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Purpose: This study aims to predict the expected cost savings associated with implementing a multidisciplinary team (MDT)
approach to reduce macrovascular and microvascular complications among patients with type 2 diabetes mellitus (T2DM).
Methods: This economic evaluation study was conducted in Riyadh First Health Cluster, Saudi Arabia as a predictive model
conceptualized by the authors based on models used in previous studies, particularly the CORE Diabetes Model. Our model was
designed based on 1) the level of glycemic control among 24,755 T2DM patients served by MDTs; 2) the expected incidence of
diabetes-related complications without intervention; 3) the predicted risk reduction of developing diabetes-related complications with
MDTs. Costs of complications and cost savings were then calculated and expressed as mean incremental annual cost savings adjusted
for a 1% reduction in HbAlc, and a 10 mmHg reduction in systolic blood pressure (SBP).

Results: Along with the expected reduction in all diabetes-related complications, the average incremental cost savings per diabetic
patient is predicted to be ($38,878) with approximately ($11,108) in the year of complication onset and ($27,770) over the subsequent
post-index 10-years. On adjustment of cost savings, the average incremental cost savings are predicted to be ($22,869) for each 1%
reduction in HbAlc per diabetic patient and ($27,770) for every 10 mmHg reduction in SBP per diabetic patient.

Conclusion: MDT as a model of care is effective in glycemic control among T2DM patients with a predicted significant reduction of
all diabetes-related complications and in turn, a predicted significant cost savings.
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Introduction
Diabetes has grown over the past few decades as one of the most life-threatening chronic diseases, resulting in costly
complications, and increasing the burden on both individuals and the healthcare system.' The prevalence of diabetes
worldwide has been estimated in 2021 to be over 10.5% (536.6 million people), with the expectation to reach 12.2%
(783.2 million) by 2045.

The Kingdom of Saudi Arabia (KSA) has approximately seven million diabetic cases. KSA was rated by the World
Health Organization (WHO) as the second-highest country in the Middle East and the seventh worldwide regarding the
prevalence of diabetes.” Around ninety percent of all cases of diabetes are Type 2 diabetes mellitus (T2DM).*> The
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increasing prevalence of diabetes in KSA is primarily resulting from population aging, advancing urbanization, and
significant shifts in lifestyle in the direction of lack of exercise, increased obesity, rising smoking, high blood pressure,
and unhealthy nutrition.®®

Poor glycemic control may lead to serious macrovascular and microvascular complications including cardiovascular
disease (CVD), stroke, diabetic nephropathy, diabetic retinopathy, and diabetic neuropathy (DN).”"'* The majority of
those with diabetes have a minimum of one co-morbidity, and about forty percent of them have at least three co-
morbidities."* Proper control of hyperglycemia is projected to prevent or postpone the development and worsening of
macrovascular and microvascular consequences of diabetes.'>'¢

The global health expenditures related to diabetes had been estimated at 966 billion USD in 2021 and are anticipated
to increase to 1054 billion USD in 2045. Among the Gulf Cooperation Council (GCC) nations, The KSA recorded the
highest diabetes-related expenses consuming nearly 21% of its total health expenses on the care of diabetic patients
compared to 16% and 19% in other GCC.!” Inpatient care for macrovascular and microvascular complications of
diabetes accounted for proximity 43% of the overall healthcare expenses of diabetes, according to the American
Diabetes Association’s (ADA) estimate of the direct healthcare expenses of diabetes in 2017.'"8

Multi-Disciplinary Team (MDT) approach has been implemented in many countries that are faced with an increasing
burden of cost caring for an increasing population with chronic diseases.'® Several studies concluded that using multi-
disciplinary teams, as a model of care delivery, was associated with improved glycemic control and a major reduction in the
cumulative incidence of complications related to diabetes with a significant reduction in healthcare costs.”**2

Many previous studies, utilizing a variety of models, revealed that interventions to prevent or delay the complications
of T2DM are translated into cost savings in healthcare expenditures.*>*!%"1215 The CORE Diabetes Model (CDM) is
a validated and updated model that includes risk equations based on long-term follow-up. CDM represents one of the best
options for modeling complication incidence and evaluating health economic outcomes among diabetics.'>**

Globally, there is an insistent desire of nations, policymakers, and health economists to reduce the economic burden
of diabetes and its related complications’ costs.® Therefore, this study was conducted to predict the expected cost savings
associated with implementing a multidisciplinary team approach for reducing the macrovascular and microvascular

complications among T2DM patients.

