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ABSTRACT

Type 2 diabetes mellitus is a chronic, progres-
sive disease that frequently necessitates treat-
ment with basal insulin to maintain adequate
glycaemic control. In considering the value of
different basal insulin therapies, although
acquisition costs are of increasing importance
to budget-constrained healthcare systems, value
beyond simple price considerations should be
taken into account. Whilst human basal insu-
lins are of lower acquisition cost compared to
long-acting insulin analogues, this difference in
price has the potential to be offset in terms of
total healthcare system value through the ultra-
long duration of action and low variability in
glucose-lowering activity which have been
translated into real clinical benefits, in particu-
lar a reduced risk of hypoglycaemic events. The
maintenance of glycaemic targets and avoid-
ance of hypoglycaemia that have been associ-
ated with insulin analogues represent a

significant value consideration, beyond price,
for the use of basal insulin analogues to manage
type 2 diabetes mellitus from the perspective of
all stakeholders within the healthcare system,
including payers, healthcare professionals,
patients and society.
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Key Summary Points

Drug acquisition costs are of increasing
importance to budget-constrained
healthcare systems.

Whilst human basal insulins for the
management of type 2 diabetes mellitus
are of lower acquisition cost compared to
long-acting insulin analogues, it is
important to consider value beyond price
and to take into account the wider costs
associated with insulin use over the full
cycle of care and across the entire
healthcare system.

The health impact of glycaemic control,
hypoglycaemia, weight gain and ease of
treatment represents a significant value
consideration, beyond price, for the use of
basal insulin analogues to manage type 2
diabetes mellitus from the perspective of
all stakeholders within the healthcare
system, including payers, healthcare
professionals, patients and society.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14401307.

BACKGROUND

Diabetes is a growing global public health con-
cern, with patient numbers quadrupling over
the past three decades [1]. The growing preva-
lence of diabetes is thought to be related to
increases in the prevalence of risk factors, such
as obesity, cardiovascular disease, hypertension
and prediabetes, alongside an aging population
[2, 3]. In addition to changes in the prevalence
of risk factors, increases in screening, as well as

changes in diagnostic criteria, may also con-
tribute to the growing number of people with
diabetes.

It has been estimated that there are now
approximately 425 million adults (1 in 11) liv-
ing with diabetes worldwide, 90% of whom
have type 2 diabetes mellitus (T2DM) [4, 5]. The
increasing prevalence of diabetes translates into
increasing costs for healthcare providers. The
2018/2019 UK National Health Service (NHS)
digital report calculated NHS costs of treating
diabetes at £1.07 billion for this period, which
was significantly more than for any other health
condition [6]. In addition, the report high-
lighted that diabetes accounted for 13% of total
prescribing costs across England [6]. The
increasing prescribing costs associated with
diabetes is likely to continue, reflecting both the
rising number of people diagnosed with dia-
betes and the large increases in acquisition costs
of diabetes treatments, such as insulin.

The NHS has been under increasing financial
pressure from a growing chronic disease burden,
particularly diabetes, for several years. In the
current climate, with the coronavirus disease
2019 (COVID-19) pandemic, the financial
pressures have further increased, and the con-
sequences and costs are likely to be felt for
many years. As a result, there are increasing
requirements from payers and decision-makers
to use resources wisely to get better value from
the NHS budget. Consequently, diabetes treat-
ments should be assessed in terms of outcomes
and cost across the full cycle of care, including a
robust focus on value from the perspective of all
stakeholders within the healthcare system.

This article is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors.

