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1. INTRODUCTION

New Zealand is on collision course with the iceberg of unaffordable medicine. Diabetes is one
example which has seen— and is projected to see— significant growth, stressing the health system.
A decreasing workforce supporting an aging population, combined with a considerable increase in
the prevalence, means gold-standard care will be unobtainable except for an increasingly select few,
with public resources distributed among hundreds of thousands of sufferers. There are currently an
estimated 228,000 New Zealanders suffering from type-2 diabetes alone, with a projected growth of
70–90%, to approximately 400,000 people by 2,040 (1). Considering rates are higher and outcomes
worse amongMāori and Pasifika (1, 2), and they typically face greater socio-economic hardship (3),
there is a double burden. The current healthcare system seeks intrinsic advancements—increased
productivity without increased efficiency. Demographic and prevalence challenges beg for extrinsic
changes: innovative disruptions to current care models, combating growing inequity of access to
care and outcomes.

2. DIABETES—IS IT REALLY THAT BAD? THE HUMAN COST

Diabetes seems to have become so common, even those suffering from it claim to be of good health
(4). Active management involves medication to: (a) artificially increase the sensitivity to insulin; (b)
stimulate further production of insulin; and finally (c) supplement with external insulin. The aim
is to lower circulating blood glucose concentrations. High blood glucose results in harm to many
body structures, causing significant complications, cumulative cost, life-limiting disability (5, 6),
and early death (1, 7–10).

The human cost of diabetes is paid for disproportionately by certain ethnic and socio-economic
groups. In New Zealand, Māori are 2.5× more likely to have type-2 diabetes than their Pkeh
counterparts, with prevalence of 7.5% compared to the national average of 4.7%. Pasifka peoples are
further over-represented, with an estimated prevalence of 15.1% (1). Even given the same access to
primary healthcare, there is an inequity of outcome (11), with Māori and Pasifika having a HbA1C
11–13 mmol/mol higher, after adjusting for both medical management and demographic factors
(2, 12). Adjusted for ethnicity, lower household income alone is correlated with a 2× risk of diabetes
mellitus (13). Trends in outcomes are also significantly worse, with the most deprived now 3×
more likely to die from cardiovascular pathology than the least deprived, compared to equal risk
two decades prior (11).

3. IS IT REALLY THAT BAD? THE FINANCIAL COST

While overall health spending has increased from 7.5% of GDP to 9.2% since 2000 (14), publicly-
funded treatment diabetes and its complications now costs New Zealand 0.67% of GDP, and≈10%
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of the total health budget, or $2.1B NZD per annum (1).
Predictions estimate by 2,040, diabetes will cost NewZealand $3.5
billion in 2021 dollars, equal to 16% of the current health budget.

Systemic health costs from diabetes are growing, but personal
health costs are rising faster to cover the gap. Private spending
accounts for approximately 20% of total health expenditure in
New Zealand (15), of which 12–15% is directly an out-of-pocket
expense (14). Added to explicit expenses, is considerable personal
loss from lost wages due to activity-impairing complications,
and lost non-salary productivity due to the inability to perform
activities such as domestic cares or voluntary work (1). Lost
personal wages have an estimated economic cost of $562 m
in 2020, but increase 47%–$755 m in 2,040, and non-salary
economic loss is predicted to increase from $334 to $506 m in
the same period (1). The lost wages are accompanied by a loss
of government revenue through income tax, from $163 m in
2020 to $221 m in 2,040. Lost tax revenue because of disability
from diabetes is equal to 8% of the current governmental health
expenditure on diabetes (1).

The large projected growth of financial costs of treating
diabetes is driven by increasing prevalence, population growth,
aging population, and higher costs per patient because of
earlier diagnoses. In particular, the average lifetime cost is 13
times greater when diagnosed with type 2 diabetes at 25-years,
compared to 75-years [$565 vs. $44 k (1)]. Previous screening
trials indicated almost one in five people had pre-diabetes in
2008/2009. These trends, especially among Māori and Pasifika
mean the healthcare system cannot afford to delay either actively
acting to prevent type 2 diabetes, or introduce extrinsic changes
to provide equitable access to more effective management.

