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OBJECTIVE—Effective interventions to prevent, delay, or remit diabetes are currently avail-
able. However, their impact on the prevalence of diabetes at the population level is unknown.
This study aimed to estimate the impact of a range of diabetes interventions on the population
prevalence of diabetes for Australian adults between 2010 and 2025.

RESEARCH DESIGN AND METHODS —We used the Australian Diabetes Projection
Model to estimate the impact of a population-wide strategy, high-risk prevention, surgical di-
abetes treatment, and a combination strategy on the future population prevalence of diabetes and
to estimate the number of diabetes cases that could be potentially prevented in the year 2025.

RESULTS —We estimate that a population-wide strategy would reduce the number of diabetes
cases by 60,000—-85,000 in 2025 from an estimated 2 million cases under the status quo scenario.
A high-risk prevention strategy would result in 106,000 to 150,000 fewer cases of diabetes in
2025, and surgically induced weight loss would result in 3,000-6,000 fewer cases. No single
intervention, or combination of interventions, reversed the increasing trend in diabetes preva-
lence over the next 15 years.

CONCLUSIONS —To reverse upward trends in diabetes prevalence in future years, it is
essential that current approaches to diabetes prevention and treatment are optimized and imple-
mented and that alternative approaches to reduce the prevalence of diabetes at a population level
are developed.
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n Australia, predictions suggest that

among adults over 25 years of age,

diabetes prevalence will increase from
7.4% (1) in 1999/2000 to 11.4% in the
year 2025 (2). This increase is likely to be
paralleled by decreasing quality of life, in-
creased morbidity, and increasing health-
care costs.

Effective interventions to prevent, de-
lay, or remit diabetes are currently avail-
able. These range from population-wide
strategies to alter energy balance or tar-
geted strategies to prevent the progression

to diabetes among those at high risk to
surgically induced weight loss for those
with severe obesity and newly diagnosed
diabetes. Population-wide approaches, tar-
geting the whole population regardless of
risk, can be achieved through community
or regulatory interventions that aim to alter
the environment in which unhealthy
behaviors occur and incentivize healthy
behaviors. However, the evidence base for
such policy and intervention is difficult to
obtain, and we are currently dependent
mostly on modeling studies to draw
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conclusions regarding effectiveness. On
the other hand, landmark randomized
controlled trial (RCT) evidence shows
that intensive lifestyle interventions can
reduce the progression to type 2 diabetes
by 58% among those with impaired glu-
cose tolerance (IGT) or impaired fasting
glucose (IFG) (3). Real-world translations
of these studies have yielded similar results
(4,5). Therapeutic interventions such as
bariatric surgery have also shown to be ef-
fective. RCT evidence demonstrates that
weight-loss surgery for obese patients
with recently diagnosed type 2 diabetes is
associated with a 60-80% remission rate of
diabetes (6-8).

The potential impact of implement-
ing these interventions at the population
level is not known. Such evidence
is essential to inform policy and to ensure
that resources are appropriately directed
toward diabetes prevention and treatment
strategies to reduce the burden of diabetes.

In these analyses, we use a multistate
life table model, developed to project the
prevalence of diabetes in Australian adults
between 2005 and 2025 (2), to estimate
the potential impact of a population-wide
strategy, a high-risk prevention strategy,
and a surgical diabetes treatment strategy
on the population prevalence of diabetes
for Australian adults between 2010 and
2025.

RESEARCH DESIGN AND
METHODS

Overview
We used the Australian Diabetes Projec-
tion Model (2) to estimate the impact of
four intervention strategies on the future
prevalence of diabetes in Australia up un-
til 2025. This model uses data derived
from the Australian Diabetes, Obesity,
and Lifestyle Study (AusDiab) and is
based on the annual incidence of diabetes
as observed between 2000 and 2005 (see
Supplementary Appendix and reference 2
for detailed methodological description
of the Australian Diabetes Projection
Model).

The interventions of interest are de-
scribed below and summarized in Table 1.
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Interventions were compared with the sta-
tus quo scenario whereby the annual in-
cidence of diabetes observed between
2000 and 2005 for the AusDiab cohort
remained unchanged for all projected
years. All interventions were applied to
our model from 2010, and flow-on effects
were estimated to 2025. For each of the
scenarios 1-4, we estimated the likely im-
pact based on a set of realistic assumptions
and a best-case scenario to illustrate the
potential impact of each intervention
should the uptake or effectiveness of the
interventions increase.