INSULIN IN T2DM

Glycaemic control is the foundation of manag-
ing T2DM, and is essential to reduce the risk of
macrovascular and microvascular complications
associated with this condition [7]. To achieve
normoglycaemia, most people with T2DM are
initially managed with lifestyle modifications
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[8, 9]. However, for many individuals diet and
exercise alone are not sufficient to maintain
glycaemic control and oral antidiabetic drugs
(e.g. metformin, sulfonylureas, pioglitazone,
acarbose, dipeptidyl peptidase IV inhibitors,
sodium-glucose transport protein 2 inhibitors)
and/or injected treatments (glucagon-like pep-
tide 1 receptor agonists) will be required. Over
time these therapies can become less effective,
which may result in a worsening of glycaemic
control for a significant proportion of people
[10–12]. In such circumstances, the addition of
insulin therapy to the treatment regimen is
required to achieve optimal blood glucose tar-
gets [13, 14]. There are many different approa-
ches to insulin initiation; however, in many
healthcare systems initiation with a basal insu-
lin is the preferred approach in people with
T2DM.

Since the discovery of insulin in 1921 [15]
there have been major advances in the pro-
duction of insulin [16]. Initial insulin prepara-
tions were from animal sources and although
successful as a diabetes treatment, they were
associated with side effects such as insulin
allergy and lipoatrophy [17]. The development
of synthetic and recombinant human insulins
provided greater purity as well as reproducibility
of response and reduced the risk of insulin
allergy and lipoatrophy, although hypogly-
caemia remained a common adverse effect [18].
Basal insulin analogues were developed to pro-
vide a more physiologic pharmacokinetic/
pharmacodynamic profile with longer duration,
less intra-patient variability, less pronounced
peak in time-action profiles and decreased
hypoglycaemic risk compared with human
insulins [19]. Advances in recombinant DNA
technology have led to further improvements in
insulin pharmacology, with the most recently
developed second-generation longer-acting
basal insulin analogues having a more stable,
ultra-long duration of action enabling once-
daily administration with flexibility of injection
time and a further reduction in the risk of
hypoglycaemia [20].

Basal long-acting insulin analogues are now
a major cost consideration in the management
of diabetes as they have a substantially higher
acquisition cost than basal human insulin. The

annual cost of insulin analogues for the NHS
increased from £18.2 million in 2000 to £305
million in 2009 [21], and it was estimated that if
all dispensations for insulin analogues during
this period had used a human insulin alterna-
tive, the NHS would have saved an estimated
£625 million [21]. Many healthcare providers
do not consider the higher acquisition costs of
insulin analogues to correspond to an equiva-
lent extra clinical benefit, and thus promote the
switching of analogue to human basal insulin.
In the National Institute for Health and Care
Excellence (NICE) guidance for the manage-
ment of people with T2DM, the use of human
basal insulin is recommended as first-line insu-
lin therapy, and long-acting basal analogues are
only recommended in certain specific circum-
stances [22]. There have been suggestions that
switching from basal analogue to human insu-
lin therapy may be cost saving. However, even
though starting people with T2DM on human
insulin, or converting people from insulin ana-
logues, is likely to reduce health expenditure,
this may be an over-simplification of the eco-
nomic value of insulin treatments. When con-
sidering the value of insulin, it is important to
appreciate the totality of the cost implications
associated with insulin therapy in people with
T2DM and to include insulin resource use
beyond acquisition costs, such as patient edu-
cation, glucose self-monitoring, productivity
costs and potential healthcare service (e.g.
general practitioner visits, emergency room
visits and hospitalisations). All of these financial
considerations need to be set in the context of
the health impact of glycaemic control, hypo-
glycaemia, weight gain and ease of treatment to
determine the true value of the insulin
treatment.

VALUE OF INSULIN ANALOGUES
IN T2DM

In a retrospective cohort study evaluating the
switching of people with T2DM from analogue
to human insulin, individuals that switched to
human insulin were found to have an overall
0.14% increase in glycated haemoglobin
(HbA1c) compared to those who did not switch

Diabetes Ther (2021) 12:1593–1604 1595



insulins [23]. Although the change in HbA1c
observed in this study is small, and for most
individuals would not be clinically significant,
it is likely that if the study were to be carried out
for longer and/or in a larger group of people this
change associated with human insulin could be
magnified and may have a detrimental effect on
the risk of microvascular events; a number of
studies have highlighted an increased risk of
complications with increasing HbA1c levels
[24–26]. Modest improvements in glycaemic
control have the potential to generate signifi-
cant reductions in the incidence, and therefore
cost, of complications in people with T2DM
[27]. It has previously been estimated that
implementation of achievable, incremental
improvements in glycaemic control, and the
associated reduction in complication rates,
could result in a significant cost avoidance over
5 years of approximately £340 million to the UK
healthcare system, increasing to £5.5 billion
after 25 years of sustained improvement in gly-
caemic control [28].