Methods
Study Design and Setting

This economic evaluation study is conceptualized as a predictive model for expected cost savings from the expected
reduction in macrovascular and microvascular complications related to T2DM after the application of the MDT approach
for improving care and follow-up of chronic diseases, especially diabetics. Riyadh First Health Cluster (RFHC), in KSA,
started in 2020 to provide the case manager-led MDT approach among its primary healthcare centers. From 2020 up to
2023, a total number of 24,755 patients with uncontrolled T2DM (HbAlc >8%) received care and were followed up
every three months by MDTs throughout RFHC. Our study included the final analysis reports for regular measurements
of some health metrics that reflect the level of glycemic control among these 24,755 diabetic patients (HbAlc and
systolic blood pressure). Another hypothetical comparator group was considered in our analysis and was assumed to
receive ordinary care for patients with T2DM.

Assessment of MDT Approach Outcomes

The effectiveness of the MDT approach was assumed to be a reduction of 1.7% in HbA1c and a reduction of 14 mmHg in
Systolic Blood Pressure (SBP) based on three analyzed annual reports of medical affairs in RFHC from 2020 to 2023.
Glycemic control was estimated firstly at baseline as HbAlc concentration and SBP measurement and then every 3
months over time with an updated mean of annual HbA1c and SBP measurements. At baseline, all served T2DM patients
with uncontrolled diabetes had poor glycemic control (HbAlc >8%).
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Conceptualization of Predictive Model of Risk Reduction
Our predictive model was innovated and conceptualized by the authors as a combination of a variety of cost-
minimization and cost-saving estimation models used in previous studies to assess interventions to prevent or delay
the complications of T2DM, particularly the CORE Diabetes Model (CDM).*>10712:1524 Thjg predictive model is based
on two main items 1) the expected cumulative incidence of diabetes-related complications among the hypothetical
comparative group without the MDT approach; 2) the predicted risk reduction of developing diabetes-related complica-
tions among our 24,755 T2DM patients served by the MDT approach. Figure 1 illustrates the full structure of our model
and the steps followed.

First, we estimated the average cumulative incidence of macrovascular and microvascular complications related to
diabetes from the previously published relevant literature on diabetic patients receiving ordinary medical care.®'*!>-252°

In addition, we reviewed the previously published relevant literature to estimate the average risk reduction of
developing such macrovascular and microvascular complications because of proper glycemic control using the reference
case of a 1% reduction in HbA1¢.'>!%-30734

Second, we estimated the predicted risk reduction in such complications among our patients served by the MDT
approach. This was calculated by multiplying (the average risk reduction of developing such complications per a 1%
reduction in HbAlc) by 1.7 (the average reduction in HbAlc among our patients under the MDT approach).

Finally, we predicted the total number of complicated cases that will be prevented with the MDT approach by
multiplying (the predicted risk reduction in the occurrence of such complications among our patients after the MDT
approach) by 24,755 (the total number of patients served by the MDT approach).

Calculation of Cost Savings

We calculated the magnitude of cost differences that may arise from differences in complication incidence between both
the MDT and hypothetical groups. Costs were estimated for each pair during the index year of complication, as well as
the subsequent post-index 10 years. The costs included the cost of different secondary-care activities and other atypical
activities (eg dialysis, amputation, physiotherapy, and prosthetics). The final costs presented in this model were
exchanged for US dollars inflated to 2023 values.

First, the Financial Support Group in RFHC (FSG-RFHC) calculated the total annual costs per case, in Saudi Riyal
(SR), for each diabetes-related complication pertaining to medications, procedures, consultations, and services during
the year of onset of the complication event. These calculations are based on the data from 1) the five-year projects by the
Strategy Planning Office at the KSA Ministry of Health, 2) the operating expenses analysis report, 3) the Center of
Spending Efficiency, and 4) the price list of Saudi Medical Cities. The costs for each complication were estimated
depending on the following assumptions (The average cost of one-day hospital admission Including surgery = 6465
SR; day hospital admission does not include surgery = 5479 SR; one-session Hemodialysis dialysis: = 1282 SR “3 times
a week”; one-session physiotherapy = 500 SR; stent = 5000 SR per piece; 15,000-70,000 SR average for Orthotics and
Prosthetics (Saudi Medical Cities Rate)). However, the costs of some complications in the subsequent post-index 10
years were estimated from the previously published relevant literature assuming a uniform distribution (ie, equal costs of
complications in each post-index year).*>'> No discounting was calculated as we assume this constant cost pattern,
aiming to determine the lowest predicted cost minimization estimates and be more precise.>'

