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ABSTRACT

Background: Low-calorie diets, high in protein
and low in carbohydrates, are commonly rec-
ommended for patients with pre-diabetes and
type 2 diabetes. The objective of this study was
to carry out a cost-benefit analysis (CBA) of a
low-calorie versus a standard diet from the
perspective of the Saudi Arabian health system.
Methods: The CBA compares costs and benefits
of the two diet strategies over a 1-year time
horizon. Costs included diet and diabetes
treatment-related resources while benefits were

measured in terms of the costs of diabetes
complications avoided. Data on costs and ben-
efits were collected from published literature
and subject matter experts. Incremental costs
were estimated as the cost difference between
low-calorie and standard diet. Incremental
benefits were estimated as cost difference from
medical complications when following a low-
calorie or standard diet. The incremental abso-
lute cost-benefit ratio was calculated to show
the difference between the costs and benefits of
the low-calorie diet. Incremental relative cost-
benefit ratio was calculated to show the cost per
dollar of benefit obtained. Monte Carlo simu-
lation modeled variability in outcomes due to
variation in costs and uncertainty of diabetes
complications.

Prior Presentation: Preliminary version of this analysis
was presented at the Virtual Endocrine Diabetes and
Obesity Congress (VEDOC2022) May 2022.
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Results: The 1 year cost of standard diet was
US$2515 ± 156 compared to US$2469 ± 107
per patient for a low-calorie diet. Incremental
benefit is estimated at US$21,438 ± 7367 per
patient. The estimated incremental absolute
cost-benefit ratio was US$ - 21,360 establishing
that benefits are greater than costs, while the
estimated incremental relative cost-benefit ratio
is 0.0037, establishing that benefits are 270
times greater than costs.
Conclusion: The low-calorie diet was the dom-
inant strategy compared to the standard diet in
modeled scenarios. These findings highlight the
importance of a low-calorie diet as part of dia-
betes management programs for outpatients
with type 2 diabetes.

Keywords: Cost-benefit analyses; Diabetes com-
plications; Low-calorie diet; Type 2 diabetes

Key Summary Points

With the increasing prevalence of diabetes
worldwide, new treatments to manage
diabetes, such as low-calorie and very low-
calorie diets, are being studied

This study models the impact of a low-
calorie diet using oral nutrition
supplements as meal replacements on
healthcare costs from diabetes
complications

The study finds that low-calorie diets have
a mean incremental benefit of US$21,438
± 7367 compared to a standard diet

Low-calorie diets may be a cost-effective
intervention for reducing costs from
diabetes complications

INTRODUCTION

Diabetes mellitus is the most common chronic
endocrine disorder, and its prevalence is quickly
rising around the world. In Saudi Arabia and
many other countries, diabetes is reaching

epidemic proportions. The World Health Orga-
nization (WHO) reported that Saudi Arabia had
the second highest rate of diabetes in the Mid-
dle East and seventh highest in the world in
2016 [1]. Over 10% of the Saudi population is
now living with this condition, and according
to the recent report by the International Dia-
betes Federation (IDF), the prevalence is due to
almost double by 2045 [2]. It must also be noted
that while over 4 million Saudi citizens out of
the population of just under 35 million have
diabetes, almost 2 additional million have the
disease but are not yet diagnosed [2]. The
prevalence of both diabetes and prediabetes
increases significantly with age. According to
several surveys run in Saudi Arabian communi-
ties, almost half of people aged 50 and older
suffer from diabetes and another 10–15% have
prediabetes [3]. The share of the population age
30 and older with prediabetes may be as high as
25.5%, meaning that there are more than 3
million people at risk of diabetes mellitus [4, 5].

Globally, most people living with diabetes
have type 2 diabetes. Key contributors to the
increase in people with diabetes are urbaniza-
tion, an aging population and lifestyle choices
leading to increasing rates of overweight and
obesity, such as an unhealthy diet and the lack
of exercise. The major socio-economic changes
that have occurred over the past 40 years in
Saudi Arabia have significantly contributed to
the rapid growth of diabetes among its popula-
tion. The rise in prosperity and technological
advances have greatly modified the way of life
and moved it from the traditional dependence
on grown natural produce towards the
increased consumption of fast foods and sweet
beverages as well as from a physically active life
inherited from the Bedouin tradition to a more
sedentary culture and over-dependence on
modern comfort and gadgets [6]. In addition,
the indigenous Saudi population appears to
have a specific genetic predisposition to develop
type 2 diabetes, which is aggravated by a rise in
obesity rates, a high rate of consanguinity and
the presence of other variables linked to the
insulin resistance syndrome [7]. In fact, the
escalation propensity of diabetes in Saudi Arabia
has been particular worrying in the recent
past—e.g., in the past 3 years alone diabetes has
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registered an almost ten-fold increase in the
country [1].