The rationale for basal insulin analogues
producing superior levels of glycaemic control
compared with human insulin in routine clini-
cal practice is likely to be related to the reduced
burden of hypoglycaemia associated with

insulin analogues. Fear of hypoglycaemia from
both the patient and healthcare professional
perspective represents a significant barrier to
insulin dose titration, and thus the achieve-
ment of good glucose control. Therefore, the
preferential use of analogue as opposed to
human basal insulin has the potential to pro-
mote better glucose control and reduce the
burden of hypoglycaemia (Fig. 1).

The utility of basal insulin analogues com-
pared with basal human insulin has been
demonstrated in a variety of clinical trials
reporting longer duration of action, less vari-
ability, more predictability, less hypoglycaemia
(especially nocturnal) and a favourable effect on
weight with basal insulin analogues [29–31].
Furthermore, the advantages of insulin ana-
logues over human insulin in terms of reduced
hypoglycaemia were supported by evidence
from a recent Cochrane review [32], as well as a
real-world study of 575,008 patients initiating
use of insulin, in which it was demonstrated
that long-acting insulin analogues were associ-
ated with a lower risk of emergency department
visits or hospitalisations for hypoglycaemia
compared with human insulin [33]. The
reduced burden of hypoglycaemia represents a
significant value consideration for the use of
basal insulin analogues from the perspective of
all stakeholders within the healthcare system,
including payers, healthcare professionals,
patients and society.

Value of Basal Insulin Analogues to Payers

The economic value of basal insulin analogues
remains a point of contention as insulin ana-
logues have a higher acquisition cost compared
to human insulin, and clinical trials designed as
treat-to-target studies have demonstrated simi-
lar levels of glucose control with the different
insulin types. However, within these studies a
consistent finding has been a lower rate of
hypoglycaemia, in particular nocturnal hypo-
glycaemia, as well as quality of life increments
in favour of the long-acting insulin analogues
[34–38]. The reduced potential for nocturnal
hypoglycaemia with basal insulin analogues
represents a particularly important value

Fig. 1 Relationship between glycated haemoglobin
(HbA1c) and hypoglycaemia. Blue line: for healthcare
professionals, insulin analogues reduce the rates of hypo-
glycaemia at the target HbA1c level (e.g. 7.5%). Green line:
for patients, insulin analogues provide better glycaemic
control at an acceptable level of hypoglycaemia (e.g. 6 per
year). Figure is informed by a study characterising the
frequency of severe and non-severe hypoglycaemia in
insulin-treated people with type 2 diabetes mellitis [71]
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consideration as nocturnal hypoglycaemia is
typically associated with the greatest reduction
in quality of life and is a major barrier to opti-
mal therapy titration [39]. It may be argued that
the differential rate of hypoglycaemia observed
between insulin analogues and human insulin
could be addressed through patient education
strategies and optimised clinical pathways.
However, even in a randomised controlled trial
setting where clinical management is opti-
mised, there is a persistent advantage with
analogues for reduced hypoglycaemia, and this
effect is likely to be amplified in a real-world
setting.