Second, the cost savings, from the reduced risk of developing each complication, were calculated by multiplying (The
total costs from each complication) by (the predicted number of reduced complicated cases with the MDT approach).
Then, all-complication healthcare costs resulted from the sum of total costs from each complication. All costs are
adjusted to 2023 US dollars using a currency converter depending on the Saudi Central Bank price exchange rates for
foreign currencies (1 USD = 3.75 SR).

Finally, we conducted a microsimulation analysis of mean incremental annual costs among both the MDT and
hypothetical groups. The mean incremental cost savings were calculated by adjusting the total cost savings from the
reduction in complication rates to the number of T2DM patients, a 1% reduction in HbAlc, and a 10 mmHg reduction in
SBP (Figure 2).
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Average cumulative incidence of each diabetes-related complication

1 Multiply by the risk reduction of developing a
complicationfor a 1% reduction in HbA1c

P

Expected reduction in incidence of each complication with 1% reduction in HbAlc

Multiply by 1.7 (the reduction in HbA1c among
our MDT-served patients)

.

Predicted reduction in the incidence of each complication among our patients with 1.7%

reduction in HbAlc

Multiply by 24755 (MDT-served patients with
uncontrolled T2DM having HbA1c >8%)

Predicted number of complicated cases that will be prevented for each complication

|4l

Multiply by costs for each complication in the

4 index year and subsequent post-index 10 years

Total predicted cost savings form each prevented complication

|¢

Summation of the total cost savings from

5 preventing different complications

Total predicted cost savings form prevented complications among our patients

6 Divided by 24755 (our MDT served patients)

Predicted mean cost savings per each T2DM patient served by our MDTs

|¢

Divided by 1.7 Divided by 1.4
(improvement in glycemic control) (improvement in SBP)

A

Predicted mean incremental cost savings per each T2DM patient

(adjusted for 1% reduction in HbAlc) (adjusted forh OmmHg reduction in SBP)

Figure | Our predictive model structure.
Abbreviations: MDT, multidisciplinary team; SBP, systolic blood pressure.

Statistical Analysis

Data from RFHC annual reports were extracted and analyzed using SPSS version 21 software. Data were summarized
and their descriptive were displayed statistics as the mean and standard deviation for (HbAlc and SBP), and as the
proportions and percentages for (complication incidence and predicted risk reduction). Costs, total cost savings, and
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B) Predicted Mean Incremental Cost Savings per T2DM Patient
Adjusted for 1% Reduction in HbA1lc
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C) Predicted Mean Incremental Cost Savings per T2DM Patient
Adjusted for 10 mmHg Reduction in Systolic BP
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Figure 2 Microsimulation analysis of predicted annual mean incremental cost savings of the multi-disciplinary team approach over 10 years: (A) per T2DM patient; (B) per
T2DM patient adjusted for 1% Reduction in HbAlc; (C) per T2DM patient adjusted for 10 mmHg reduction in SBP.
Abbreviations: SBP, systolic blood pressure; T2DM, type 2 diabetes mellitus.

incremental cost savings were calculated and expressed in both Saudi Riyals and USD. A hierarchical algorithm was
used to identify the reduction in the number of individuals with T2DM-related complications then the predicted cost
savings were calculated (Figure 1). The algorithm depends on the improvements in A1C level and SB pressure (reported
in Table 1); the cumulative incidence of diabetes-related complications and the predicted risk reduction with MDT
intervention (reported in Table 2); and the costs associated with each macrovascular or microvascular diabetes-related
complication as per case (reported in Table 3). If a T2DM subject has intervention, the model does not allow the
progression of full risk ratios of developing microvascular or macrovascular complications but does allow the
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Table | Impact of Multidisciplinary Team Approach on Glycemic Control and Blood Pressure Control Among
Managed T2DM Patients (N=24755)

Outcomes Baseline Assessment | After MDT Follow-Up | Mean Change | p-value
Mean SD Mean SD

HbAIC (%) 10.2 1.3 8.5 1.4 -7 < 0.001*

Systolic Blood Pressure (mmHg) 145 17.2 131 14.9 —14 < 0.001*

Note: *P < 0.05 is significant.
Abbreviation: MDT, Multi-Disciplinary Team.