AusDiab data source

The AusDiab study (9) is a national, pop-
ulation-based survey and examination of
11,247 Australian adults 25 years of age
or older at baseline (1999-2000). The re-
sponse rate to the baseline survey among
those who completed a household survey
was 55%. In 2004-2005, all participants
were invited to a follow-up examination,
with a follow-up response rate of 60%.
At baseline and follow-up, fasting blood
was collected and a 75-g oral glucose tol-
erance test was undertaken. Diabetes
was diagnosed in accordance with the
World Health Organization criteria (10).
The study was approved by the ethics
commiittee of the International Diabetes
Institute.

Modeled scenarios

Population-wide strategy. To model a
population-wide strategy, we used a hy-
pothetical 10% “junk food” tax described
in a recent modeling study (11). In this

study, the 10% tax was applied to the con-
sumer end price of unhealthy food (where
unhealthy food represented noncore
foods that are high in saturated fat, sugar,
and/or salt and included biscuits, cakes,
pastries, pies, snack food, confectionary,
and soft drink). The tax was assumed to
operate in a similar way to existing Austra-
lian excise taxes on alcohol, tobacco, and
petroleum in addition to the goods and
services tax (11). In our model, the entire
population was exposed to this tax and
BMI was assumed to reduce by 1.8 and
2.4% for men and women, respectively
(derived from the estimated mean reduc-
tion in BMI of 0.6 and 0.5 kg/m” for men
and women, respectively) (11) (Table 1).

Linear regression was used to esti-
mate the relationship between fasting
plasma glucose and 2-h postload glucose
(2hPG) with BMI for men and women and
for three age-groups (25-44, 45-64, and
65+ years) in the baseline AusDiab co-
hort. We used these relationships to re-
duce 2005 levels of fasting plasma glucose
and 2hPG for each participant in the
AusDiab cohort accordingly. We then re-
calculated diabetes (annual) incidence
rates for the study population and mod-
eled these as described above. Although
we have been specific in the type of
population-wide intervention that we
have modeled, in reality the junk food
tax may represent any population-wide
approach that reduces the population
level of glucose by a small amount.

In our best-case scenario, we simply
doubled the effect size to represent a more
optimistic population-wide approach.
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This resulted in a 3.6 and 4.4% reduction
in BMI for men and women, respectively.
High-risk prevention. To test the pop-
ulation impact of a high-risk diabetes
prevention intervention, we reduced the
annual incidence of diabetes by an aver-
age of 14.0% (apportioned across age
categories as observed in the Diabetes
Prevention Program [3], resulting in an
overall annual reduction of diabetes inci-
dence of 11.2, 14.1, and 17.1% for men
and women 25-44, 45-59, and 60-65
years of age, respectively). This estimate
was derived from the product of an as-
sumed 35% capture and uptake of high-
risk individuals into a prevention
program and a mean reduction of diabe-
tes incidence of 40% (Table 1). We based
our assumption regarding uptake of inter-
vention on the recent Australian transla-
tional studies of the U.S. Diabetes
Prevention Program and the Finnish Di-
abetes Prevention Study (the Melbourne
Diabetes Prevention Study, personal
communication) (4). In these studies,
~60% of those approached agreed to be
screened, and of those identified at high
risk after screening, a further 60% agreed
to take part in the intervention (a cumu-
lative capture and uptake of 36%). The
assumption of 40% effectiveness was
based on randomized controlled trial
and real-life translations of high-risk di-
abetes prevention programs (3,12-15).
In this scenario, all individuals aged be-
tween 25 and 65 years with IGT or IFG at
baseline, or newly diagnosed diabetes at
follow-up, were considered eligible for this
high-risk prevention intervention, with

Table 1—Summary of the diabetes prevention and treatment strategies modeled using the Australian Diabetes Projection Model

Current likely scenario

Best-case scenario

Population-wide approach
(junk food tax)

of diabetes prevention studies)

Surgical diabetes treatment (bariatric
surgery)

A 1.8 and 2.4% reduction in BMI for

A 3.6 and 4.4% reduction in BMI for men

men and women, respectively, across
the entire population (aged 25+ years).
High-risk prevention (real-life translation A 40% reduction in diabetes incidence
after intensive lifestyle intervention to
35% of high-risk individuals (with IFG
or IGT) aged between 25 and 65 years.
A 73% remission rate of diabetes among
2.5% of those eligible (BMI =35 kg/m”
with newly diagnosed diabetes and aged
between 25 and 60 years). Postsurgical
incidence of diabetes equal to that of the

and women, respectively, across the
entire population (aged 25+ years).