4. THE ONLY POSITIVE THING ABOUT
INEQUITY IS THE FEEDBACK LOOP

Diabetes inequities are not only worsening, but self-perpetuating.
Financially, inequity is increasing due to increases in out-of
pocket spending, as shown in Figure 1. Accounting for private
insurances and charitable spending, the most recent data from
theMinistry of Health show out-of-pocket expenditure increased
on average 4.3% per annum (albeit in 2012 when it was last
reported). This rate compares to an average inflation rate of
2.7% (18), and an average median wage growth of 3.2% (3). To
exaggerate inequity further, the mean household income of the
20th centile [P20 from Table 9.1 of (16)] has risen on average only
1.5% per annum, a cohort which Māori are 30%more likely to be
in than European descendants (3). These financial impediments
to healthcare are seen in the ability to access primary healthcare,
something 38% of Māori report as being unable to do (19).

Forming a disproportionately high amount of the lower
socio-economic cohort (3), Māori have worse diabetes outcomes
compared to their pkeh counterparts (2, 20). One possible
explanation is less equitable access to primary care (2), as
evidenced in lower-income households having 25% fewer GP
appointments relative to the portion who report being of ‘poor
health’, than NZ average (21). Even accounting for government
subsidy schemes, such as the community services card, a GP

appointment costs up to $19.50. The average household in the
lowest quintile in New Zealand has only $230 per week disposable
income after housing (3). Visiting a general practitioner for the
most vulnerable is as much, if not more, a financial decision as

a healthcare one.

Projections for out-of-pocket diabetes-related spending are
expected to increase 3.0% per annum, rising almost 80% in the
two decades to 2,040 (1), similar to historic median wage growth,
but two times the 20th centile. As primary healthcare is expected
to see the largest rises in out-of-pocket health expenditure
in GP appointments and prescription co-payments (1), access
to preventative healthcare becomes less equitable, impeding
early intervention and compounding inequity of outcomes for
healthcare. This inequity is compounded by the positive feedback
loop of poor health literacy (22, 23), which furthers distrust in the
profession as a whole.

Inequity of access to both care and outcomes in diabetes is a
positive-feedback loop of increasing loss of equity, with resultant
harm and cost, which requires extrinsic, innovative changes to
current care models to break.

5. ONE SMALL DRIVER FOR BIG CHANGE

One technology which provides better control for individuals
with both type-one and type-two diabetes (24, 25), but is
available only to a minority of New Zealanders, is insulin pumps.
Pumps in New Zealand are up to $10,000 if self-funded, or, if
stringent requirements are met, publicly funded (26). Criteria
for public funding are evidence the pump will reduce HbA1C
by 10 mmol/mol, or “four severe unexplained hypoglycaemic
episodes" requiring medical assistance (27). If not publicly-
funded, there are additional out-of-pocket costs for consumables
approximately $1,500 per year. In poorer households, these
required out-of-pocket costs, compounded by poorer health
literacy, are preventing equitable access to best care (28, 29).

An open-licence pump developed at the University of
Canterbury in partnership with local diabetes clinicians, is
currently being prototyped with a bill of materials approximately
1
50 the cost of the devices currently available—the ultra-low
cost insulin pump (ULCIP) with comparable performance
(30). Accounting for comfortable production, support, and
development overheads would enable purchase of the device
at $500 per device - enabling 14-20× the number of insulin
pumps for no added investment, which would allow significant
relaxation of the insulin pump eligibility criteria, thus increasing
the equity of access to best care.