Hypoglycaemia, particularly when severe
(requiring third-party assistance), can result in
significant healthcare resource utilisation con-
siderations, such as general practitioner atten-
dance, ambulance transport, accident and
emergency care and hospital admission. A real-
world analysis of approximately 4000 patients
with diabetes who had a severe hypoglycaemic
event reported that in the month following
hypoglycaemia patients experienced signifi-
cantly more frequent and prolonged hospital
admissions and outpatient visits compared to
the month prior to the hypoglycaemia event
[40]. Hypoglycaemia therefore represents a
substantial economic burden to healthcare
providers, with significant costs associated with
severe episodes requiring hospitalisation
[41–43]. Severe hypoglycaemia is often assumed
to have a greater economic impact than that of
non-severe hypoglycaemia due to the higher
costs associated with severe episodes. However,
the annual costs of non-severe episodes of
hypoglycaemia should not be overlooked. Due
to the greater frequency of non-severe hypo-
glycaemia, it is likely to be associated with a
similar or greater economic burden which is not
fully appreciated. Furthermore, following a
hypoglycaemic event it is recognised that there
is an increase in glucose self-monitoring, rep-
resenting an additional cost consideration
associated with hypoglycaemia [44]. It has pre-
viously been estimated that the cost of a hypo-
glycaemic episode to the NHS health system can
range from £1.67 for non-severe episodes (cost
of using 6.2 extra blood glucose tests after a
hypoglycaemic episode) to £2152 for severe

episodes (for which the patient is admitted to
hospital, requires an ambulance and uses the
accident and emergency department), translat-
ing to annual costs of £295.9 million and
£172.1 million for severe and non-severe epi-
sodes, respectively [45].

An economic model assessing the contribu-
tion of hypoglycaemia to changes in quality-
adjusted life-years (QALYs) reported that QALYs
ranged from - 0.07 to ? 0.089 for a - 30 to ?

30% change in the frequency of hypogly-
caemia [46]. This relatively modest impact of
changing hypoglycaemia frequency on QALYs
is a result of the low reported rates of hypogly-
caemia in the source data used in this study.
However, in clinical practice, the impact of
changes in hypoglycaemia frequency is expec-
ted to be greater as the true prevalence of
symptomatic hypoglycaemia in patients
receiving insulin is likely to be higher.

Long-acting insulin analogues have been
associated with greater time in range (the per-
centage of time glucose levels are within
70–180 mg/dL (3.9–10 mmol/L) [47]) compared
to human insulin [48]. As time in range has
been shown to be inversely correlated to the risk
of developing microvascular and macrovascular
complications [49, 50], the reduction of these
complications via improved maintenance of
glycaemic stability associated with the use of
insulin analogues, albeit conceptual, may
translate into long-term health and economic
benefits.

The number of frail, older people with dia-
betes is increasing, many of whom have multi-
ple comorbidities, such as arthritis, tremor,
vision impairment and dementia, complicating
insulin self-administration and translating into
a reliance on community care providers to
administer insulin injections. As insulin ana-
logues have a longer, more predictable pharma-
cological profile, compared to human insulin,
they are more amenable to once-daily admin-
istration, consequently reducing the burden of
care and thus costs associated with supported
insulin administration.

It is important to appreciate that from the
perspective of a healthcare system payer, the
cost of insulin represents only a small propor-
tion of the total health economic impact and
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that due to their direct healthcare cost conse-
quences all of the factors described above
should be considered when prescribing insulin.
The potential cost offset, from the wider
healthcare system perspective, of basal analogue
insulin as opposed to basal human insulin was
illustrated in a budget impact assessment in
which the total annual expenditure associated
with human insulin was found to be 8% higher
at an individual level compared to insulin ana-
logues, once all relevant costs were factored into
the analysis [51]. The results of this study
demonstrated that whilst insulin analogues
have a higher acquisition cost than human
insulins, this cost differential was offset by sav-
ings made in blood glucose monitoring costs,
additional costs related to suboptimal insulin
dosing and therapy non-adherence following
hypoglycaemia and the direct healthcare costs
associated with hypoglycaemia [51].