A 40% reduction in diabetes incidence
after intensive lifestyle intervention to
50% of high-risk individuals (with IFG
or IGT) aged between 25 and 65 years.

A 73% remission rate of diabetes among
5% of those eligible (BMI =35 kg/m? with
newly diagnosed diabetes and aged between
25 and 60 years). Postsurgical incidence of
diabetes equal to that of the general population.

general population.

Combination

Combination of all current likely scenarios from Combination of all best-case scenarios
the population, high-risk prevention, and
diabetes treatment strategies.

from the population, high-risk prevention,
and diabetes treatment strategies.
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the assumption that all those with incident
diabetes passed through the IGT/IFG
state. The intervention effect was assumed
to continue as the cohort aged.

In our best-case scenario, we esti-

mated the potential effect of capture and
uptake into this program was increased
from 35 to 50%.
Surgical diabetes treatment. Our surgi-
cal diabetes treatment strategy was de-
fined as bariatric surgery for anyone aged
between 25 and 60 years, with a BMI =35
kg/m? and recently diagnosed diabetes (at
or within 2 years of baseline survey), or
who developed diabetes over the follow-
up period. Of all eligible participants, we
assumed that 2.5% in any given year
would undergo bariatric surgery, based
on current estimated uptakes of this type
of surgery in Australia (J. Dixon, personal
communication), which was assumed to
remain constant for the duration of the
model (Table 1). Because there is insuffi-
cient evidence describing long-term inci-
dence of diabetes among those who have
undergone bariatric surgery, we assumed
that individuals who receive bariatric sur-
gery and remitted from diabetes were sub-
sequently exposed to the same diabetes
incidence rates as the general population.
The benefit of bariatric surgery was de-
rived from a randomized controlled trial
demonstrating a 73% remission of type 2
diabetes in obese patients with newly di-
agnosed diabetes (<2 years) after adjust-
able gastric banding (6).

In our best-case scenario, we tested
the potential effect of increasing the pro-
portion of those who undergo bariatric
surgery in any given year to 5% of the
eligible population.

Combined intervention approach. In
our combination strategy, we sequentially

applied the population-wide, high-risk
prevention and surgical diabetes treatment
strategies. When applying the surgical di-
abetes treatment strategy, the proportion
of individuals eligible for surgery was as-
sumed not to change from the initial pro-
portion eligible prior to the population-wide
and high-risk prevention strategies (Table 1).

RESULTS

Population-wide strategy

Our modeling of a population-wide in-
tervention demonstrated a reduction in
the projected prevalence of diabetes in
2025 from 11.4% under the status quo
scenario to 11.1 or 10.9% with likely and
best-case scenarios, respectively (Table
2). The likely scenario equated to a reduc-
tion of almost 60,000 diabetes cases, or
3% of the 2,017,873 cases that were pre-
dicted in 2025. In the best-case scenario,
the absolute number of diabetes cases
averted was estimated at >85,000 (4.2%
relative reduction).

High-risk prevention

For the high-risk diabetes prevention in-
tervention, we estimated that in 2025,
almost 130,000 cases of diabetes could be
prevented, or 6.4% of all diabetes cases
compared with the projected status quo
scenario. This reduced the 2025 prevalence
of diabetes to 10.6% (Table 2). In the best-
case scenario, the number of diabetes cases
prevented in 2025 was estimated at
>185,000, a 9.2% relative reduction.
Such a reduction would reduce the preva-
lence of diabetes in 2025 to 10.3%.

Surgical diabetes treatment
For bariatric surgery (Table 2), we esti-
mated that the population prevalence of

diabetes would be reduced to 11.3% in
2025 and that the number of diabetes ca-
ses could be reduced by ~3,000, a rela-
tive reduction of 0.2%. Under best-case
assumptions, the reduction in the abso-
lute number of diabetes cases in 2025
could be doubled. The population preva-
lence of diabetes in 2025 would remain
relatively unchanged at 11.3%.

Combination approach

When combining all the current likely
scenarios, the population prevalence of
diabetes was reduced to 10.4% in 2025,
with >190,000 (or 9.5%) fewer diabetes
cases (Table 2 and Fig. 1). When combin-
ing all the best-case strategies, the preva-
lence of diabetes could be reduced to
10.0% in 2025. This would reduce the
number of diabetes cases by almost
240,000 (representing over one-third of
new cases between 2010 and 2025).