High blood sugar levels over a prolonged
period can lead to significant health complica-
tions. The most common consequences of dia-
betes are cardiovascular and neurological
conditions, diabetic retinopathy and diabetic
nephropathy [1]. As a result, diabetes has a sig-
nificant economic impact on the Saudi health-
care system through both the cost of diabetes
medications and the treatment of comorbidities
as well as the indirect costs related to loss of
productivity, disability and early mortality by
disease [6]. The current trend in the diabetes
statistics indicates that the healthcare utiliza-
tion and medical care costs in Saudi Arabia will
rise to unsustainable levels unless an efficient
and wide-ranging epidemic control program is
introduced and incorporated throughout the
country [1]. Contrary to its perception as an
incurable, chronic disease with potentially life-
threatening complications, diabetes symptoms
can be managed with proper treatment, control
measures and prevention techniques [1].

The awareness campaigns and prevention
programs centered on education around the risk
factors and complications linked to the pro-
gression of the disease are critical for diabetes
care and management. As overweight and obe-
sity are among the main contributors to the
development of diabetes [8], weight loss could
be seen as the primary approach for nutritional
management of the disease. Compared to stan-
dard care, restricting the dietary energy intake
by following a low-calorie diet—together with
other approaches—may lead to superior weight
loss, improvement of glycemic control and
reversal of diabetes symptoms [9]. The DiRECT
trial used a 3-month (extendable up to
5 months if desired by participant) total diet
replacement phase to induce weight loss [10].
During this phase, intervention group partici-
pants consumed 825–853 kcal/day consisting of
59% carbohydrate, 13% fat, 26% protein and
2% fiber. Intervention group participants lost
an average of 14.5 kg during the total diet
replacement while control group patients lost
1 kg bodyweight. Participants in the interven-
tion group experienced an average weight
regain of 2.9 kg in subsequent study phases.

Average HbA1c fell by - 0.9% in the interven-
tion group, but increased by 0.1% in the control
group.

This study conducted a cost-benefit analysis
(CBA) of following a low-calorie diet, high in
protein and low in carbohydrates, to manage
diabetes, versus a standard diet. The analysis
was conducted from the perspective of the
Saudi Arabia health system. In the proposed
low-calorie diet scenario, one to two meals per
day were replaced by a meal replacement pro-
duct (Glucerna� SR). Diet- and treatment-re-
lated costs and benefits from avoiding diabetes-
related costs and complications were modeled
to identify an efficient strategy through which
outpatients with type 2 diabetes may experience
fewer diabetes-related complications, require
fewer diabetes medications and rely less on
healthcare resource use.

METHODS

Types of CBA Analyses

The CBA compares costs and benefits of the two
diet strategies expressed in monetary value over
a 1-year time horizon [12]. Costs measured
included diet- and diabetes treatment-related
costs. Benefits were measured in terms of costs
avoided by the reduction of diabetes-related
complications. This analysis focused on two
comparisons of costs and benefits. First, the
incremental absolute cost-benefit (IACB) shows
the difference between the incremental costs
and incremental benefits of the low-calorie diet
and is a measure of whether benefits are greater
than costs. Second, the incremental relative
cost-benefit ratio (IRCB) is the ratio of incre-
mental costs to incremental benefits and shows
the cost per dollar of benefit obtained. Incre-
mental costs were estimated by the difference in
costs for the low-calorie and the standard diets.
Incremental benefits were estimated by the
difference in costs from diabetes complications
when following a standard diet and costs from
diabetes complications from following a low-
calorie diet.
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Costs

All costs in the model were expressed in US$
(2021).

Information on healthcare resource utiliza-
tion, probability of complications and use of
diabetes medications under a standard diet and
under a low-calorie diet was obtained from the
available scientific literature, statistical reports
and professional experience of clinical experts
in Saudi Arabia (S.A.S., R.A.).