Table 2 Predictive Model for the Incidence and Risk Reduction of Complications per 1.7% Reduction in HbAlc Among T2DM
Patients Managed by Multidisciplinary Team Approach

Diabetes-Related From the Literature Predicted Risk Predicted Number of Diabetes-Related
Complications and Reduction in our Model Complications
Long-Term Adverse K per 1.7% Reduction in i .
Average Average Risk Without With MDT Net

Events HbAIc

Cumulative Reduction per 1% MDT Approach Reduction in

Incidence of Reduction in Approach Cases

Complications HbAIc

% Ref. % Ref.
Myocardial infarction 17.1 613 14 1215 23.8 4233 3226 1007
Angina 228 14 I s 18.7 5644 4589 1055
Heart failure 4 » 16 2 272 990 721 269
Stroke 37 e 15 s 255 916 683 233
Neuropathy 483 15 27 15 459 11,957 6469 5488
Diabetic foot care 25 2 25 1530 425 6189 3559 2630
Amputation 1.2 z 26 3132 442 297 166 131
Cataract 249 2 19 12 323 6164 4174 1990
Proliferative Retinopathy | 18.3 15 37 12 62.9 4530 1681 2849
Nephropathy and ESRD 14.7 sle 13 1533 22.1 3639 2835 804
Severe hypoglycemia 10.7 » 31 3 52.7 2649 1254 1395

Abbreviations: ESRD, End Stage Renal Disease; MDT, Multi-Disciplinary Team; Ref., Reference.

progression of the reduced risk ratios for such complications (reported in Table 4). All complications annual cost
comparisons were conducted along a hypothesized 11 years of follow-up (the year of complication, post-index year 1 to
10) between T2DM patients intervened by MDT and their hypothetical matched controls of T2DM patients without
intervention (Figure 2).

Results

The recorded improvements in the glycemic control and systolic blood pressure control of 24,755 patients with
uncontrolled T2DM, who were managed by MDT approach, are included in the final analysis of our study. Table 1
summarizes the differences between the baseline and final levels of both HbAlc and systolic blood pressure after MDT
intervention. There is a significant reduction in the mean levels of HbAlc from 10.2% to 8.5% (—1.7%, p < 0.001) and
systolic BP from 145 mmHg to 131 mmHg (=14 mmHg, p < 0.001).
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Table 3 Costs Associated with Macrovascular and Microvascular Complications of Diabetes per Case

Complications of Calculated Costs at the Average Costs of Complication for
Uncontrolled Diabetes | Onset of Complication/Per Case | Every Subsequent Year/Per Case
Costs (SR) Ref.
Myocardial Infarction 42,329 2030 4
Angina 27,395 2501 4
Heart Failure 45,260 1978 4
Stroke 181,041 2515 4
Neuropathy 15,422 15,422 513
Diabetic Foot Care 99,178 - -
Amputation 104,726 10,500 FSG-RFHC
Cataract 6466 1180 FSG-RFHC
Proliferative Retinopathy 167,463 1431 15
Nephropathy and ESRD 60,274 200,000 FSG-RFHC
Hypoglycemic Episodes 5497 - -

Abbreviations: ESRD, End Stage Renal Disease; Financial Support Group; MDT, Multi-Disciplinary Team; Ref., Reference; RFHC,

Riyadh First Health Cluster.

Table 4 Predicted Cost Savings Associated with the Implementation of Multidisciplinary Team Approach Among 24,755 T2DM

Patients
Complications of Predicted Number Predicted Cost Savings (in Millions) Total Predicted Cost
Uncontrolled Diabetes of Reduced Savings Per Each
. At the Year of Onset of Over the L. .
Complicated Cases L. Complication (in
Complication Subsequent 10 Years of .
L. Million)
Complication

