the corporate headquarters of Novo Nordisk, Eli Lilly, and
Sanofi. The country’s hopes for “insulin self-sufficiency”
expressed in 1949 have been undermined by a system of
manufacturing geared towards mass production and
maximising profits rather than the supply of safe, affordable
and effective insulin to those who need it. India is dominated
by the insulin oligopoly and, tragically, its role as a supplier of
low-cost and generic drugs to the world has been weakened.
As Abhishek Sharma and Warren Kaplan point out, the
“limited market competition has implications for suppliers’
incentives to meet patients’ need and for insulin prices and
usage in lower income countries.”[99]

Conclusion

Today, very few countries, including wealthier ones, can claim
to have effective control over the kind of insulin that is
available to their own people, its cost, and whether the types
of insulin being manufactured meet the needs of the very
diverse populations who require this drug to maintain their
health and quality of life. Almost all countries voluntarily
relinquished their control just as industries ranging from
pharmaceuticals to agriculture to fossil fuels began
embracing biotechnology. In 1978, while researchers were still
working to clone the molecule, the production of human
insulin was considered the Holy Grail of genetic engineering,
one that, if successful,“would go far towards convincing the
public of the benefits of rDNA research.”[116] A mere four
years later, insulin became the first product of the new
biotech era to make its way to the marketplace.

Although expectations were high that biosimilars would
lower costs, most biosimilar insulins are now expected to
reduce insulin prices by only 15%. By comparison, generic
drugs have traditionally lowered prices by up to 90% [117].
Although some contend that the lack of competition in the
biosimilar insulin market is hindering price reductions [118],
there are also valid questions about whether more
competitors in the domestic private sector would be as
effective as a public or quasi-public manufacturer. Perhaps
the answer to that question will come from the state of
California, which, in response to high prices in the US market,
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is partnering with a nonprofit manufacturer to produce
biosimilar insulin products [119].

So, how should we address the issue of insulin access and
affordability? ~ Charitable  donations  from  global
manufacturers fall far short of a long-term solution and often
serve merely as opportunistic publicity exercises [120]. There
are legitimate questions about whether biotechnology
aligns with the goals articulated by many countries since the
end of the Second World War, including insulin self-
sufficiency, or if smaller-scale methods and public ownership
might better support this objective and meet the needs of
insulin users. Increased competition in the private sector
may not be as practical as a public or quasi-public
manufacturer, a situation that existed in many countries
before the rise of austerity and privatisation in the 1980s.

What is clear is that biotechnology’s contribution to the
goals articulated in 1921 by the co-discoverers of insulin to
ensure access to safe, effective, and affordable insulin has
been limited at best and negative at worst. While the
technology may provide manufacturers with the capacity to
meet the needs of all those who require insulin, it has
instead met the objectives of those who designed it
specifically as an engine of massive profiteering and
monopolisation. Those regions of the world that have been
historically excluded from the pharmaceutical technology
landscape [121] have suffered the most. Nevertheless, all
countries have lost or forfeited the ability to exercise control
over the quality, range, and price of insulin products
available in their own markets. Worse still, most have signed
away their ability to limit the monopoly control exerted
mainly by three powerful global corporations.

International movements have emerged to demand
changes in how the insulin market operates. This has
included pressure to expand the range of options (animal,
recombinant human, and analogue insulins) that people can
access, along with calls for prices to be significantly reduced
to reflect the actual cost of production. People with diabetes
and their families have urged governments to take a more
proactive role in ensuring the insulin market meets the
needs of their citizens instead of patent holders. These
efforts have achieved some success thus far — for example,
ongoing access to animal insulin in the UK, Canada, and
elsewhere, as well as proposals in the United States to
legislate lower insulin prices.

However, even these modest success stories are threatened
by a global market beyond the control of national
governments and currently experiencing dramatic shifts,
including Novo Nordisk’s withdrawal of certain lines of
insulin and the supply of insulin cartridges in India and other
countries [122]. And while some changes have been
important, too many people continue to face barriers to
accessing the insulin they need. For this to improve, more
diverse options will have to be available for insulin users.The
principles articulated in 1921 by the co-discoverers (access
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to safe, effective, and affordable insulin) must be prioritised
over profits and corporate control — an effort that
biotechnology has, to date, undermined.

"Note: All dollars in US currency.
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