CONCLUSIONS —By modeling the
15-year population impact of a number
of diabetes prevention and treatment
strategies that are currently being imple-
mented or that are under consideration,
we illustrate, for the first time, that the
prevalence of diabetes is likely to increase
in future years, despite best-practice in-
terventions to prevent or remit diabetes.
A combination of interventions, across
the spectrum of population-wide strate-
gies, high-risk prevention, and bariatric
surgery for severely obese individuals,
could result in ~150,000-200,000 fewer
cases of diabetes in 2025. Our modeling
of individual diabetes prevention and
treatment strategies demonstrates that a
high-risk prevention approach would be
the most effective single intervention at

Table 2—Estimated reduction in the number of diabetes cases in Australia in 2025 after various diabetes prevention and treatment scenarios

Likely scenario

Best-case scenario

Relative reduction Prevalence of

Relative reduction Prevalence of

Absolute from status quo  diabetesin 2025  Absolute from status quo  diabetes in 2025
number (%)*A %) number (%)*A %)t
Population-wide approach
(hypothetical junk food tax) 58,834 2.9 11.1 85,176 42 10.9
High-risk prevention (real-life
translation of diabetes
prevention studies) 128,465 6.4 10.6 185,182 9.2 10.3
Diabetes treatment (bariatric surgery) 3,204 0.2 11.3 6,410 0.3 113
Combination 192,925 9.5 10.4 237,275 11.8 10.0

*Assuming no change in recent trends in the annual incidence of diabetes as observed in the 5-year follow-up of AusDiab. ANumber of diabetes cases in 2025 was
estimated at 2,017,873. fPrevalence of diabetes in 2025 was estimated to be 11.4%.
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Figure 1—Projected likely and best-case sce-
nario modeling for diabetes prevalence in 2025
under a combination of population-wide, high-
risk prevention, and diabetes treatment strategies.

reducing the future population burden of
diabetes, with 106,000 to >150,000 fewer
diabetes cases in 2025. The population-wide
approach resulted in ~60,000-85,000
fewer cases of diabetes in 2025. Bariatric
surgery reduced the number of diabetes
cases by 3,000—-6,000. This was not unex-
pected due to the relatively low number of
severely obese individuals with newly di-
agnosed diabetes.

To our knowledge, only one other
study has estimated the effect of diabetes
interventions on the future population
prevalence of diabetes (16). This study
modeled a hypothetical high-risk preven-
tion program among U.S. adults whereby
50% of individuals with IFG were assumed
to enter the program and the incidence of
diabetes was reduced by 50%. Although
this study used slightly more optimistic as-
sumptions than our best-case analysis for
high-risk prevention, it nonetheless re-
vealed that such intervention would re-
duce, but not prevent, future increases in
the prevalence of diabetes (16).

The continued increase of diabetes
prevalence in the face of best-case diabe-
tes prevention and treatment can be
attributed to the relatively high incidence
rates combined with the limited reach and
efficacy of the interventions modeled. In
accordance with the current evidence
base, we restricted our high-risk preven-
tion and bariatric surgery approaches to a
maximum age of 65 and 60 years, re-
spectively, and it is therefore possible that
such approaches miss a large number of
incident diabetes cases beyond these ages.
However, when testing the effect of im-
plementing these interventions across all
ages, the prevalence of diabetes continued
to increase (results not shown). Our

assumed 35% uptake of high-risk indi-
viduals into lifestyle modification pro-
grams and the 2.5% of eligible patients
who undergo bariatric surgery, derived
from existing best-practice evidence, also
limit the population impact of these
strategies. The limited reach of high-risk
prevention strategies may be obviated
through improved detection of high-risk
individuals and subsequent recruitment
and retention in high-risk prevention
programs. Similarly, the provision of
bariatric surgery could be widened. How-
ever, it is important to note that increas-
ing the number of individuals who enter
into high-risk prevention programs or
who undergo bariatric surgery will
require a substantial increase in the ca-
pacity of the healthcare system. In regards
to effectiveness, with the exception of the
population-wide approach, it is unlikely
that the interventions modeled will im-
prove dramatically over future years.
However, our results indicate the impor-
tance of continued improvement in reten-
tion and follow-up of those entering
high-risk prevention and surgical treat-
ment programs, so that the effect of such
interventions are optimized. Furthermore,
as the International Diabetes Federation
acknowledges, reducing the burden of di-
abetes will require attention to the creation
of an environment that is conducive to
healthy food and activity choices (17).
Policies are often needed to create such
sustainable environments, and although
we modeled the effect of one possible
policy, it is likely that a suite of regula-
tory approaches will achieve a larger re-
duction of population levels of glucose
than was assumed in this analysis.