Myocardial Infarction 1007 42.63 20.44 63.07 SR (16.82 USD)
Angina 1055 28.90 26.39 55.29 SR (14.74 USD)
Heart Failure 269 12.17 5.32 17.49 SR (4.66 USD)
Stroke 233 42.18 5.86 48.04 SR (12.81 USD)
Neuropathy 5488 84,64 846.35 930.99 SR (248.26 USD)
Diabetic Foot Care 2630 260.84 - 260.84 SR (69.56 USD)
Amputation 131 13.72 1.37 15.09 SR (4.02 USD)
Cataract 1990 12.87 23.48 36.35 SR (9.69 USD)
Proliferative Retinopathy 2849 477.1 40.77 517.87 SR (138.1 USD)
Nephropathy and ESRD 804 48.46 1608.00 1656.46 SR (441.72 USD)
Severe Hypoglycemia 1395 7.69 - 7.69 SR (2.04 USD)
Total Predicted Cost Savings (in millions) 1031.18 SR (274.98 USD) 2577.99 SR (687.46 USD) | 3609.17 SR (962.44 USD)
Predicted Mean Incremental Cost Savings per 41,655 SR (11,108 USD) 104,140 SR (27,770 USD) 145,795 SR (38,878 USD)
each T2DM Patient (in thousands)

(Continued)
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Table 4 (Continued).

Complications of Predicted Number Predicted Cost Savings (in Millions) Total Predicted Cost
Uncontrolled Diabetes of Reduced Savings Per Each
. At the Year of Onset of Over the L. .
Complicated Cases L Complication (in
Complication Subsequent 10 Years of o
L. Million)
Complication

Predicted Mean Incremental Cost Savings 24,502 SR (6534 USD) 61,259 SR (16,335 USD) 85,761 SR (22,869 USD)
Adjusted for 1% Reduction in HbAlc (in
thousands)
Predicted Mean Incremental Cost Savings 29,753 SR (7934 USD) 74,385 SR (19,836 USD) 104,139 SR (27,770 USD)
Adjusted for 10 mmHg Reduction in SBP (in
thousands)

Abbreviations: ESRD, End Stage Renal Disease; SR, Saudi Riyal; T2DM, Type 2 Diabetes Mellitus; USD, United States Dollar.

Among our cohort of 24,755 patients with T2DM, who were Managed by Multi-Disciplinary Team Approach, we
predict a risk reduction in all diabetes-related complications. The risk of CVDs and stroke related to diabetes is predicted
to be reduced by (18.7% for angina, 23.8% for Myocardial Infarction (MI), 27.2% for Heart Failure (HF), and 25.5% for
stroke) respectively. In addition, the risk of diabetic neuropathy and its subsequent adverse events are predicted to be
reduced by (45.9% for diabetic peripheral neuropathy (DPN), 42.5% for diabetic foot (DF), and 44.2% for amputation)
respectively. As regards other microvascular complications, we predicted a risk reduction of 62.9% for proliferative
retinopathy, 32.3% for cataracts, and 22.1% for nephropathy. In our predictive model, we will expect the MDT
intervention to prevent almost 1007 MI events, 1055 cases of angina, 269 cases of HF, 233 stroke events, 5488
neuropathy cases, 2630 cases of DF, 131 amputations, 1990 cases of cataracts, 2849 retinopathy cases, 804 cases of
ESRD and 1395 severe hypoglycemia events (Table 2).

Table 3 displays the calculated costs for each diabetes-related complication during the year of the complication event
and predicted costs for each year following the complication. The highest costs for a complication during the index year
are observed in stroke, retinopathy, amputation, DF, and nephropathy (181, 167, 104, 99, and 60 thousand SR),
respectively. However, for each subsequent post-index year, the costs are higher among cases of ESRD, neuropathy,
and amputation.

As shown in Table 4, the results of our predictive model expect a total cost savings of $962.44 million from the
reduction in both macrovascular and microvascular complications related to diabetes during the year of complication
onset ($274.98 million) and along the subsequent post-index10-years ($687.46 million). The vast majority of cost savings
are related to the prevention of microvascular complications (Nephropathy, neuropathy, and retinopathy). Along with the
expected reduction in all diabetes-related complications, the average incremental cost savings per diabetic patient is
predicted to be ($38,878) with approximately ($11,108) in the year of complication onset and ($27,770) over the
subsequent post-index 10-years. On adjustment of cost savings, the average incremental cost savings are predicted to
be ($22,869) for each 1% reduction in HbAlc per diabetic patient and ($27,770) for every 10 mmHg reduction in SBP
per diabetic patient.