The flow-on benefits of widespread access to insulin pumps
are such extrinsic changes required to address growing health
demands. Currently, secondary care spending accounts for 57%
of diabetes spending, a portion which is expected to grow
(1). Widespread adoption of insulin pumps for no additional
investment would see an increase in good glucose control,
which subsequently reduces complication rate and severity (2,
24, 31). This reduces the number, and cost, of secondary care
presentations for individuals with diabetes, allowing for further
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FIGURE 1 | Historic average annual out-of-pocket health expenditure per capita (14), compared to median weekly wage (16, 17), and mean of 20th-centile weekly

household income (16). Out-of-pocket health expenses are exclusive of charitable and private insurance spending. Average historic annual increases are 4.3% for

out-of-pocket healthcare expenditure, compared to 3.2% for median wage growth, and only 1.5% for the 20th centile.

investment in preventative medicine, increasing equitable access
to better health outcomes.

6. DISCUSSION

The inequities present in healthcare in New Zealand, specifically
diabetes, are worsening in light of increasing prevalence and
severity of diabetes. Increases in the personal out-of-pockets
costs of healthcare are the result of explicit rationing of care:
an implicit redefinition of the social contract, where systemic
healthcare is becoming less accessible and less thorough in its
application. Māori, who have a history of underinvestment and
poor engagement, continue to suffer disproportionately in a
public health system considered “hostile and alienating" (32).
Within diabetes specifically, inequities in outcomes have been

recognized for over two decades (2). Despite this recognition,
there has been a lack of progress to address outcomes through
increased access or similar schemes. This lack of progress is
evident in the lack of access to specialist care (2), and thus
technologies that require prescription by a specialist (33).

These results generalize broadly to other indigenous
populations, where disparities of care still exist around diabetes
and care in general (34–36). Equally, some European focused
studies show similar results around socio-economic status (37).
Hence, there are international studies showing similar trends as
the New Zealand studies showing growing inequity, where this
analysis provides a first overall analysis of how these outcomes
translate into inequity in access to care and outcomes.

Despite the financial trends highlighted, representative of
“persisting inequities ... in access and outcomes for Māori, Pacific
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Island, and low-income populations” (19), comparisons between
out-of-pocket expenditure and wages are lacking. This analysis
links the lack of access to a fundamental cause on the part
of the patient. There is academic agreement at a system level,
inequities remain in the health system as a continuation of
inequities generated through colonization (38), and reinforced by
continued poverty, lack of access to housing, and lack of access to
primary healthcare (19, 38). However, the economic and more
specific reasons have not been to date explicitly analyzed.

More specifically, the reasons for the trends observed include
continued underinvestment of the public health system, resulting
in a larger portion of healthcare expenditure shifted to private
expenditure (19). Considering the New Zealand healthcare
funding policies where secondary care is fully publicly funded,
but primary healthcare is not, primary healthcare has become
increasingly unaffordable for those with the greatest socio-
economic deprivation. This gap is particularly evident where
only the wealthier 28.8% of individuals possess private healthcare
insurance (19), allowing them to obtain private secondary care
ahead of rationing in a system under stress.

The results of these are evident in the significantly
higher rates of emergency department re-admission (39) for
Māori, suggesting that where follow-up care from a primary
healthcare provider may be appropriate, Māori are instead
disproportionately seeking it through emergency departments.
Missing primary care due to economic and availability reasons
poses inequitable access to preventative care, thus patients
presenting to emergency departments are also more complex,
exacerbating potentially avoidable negative outcomes. Hence,
there is a strong, economically-driven feedback loop where
patients unable to access primary care suffer negative outcomes,

and for Māori in particular, these reasons are both socio-
economic as well as ethnic in origin.

Healthcare inequities due to increased rationing of care
require solutions which enable increased productivity
without an increase in resources. A broadly interoperable
insulin pump paired with an equally openly-accessible
glucose monitor (40) would enable a low-cost, equitable
artificial pancreas system (LEAPS). In addition to improved
patient-led diabetes care, a LEAPS solution would also
more timely and efficient clinician assistance through
cloud-based processing for patient-level and system-wide
analysis.
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