The cost of the standard diet for an individ-
ual in Saudi Arabia was estimated by ‘‘average
monthly household expenditure on food and
beverage in Saudi Arabia 2018’’ [11] divided by
the average household size. Assuming a diet of
three meals of equal costs, the cost of the low-
calorie diet was estimated by replacing the cost
of one to two thirds of monthly food and bev-
erage expenditures by the cost of using a meal
replacement product (Glucerna� SR) for those
meals. Average diet cost in Saudi Arabia was
estimated to be US$1708 over 1 year for a
standard diet and a between US$1912–2115 for
a low-calorie diet, depending on whether just
one or two meals were replaced [11].

The costs of diabetes-specific medications
were obtained from Saudi Arabian experts and
based on the disclosed public price. The reduced
need for diabetes medication leading to smaller
medication costs under a low-calorie diet was
based on the experts’ clinical experience and on
the data from an internal audit performed in a
tertiary diabetes center (Diabetes center in
Alhada & Taif Armed Forces Hospital). Specific
diabetes medication costs were estimated to
range between US$540–1080 under a standard
diet and between US$300–612 under a low-
calorie diet. It was estimated that, on average,
patients with type 2 diabetes are mostly taking
2–3 diabetes-specific medications such as met-
formin, sulfonylureas and dipeptidyl peptidase
type IV (DPP-4) DPP-4 inhibitors. Some patients
are also receiving basal insulin (glargine) or
premixed insulin analogs. A small number of
patients might take more expensive medica-
tions such as glut-2 transporter inhibitors
(SGLT-2 inhibitors) or glucagon-like peptide 1
receptor agonists (GLP-1 RA), which have not
been included in these costs.

Benefits

As noted previously, benefits were estimated by
the difference in costs of diabetes complications
under a standard diet and the costs of compli-
cations under a low-calorie diet. Diabetes com-
plications considered in the model were:

• Limb amputation (from toe amputations to
below knee amputations),

• Diabetic retinopathy,
• Coronary heart disease,
• Ischemic stroke,
• Peripheral artery disease,
• Peripheral diabetic neuropathy,
• Heart failure, and
• Chronic renal failure.

As with the costs of the standard diet and
diabetes medication, data on the probability of
diabetes-related complications and the costs of
managing these complications were collected
through available scientific literature [12] and
consultation with local experts (diabetologists,
ophthalmologists, cardiologists, internists,
neurologists and nephrologists). Costs and
incidence of complications over 1 year are pre-
sented in Table 1.

Monte Carlo Simulation

Monte Carlo simulation was used to incorporate
variability of input data in the estimates of the
benefits and costs of the two strategies. The
model was simulated 100,000 times using esti-
mates drawn from the potential data distribu-
tions of input variables [13]. This modeling
approach manages uncertainty by considering
the distribution of each variable parameter. For
instance, for each strategy, resource utilization
(such as low-calorie diet costs, prescription
drugs costs, management of diabetes complica-
tions, etc.) is estimated across the distribution
ranges for each parameter. The simulation
model was programmed to account for the
entire distribution of costs for each pre-defined
parameter. Costs and probabilities were
assumed to be uniformly distributed between
minimum and maximum values.
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Table 1 Costs of diabetes complications (in US$ 2021) and incidence (minimum-maximum) with standard diet and low-
calorie diet (source: local practices in Saudi Arabia)

Min
costs

Max
costs

Min-max
prob
Standard
diet

Min-max
prob
Low-
calorie
diet

Sources

Limb

amputation

12,000 18,000 15–40% 5–20% Non-published local public/private practices records and

expert opinions (co-authors SAS, RA, DALR)

Diabetic

retinopathy

8000 21,000 20–45% 10–25% Mata-Cases et al.; Alharbi et al.; non-published local public/

private practices records and expert opinions (co-authors

SAS, RA, DALR)

Coronary heart

disease

35,000 60,000 30–55% 20–40% Mata-Cases et al.; Diabetes Care 2021;44(Suppl.

1):S125–S150; Diabetes Care 2021;44(Suppl.

1):S111–S124; non-published local public/private practices

records and expert opinions (co-authors SAS, RA, DALR)

Ischemic stroke 18,000 23,000 15–25% 10–15% Mata-Cases et al.; al-Rajeh et al.; Awada et al.; Diabetes Care

2021;44(Suppl. 1):S125–S150; Diabetes Care

2021;44(Suppl. 1):S111–S124; non-published local public/

private practices records and expert opinions (co-authors

SAS, RA, DALR)

Peripheral

artery disease

12,000 20,000 25–60% 10–25% Mata-Cases et al.; Badran et al.; Diabetes Care 2021;44(Suppl.