Figure 2 illustrates the results of the microsimulation analysis of the incremental costs of diabetes-related complications.
The mean incremental costs, in the year of complication and in each post-index year, are expected to be reduced to ($14,811
and $7491) per diabetic patient enrolled in MDT intervention versus ($25,919 and $10,268) among patients receiving usual
care. When these complication costs are adjusted for a 1% Reduction in HbA1c, the mean incremental costs associated with the
diabetes complications are expected to be reduced to ($8712 and $4406) with the MDT intervention instead of ($15,246 and
$6040) without the MDT approach. On the other hand, for each reduction of 10 mmHg in SBP, we expect to reduce the mean
incremental costs of diabetes complications from ($18,513 and $7334) to ($10,579 and $5350) after receiving MDT care.
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Discussion

Multi-Disciplinary Team approach is implemented in many countries for better control of patients with T2DM and to
improve their health outcomes.*® Our study revealed that T2DM patients, who were followed by MDTs, expressed
a significant reduction in their mean levels of HbAlc and systolic blood pressure by approximately - 1.7% and 1.4
mmHg, respectively. This implies the significant impact of MDT approach in improving glycemic control among such
patients, which in turn will significantly reduce the incidence of diabetes-related complications. In agreement with our
study, several studies concluded that MDT approach significantly reduces the mean HbA1C with nearly the same average
of our detected levels with a significant reduction in cardiovascular risks among T2DM patients.”**** However,
Tourkmani et al observed a better impact of MDT approach on glycemic control with more reduction in mean HbAlc
levels (—3.7%) than that detected in our study.”® On the other hand, Christopher et al*® and Ismail et al*’ noticed no
significant impact of MDT approach in either reducing the mean HbA 1c, improving glycemic control, or other secondary
health outcomes among T2DM patients. This controversy in HbA1c reduction among different studies may be attributed
to the differences in relative glycemic control at the baseline and the follow-up duration.

In the present study, our simulation model predicted a significant risk reduction in all diabetes-related complications
because of proper glycemic control associated with MDT approach compared to the hypothetical non-interventional
group. This predictive analysis expected that the 1.7% reduction in HbAlc, among 24,755 T2DM patients, will be
associated with a risk reduction of 18.7% for angina, 23.8% for MI, 27.2% for HF, 25.5% for stroke, 45.9% for
neuropathy, 42.5% for diabetic foot, and 44.2% for amputation, respectively. However, microvascular complications are
predicted to be reduced by 62.9% for retinopathy, 32.3% for cataracts, and 22.1% for nephropathy. This is supported by
the findings of several studies, which concluded that reduced HbAlc was associated with a marked risk reduction of
microvascular complications, while less risk reduction was reported for MI, angina, HF, and stroke. Jendle et al revealed
that with a 0.8% reduction in HbAlc, there were an average of 14% risk reduction in different cardiovascular disease
complications and an average of 26% risk reduction in microvascular complications.'”> In addition, Stratton et al
suggested a 37% risk reduction for microvascular complications and a 21% risk reduction of endpoint events related
to diabetes, and a 16% risk reduction in MI, for each 1% reduction in HbAlc.'> However, in a 5-year study of Wan et al,
they reported that using MDT approach for care of 53,436 T2DM patients in primary care setting reduced the risk of
diabetes-related cardiovascular disease complications by 56.6%, and microvascular complications by 11.9%.

The microsimulation analysis in our predictive model expects marked cost savings ($962.44 million) because of the
reduction in the costs associated with all diabetes-related macrovascular and microvascular complications over 10 years
among 24,755 T2DM patients. Approximately, $274.98 million of these cost savings are expected to be during the year of
complication onset and about $687.46 million in the subsequent post-index 10-years. That represents an average incre-
mental cost savings of $38,878 per each T2DM Patient served by the MDT approach over a period of 10 years. When these
cost savings are adjusted for the purpose of standardization, this model predicts an average incremental cost savings of
$22,869 for each 1% reduction in HbAlc and $27,770 for each 10 mmHg reduction in SBP per each T2DM Patient.