Value of Basal Insulin Analogues
to Healthcare Professionals

The superior pharmacological profile of both
first- and second-generation basal insulin ana-
logues compared to human basal insulin has a
value implication from the perspective of
healthcare professionals involved in the man-
agement of people with T2DM treated with
insulin. Insulin analogues are typically dosed
once daily, whilst human insulin will often
require more frequent dosing [20]. This will
have implications for resource use from the
perspective of healthcare professional time
whilst also exerting a significant cost implica-
tion in terms of consumable use.

Increased hypoglycaemia burden associated
with human insulin in terms of severe, non-
severe, daytime and, in particular, nocturnal
hypoglycaemia, whilst associated with obvious
patient health-related quality-of-life (HRQoL)
issues will also have significant implications for
the healthcare professional. This will manifest
in terms of increased patient–healthcare pro-
fessional contacts, an increase in the need for
patient education regarding hypoglycaemia
mitigation and management strategies and an
increase in the prescription and use of glucose

self-monitoring, which clearly has a cost
implication for the healthcare system.

Hypoglycaemia represents a major barrier to
therapy intensification and thus the achieve-
ment of glucose control. The use of human
insulin with its associated increased hypogly-
caemia risk therefore represents a significant
burden and challenge to the healthcare profes-
sional in terms of addressing the issues of ther-
apy non-adherence. The use of insulin
analogues, which are associated with a lower
rate of hypoglycaemia, may aid in addressing
the concerns from the healthcare professional
perspective around dose titration, and thus
contribute to an improvement in glucose
control.

The use of basal human insulin is likely to
translate into a greater degree of variability in
terms of patient glucose profiles [19]. This may
impact on patient confidence in the therapy
and on quality of life, increase the risk of
hypoglycaemia and provide a further barrier to
dose titration, consequently resulting in an
increased potential for glucose self-monitoring.
All these factors are significant considerations
in terms of the healthcare professional support
and education required for patients using
human insulin compared with insulin ana-
logues. Consequently, there is a clear rational to
consider basal insulin analogues as representing
superior value in comparison to basal human
insulin from a healthcare professional
perspective.

Value of Basal Insulin Analogues
to Patients

Based on their pharmacological profile, insulin
analogues can potentially provide benefits in
terms of glucose control and hypoglycaemia
(Fig. 1). Hypoglycaemia exerts a major impact
on the HRQoL of people with T2DM, with
short-term effects related to the symptoms
associated with the actual episode and longer-
term effects of fear and anxiety and sleep dis-
turbance, as well as a negative impact on
employment and leisure activities [52–57]. Post-
hoc analyses of the Action to Control Cardio-
vascular Risk in Diabetes (ACCORD) [58] and
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Action in Diabetes and Vascular Disease: Pre-
terax and Diamicron MR Controlled Evaluation
(ADVANCE) [59] trials reported a significant
association between hypoglycaemia and mor-
tality. Therefore, a reduction in the frequency of
hypoglycaemia is one the key advantages of
insulin analogues compared to human insulin
for people with T2DM. In addition, a lower rate
of hypoglycaemia has the potential to reduce
out-of-pocket expenses from the patient per-
spective related to the need to travel to health-
care services for support following a
hypoglycaemic episode.

Beyond the obvious advantage from a
patient perspective of the reduced burden of
hypoglycaemia, some insulin analogues are also
associated with a reduction in weight gain
compared to human insulin [31, 60]. Weight
gain is well recognised to have detrimental
effects related to HRQoL [61], as well as exerting
wider implications in terms of healthcare
resource use associated with the increased risk
of developing comorbidities such as cardiovas-
cular disease, cancer, chronic diseases, and
depression, all of which have direct and indirect
cost implications alongside detrimental effects
on patient expectancy on quality and quantity
of life [62–64].

The development of insulin analogues with a
longer duration of action has enabled greater
flexibility in the timing of insulin administra-
tion without an effect on either glucose control
or hypoglycaemia risk [65]. Flexible dosing
provides an obvious convenience and potential
quality of life benefits to patients and may also
translate into greater therapy adherence and
hence improved glycaemic control. Further-
more, flexible insulin dosing may have signifi-
cant implications for certain patient subgroups,
the elderly in particular where assisted insulin
administration is required.