1):S125–S150; Diabetes Care 2021;44(Suppl.

1):S111–S124; non-published local public/private practices

records and expert opinions (co-authors SAS, RA, DALR)

Peripheral

diabetic

neuropathy

2500 3400 40–70% 30%–40% Mata-Cases et al.; Wang et al.; Almohisen AA et al.; Diabetes

Care 2021;44(Suppl. 1):S151–S167; non-published local

public/private practices records and expert opinions (co-

authors SAS, RA, DALR)

Heart failure 15,000 25,000 20%–30% 15–25% Mata-Cases et al.; Diabetes Care 2021;44(Suppl.

1):S125–S150; Diabetes Care 2021;44(Suppl.

1):S111–S124; non-published local public/private practices

records and expert opinions (co-authors SAS, RA, DALR)

Chronic renal

failure

10,000 25,000 30–60% 10–35% Mata-Cases et al.; Al-Rubeaan et al.; Diabetes Care

2021;44(Suppl. 1):S111–S124; non-published local public/

private practices records and expert opinions (co-authors

SAS, RA, DALR)
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Ethical Approval

Ethics committee approval was not required for
this article. It is a modeling activity based on
existing data. No new data from human par-
ticipants were collected. This study was per-
formed in accordance with the Helsinki
Declaration of 1964 and its later amendments.

RESULTS

The model estimated mean costs from diabetes-
related complications of US$54,427 ± 6051
under a standard diet (see Fig. 1), with mini-
mum and maximum costs of US$34,564 and
US$80,246, respectively. Under a low-calorie
diet, mean costs from diabetes-related compli-
cations were estimated to be US$32,996 ± 4209
with minimum and maximum costs of
US$19,861 and US$49,757, respectively (Fig. 1).
The estimated mean cost of a standard diet was
US$2,515 ± 156 while the estimated mean cost
of a low-calorie diet was US$2469 ± 107.

Using these estimates, the mean incremental
benefit (costs of complications under a low-
calorie dietminus costs of complications under a
standard diet) was estimated to be US$21,438 ±

7367, and the estimated incremental cost (total
costs of low-calorie diet minus total costs of
standard diet) was US - $48 ± 189. This results
in an estimated incremental absolute cost-bene-
fit ratio of US$ - 21,360, establishing that bene-
fits are greater than costs. Estimated incremental
relative cost-benefit ratio is 0.0037, indicating
that benefits are 270 times greater than costs.

DISCUSSION

The cost-benefit analysis approach used in this
study has several advantages in the analysis of
diet programs and their impact on diabetes. The
present CBA compares interventions and their
consequences in which both costs and resulting
benefits are expressed in monetary terms. An
adequate diet for patients with type 2 diabetes
minimizes complications, serving as a crucial
prevention strategy called ‘‘tertiary prevention’’
in public health, which complements the

primary and secondary prevention efforts. Pri-
mary prevention focuses on preventing the
disease from occurring in the first place, while
secondary prevention aims to detect the disease
in its early stages. CBA analyses are particularly
relevant in these three levels of prevention. The
approach in this study underlines that diabetes
treatments utilizing diet are efficient strategies.
Additionally, calculating the costs of diabetes
complications avoided provides a robust
approach to estimating benefits without using
willingness-to-pay surveys, which are often
inconsistent across populations and over time.
In addition, the CBA methodology avoids the
limitations and fragile assumptions of cost-
utility analyses (CUA) based on the inconsistent
Quality Adjusted Life Years (QALY) indicator
strategies [14, 15].