Although a combination of current
best-case diabetes interventions only re-
duced the population prevalence of di-
abetes by 1.4 percentage points in 2025,
the absolute reduction in the number of
diabetes cases in 2025 (representing one-
third of new cases between 2010 and
2025) is substantial if one considers the
costs associated with diabetes. In 2003,
the average annual cost per person with
type 2 diabetes in Australia was estimated
to be between $4,025 and $10,000, de-
pending on the presence and type of
associated complications (18).

The strengths of this study include
the use of a diabetes projection model that
is based on recent estimates of diabetes
incidence in the Australian population,
the ascertainment of diabetes status in the
AusDiab population through the use of
oral glucose tolerance tests, the breadth of

Backholer and Associates

interventions modeled, and the fact that
their effectiveness was drawn from real-
world studies wherever possible.

The limitations relate primarily to the
underlying assumptions of our model and
the quality of evidence related to uptake
and persistence of the interventions ex-
amined. Our model is conditional on the
sustained effect of all interventions for the
duration of the model (15 years). It does
not take into account the likely increase in
diabetes incidence and reductions in
mortality that have been observed in
other populations worldwide (19,20),
nor does it consider any new and effective
interventions that may emerge in the fu-
ture. Furthermore, it is possible that the
diabetes incidence rates used in our
model are not entirely representative of
the Australian population owing to the
potential selection bias of the AusDiab co-
hort, with modest initial and follow-up
response rates. However, as we compared
all interventions to a status quo scenario
that used the same cohort data, this is un-
likely to appreciably impact results. In re-
lation to the quality of evidence regarding
the assumptions made for our interven-
tions, we were limited by the paucity of
empirical evidence describing the effec-
tiveness of a population-wide interven-
tion. We acknowledge that there are
many population-wide interventions
that we could have modeled that may
have led to greater or lesser effects; how-
ever, the evidence base for such interven-
tions is lacking. Any population-wide
approach to diabetes prevention will typ-
ically reduce the level of glucose by a
small amount for the entire population,
resulting in a left shift in the population
distribution of glucose. Indeed, this is
what was achieved with our hypothetical
modeling of a junk food tax, and thus, in
theory, our chosen intervention may in
fact represent any population approach.
We therefore would not expect our re-
sults to be appreciably different regardless
of which population approach was cho-
sen to model. Nevertheless, our popula-
tion-wide intervention modeled herein
depended on a recent modeling study
that derived the effect size for a junk
food tax from the U.K. National Food
Survey estimates of price elasticities and
the 1995 Australian National Nutrition
Survey. As this modeling study pre-
dicted a change in BMI associated with a
junk food tax, we also relied on the asso-
ciation between BMI and glucose in the
baseline AusDiab cohort to obtain a cor-
responding reduction in glucose levels.

care.diabetesjournals.org
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Furthermore, our assumption that the
subsequent incidence of diabetes after
surgical treatment was the same as that
observed in the general population needs
to be confirmed by empirical data. If the
incidence of diabetes is higher in these
individuals, it may be expected that we
overestimated the benefits of this inter-
vention. However, because of the small
number of people who receive surgical
treatment in our modeling, the effects of
this assumption are likely to be minimal.
It is, however, important that models
such as the one we present here are con-
sistently updated as new information be-
comes available.

In addition, the interventions mod-
eled in this study will have additional
benefits for health outcomes other than
diabetes. For example, epidemiological
evidence has demonstrated a continuous
positive relationship between blood glu-
cose and cardiovascular disease, well be-
low the diagnostic threshold for diabetes
(21). Therefore, even a modest reduction
of glucose for a large proportion of the
population will likely translate to consid-
erable health benefits. This has particular
relevance for our population-wide ap-
proach where glucose levels are reduced
by a small amount across the entire pop-
ulation. Furthermore, all interventions
modeled are likely to translate to im-
provements in other risk factors, includ-
ing blood pressure and cholesterol,
resulting in additional health benefits
that we have not considered.

As the prioritization and implementa-
tion of any public health intervention is
ultimately determined by its likely costs
and benefits, it is essential that future work
assesses the cost-effectiveness of each of the
interventions evaluated herein. Although
the high-risk prevention strategy that we
modeled appeared to be most effective
under the current assumptions of uptake
and effectiveness, given the low costs
involved with population-wide interven-
tions, it is likely that the relative cost-
effectiveness of interventions may differ.

In conclusion, diabetes prevalence is
likely to continue increasing despite pub-
lic health efforts. It is essential that current
approaches to diabetes prevention and
treatment are optimized and implemen-
ted and that alternative approaches to
reduce the population burden of diabetes
are developed.
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