Value of Basal Insulin Analogues
to Society

With the increasing prevalence of T2DM trans-
lating into more patients progressing onto basal
insulin therapy, the associated risk of hypogly-
caemia has increasingly important societal

implications, in particular those related to lost
productivity. A Canadian survey-based retro-
spective observational study reported that after
a severe hypoglycaemic event 32% of individu-
als went home from work/school and 26%
stayed home the following day, and that fol-
lowing a mild event 10% and 9% of individuals
went home and stayed home the next day,
respectively [53]. A survey assessing the impact
of hypoglycaemia in 1404 individuals from the
USA, UK, Germany and France estimated that a
non-severe hypoglycaemic event resulted in
8.3–15.9 h of lost work time per month [66].
Interestingly, nocturnal hypoglycaemia was
associated with the highest per-incident work
time lost and costs for lost productivity [66]. In
the 1-month prospective period of the Hypo-
glycaemia Assessment Tool (HAT) study, people
with T2DM reported taking a mean 1.8 days off
work or study due to hypoglycaemia [67].

The negative impact of hypoglycaemia can
extend beyond the person with T2DM to family
members/carers, who will often also have
restrictions placed on their own health and
well-being and on the dynamics of their rela-
tionship with the person with T2DM [68, 69]. In
the DAWN2 study, which included more than
2000 family members of people with diabetes,
approximately one third of family members
reported a notable burden and negative impact
of diabetes, including effects on their emotional
wellbeing, financial situation, leisure activities
and physical health [70].

Based on the considerations discussed above,
there is wider societal and economic value
related to the reduced risk of hypoglycaemia
associated with insulin analogues compared to
human insulin, further highlighting the wider
economic considerations related to analogue
compared to human basal insulin use in people
with T2DM.

SUMMARY

Due to the ever-increasing demand on limited
healthcare resources, obtaining optimum value
for medical therapies is essential. Basal insulin
use in T2DM represents a significant economic
consideration.
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Human insulin treatments are associated
with a suboptimal duration of action, a marked
peak effect and higher intra-individual vari-
ability, predisposing to increased risk of hypo-
glycaemia. Hypoglycaemia is associated with
patient fear, a reduction in quality of life, lost
productivity and reduced therapy adherence

and titration and has direct healthcare costs
consequences. As such, these considerations
can significantly impact on the value of human
insulin. In comparison, insulin analogues have
no significant peak activity, a longer duration of
action and less variability, which translates into
a reduced risk of hypoglycaemia compared to
human insulin. This reduced burden of hypo-
glycaemia will have a positive impact on the
value of basal insulin analogue therapy in
T2DM from the perspective of less patient fear,
improved quality of life, less society cost con-
sequences, better medication adherence and
potentially longer-term glucose control with a
reduced risk of complications (Fig. 2).

In conclusion, whilst human basal insulins
are of lower acquisition cost compared to both
first- and second-generation long-acting insulin
analogues, the potential cost offset in terms of
total healthcare system value from the per-
spective of the multiple stakeholders, including
patients, payers, healthcare professionals and
wider society, should be taken into account. It is
likely that debate around the economics of
insulin analogue use in T2DM will persist. A
large, long-term, prospective real-world study
evaluating the totality of costs, and value from
the entire healthcare system, of people switch-
ing to human basal insulin regimens from
analogues, as opposed to those continuing
insulin analogues, would be very useful in fur-
ther informing the debate. In any therapy area
in routine clinical practice, it is imperative to
consider value beyond product acquisition costs
alone and to take into account the wider sys-
tem-based costs. This is particularly exemplified
with respect to analogue insulin use in people
with T2DM, on which a considerable body of
evidence exists to support the value of insulin
analogues over the full cycle of care and across
the entire healthcare system.
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