Although type 2 diabetes has been on the rise
for a number of years in Saudi Arabia [1], there
does not seem to be a standardized approach in
either studying its prevalence and progression
or the treatment through medication or nutri-
tional strategies [1]. Depending on the geo-
graphical region, the level of care can differ
quite significantly across geographic regions
with some medical centers providing support
ranging from primary care to an endocrinolo-
gist and a dietitian or a nutritional therapist
where in other locations patients are treated
mainly by family physicians, with the medica-
tion being the first and only line of treatment,
and do not have access to a dietitian. As a result,
recommendations and general awareness
regarding the importance of the diet, physical
exercise and the role of lifestyle patterns in type
2 diabetes prevention and management lack
consistency [16, 17]. Even for those who do
speak to dietitians, the obvious challenge lies in
achieving long-term adherence to healthier
eating patterns. While adherence to medication
commitment activities is among the most
practiced self-care attributes, adherence to
major lifestyle modifications such as healthy
diet and physical exercise is often poor [18]. An
additional challenge is the place food occupies
in Saudi culture as an important symbol of
hospitality [16]. There is, however, a growing
trend in the public health awareness and self-
management programs, both globally and in
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the Gulf countries like Saudi Arabia, that aim to
promote and implement multidisciplinary dia-
betes care including education, attending
check-ups at specialized clinics, dietary guideli-
nes and physical exercise [16, 19, 20].

In terms of nutritional strategies for diabetes
management, the concept of a low-calorie diet
has not been regularly practiced. Using meal
replacement products such as Glucerna�, as was
used in this study’s modeled scenarios, which
are low in calories and carbohydrates but rich in
protein and other nutritional elements, may
provide an alternative and act as a potential
transition phase towards consuming healthier
foods on a more regular basis. In addition to the
balanced nutritional profile, the benefit of such
products lies in the ease with which most
patients can adhere to using them as opposed to
bringing immediate and radical changes in their
daily cooking and eating routines to shift their
diet towards healthier alternatives. By reducing
the number of carbohydrates in the patients’
diet, low-calorie meal replacement products
may also reduce the fat mass and increase lean
body mass, leading naturally to weight loss and
improvements in the metabolic parameters
[21]. While results from trials employing a low-
calorie diet have varied, it is clear that such
programs should be seen as part of a permanent
lifestyle change rather than a temporary inter-
vention [22].

Increasing levels of diabetes prevalence and
economic burden around the world, often due
to factors discussed here, suggest that a diet-
based approach to diabetes management would
have wide applicability. Even in areas following
traditionally health-promoting Mediterranean-
style diets, the growing popularity of fast food
has led to many health problems, including
diabetes, among their populations. A Spanish
study looked at the impact of two meal
replacement strategies on cardiovascular risk
parameters in patients with obesity and
osteoarthritis. The study showed that at
3 months patients using meal replacement
products had lost weight and had a clear
improvement in the lipid parameters, glycemic
control and systolic blood pressure [23]. The
multinational PREVIEW trial, initiated in 2013,
examined type 2 diabetes prevention in adults

with prediabetes through changes in nutrition
and increase in physical activity over 3 years.
The study demonstrated that combining an
initial low-calorie diet to lose weight and a long-
term maintenance diet accompanied by a
physical activity program could achieve longer
term weight loss and reduce the risk of devel-
oping type 2 diabetes [24].

Limitations

The approach used in this study does have
several limitations. First, this study measures
and quantifies the benefits of low-calorie diet in
diabetes using an economic evaluation
approach, assuming patient adherence and
results similar to those identified in published
studies. Second, this study was based on obser-
vational data rather than a head-to-head com-
parative trial, leaving open the potential for
confounding bias. However, cost assessments
conducted alongside clinical trials lead to pro-
tocol-driven criteria that may not be generaliz-
able to a non-study setting. Third, the
information regarding healthcare resource uti-
lization was obtained from the literature,
reports, or clinical expert experience, which
may not be as generalizable as insurance claims
data. However, such data were not available for
this analysis.

CONCLUSION

The management of diabetes and diabetes-re-
lated complications imposes a significant eco-
nomic burden on the Saudi Arabian healthcare
system. The scenarios modeled in this study
illustrate that the patients with type 2 diabetes
adhering to a low-calorie diet with one to two
meal replacements per day have significantly
lower healthcare resource use than patients
following a standard diet, making the low-
calorie diet the dominant strategy compared to
the standard diet. While many physicians have
long been aware of the positive results that
could be achieved by patients with diabetes
following a low-calorie diet, this study underli-
nes the benefits gained and costs avoided
through comparison of a standard diet and a
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low-calorie diet and highlights the importance
of a low-calorie diet as part of diabetes man-
agement programs for outpatients with type 2
diabetes. The results of this model can provide
evidence-based data to inform the decision-
making process of governmental and healthcare
bodies and raise awareness about the nutritional
solutions for patients with diabetes.
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