Many relevant studies, among T2DM patients, showed similar temporal cost patterns and revealed that interventions
to prevent or delay the complications of diabetes are translated into cost savings in healthcare expenditures.”®!!-1339-41

American Diabetes Association (ADA) stated that the expenditures on diabetes are 2.3 folds that of non-diabetics.
They estimated the total cost to be $327 billion per year with an average of $16,750 per year for every diabetic patient.'®

Jendle et al®®

revealed that a 0.8% Reduction in HbAlc would be associated with reducing the costs of diabetes
complications from $72,152 in the reference cohort to $63,429 in the intervention group with a net reduction of
$8722. Visaria et al'' estimated the mean annual healthcare cost of all diabetes complications among uncontrolled
T2DM patients to be approximately two and a half times more than controlled ($21,745 vs $8524) during the year of
complication and about one and half times In post-index years ($13,761 vs $8669). Further, Afroz et al stated that proper
glycemic control in T2DM patients is associated with significant cost savings through the prevention and control of
complications. They detected higher healthcare costs (1.8-fold) among patients with diabetes-related complications

compared to those with good glycemic control.*!

On the contrary, Singh et al in India found that the majority of diabetes
care costs (78%) were driven by outpatient care and medications costs. However, there is no significant difference in the

costs of in-patient hospitalizations due to cardiovascular or microvascular complications.'® Siegel et al, in their
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systematic review, concluded that MDT interventions for T2DM patients and proper glycemic control are highly cost-
effective ($11,339/QALY) in comparison with usual care.*’ Moreover, Egede et al*? suggested Incremental cost-
effectiveness ratios (ICERs) of $1000-$4000 per 1% reduction in HbA1c among multi-component diabetes interventions.

Our study revealed that the reduced risk of developing microvascular complications is predicted to account for the
majority of these cost savings through the prevention of nephropathy and associated ESRD ($441.72 million); neuro-
pathy and its subsequent adverse events ie DF and amputation ($321.84 million); and retinopathy ($138.1 million).
However, the cost savings, from cardio-vascular and stroke risk reduction, are predicted to be ($16.82 million from MI,
$14.74 million from angina, $4.66 million from HF, and $12.81 million from stroke).

In agreement with our study, Zhou et al** found that more than a third of complications’ costs were attributable to
severe diabetic nephropathy, primarily due to the expense of hemodialysis. Despite it could be anticipated that those
suffering from severe nephropathy would account for the highest percentage of inpatient admissions (86.7%), also
patients with severe neuropathy and severe retinopathy had high percentages of inpatient stays (79.9% and 69.4%),
respectively.” Once more, these findings support our results. Approximately half of T2DM patients develop diabetic
nephropathy, and 20% out of them are severe cases.** Chapman et al® estimated the mean costs of £8700 per T2DM
patient with severe DN and £3900 for moderate DPN, which is 13-fold that for patients without neuropathy. However,
Sadosky et al*® reported total annual medical costs of $12,492 for mild DPN, $27,93 for moderate DPN, and $30,755 for
severe DPN. Nearly 25% of diabetic patients will develop a diabetic foot ulcer during their lifetime, and 5% of them may
have foot amputation.”” The management of diabetic foot represents an economic burden. Lu et al calculated the total
costs of foot care by $5981 per patient in 2020.%® Al-Thaniet al estimated the direct procedure and therapeutic costs of
foot amputation to be $59 847 and $29 961 per patient respectively with a total cost of $89 808 per amputation.*?

Around 68-80% of T2DM patients experienced a minimum of one CVD incident and CRF during their lifetime, and
19-31% of them experienced multiple CVD complications.* In accordance with a cross-sectional study done in Gulf,
CKD (44.3%) and CVD (17.3%) were the most frequently linked to T2DM.*

According to findings from a retrospective claims database analysis, patients with T2DM experienced higher medical
costs for cardiovascular care during initial hospitalization than patients without diabetes.* Additionally, numerous studies
have shown that CVD incidents have a considerable impact on overall and diabetes-related healthcare expenses.'>*"*®

Our results verify the additional economic burden these complications possess on healthcare resources. They
emphasize the necessity of glycemic control and the reduction of diabetes-related complications, as the lower the
incidence of complications the more cost savings. Notably, this is the first study in the Middle East of this sort as
a predictive model to expect the future cost savings associated with proper glycemic control by the MDT approach and
reduction in macrovascular and microvascular complications related to diabetes.

Implication for Practices

There is not enough national data in KSA to make definitive claims given the few studies on the economic evaluation of
diabetes-related complications and cost savings of diabetes interventional programs. Therefore, the findings of our study
may be used at the national level as a reference and benchmark to predict future cost savings from different intervention
programs for diabetes, depending on one of our two adjusted mean incremental cost savings per diabetic patient for either
each 1% reduction of HbAlc or each 10 mmHg reduction in SBP. This can be calculated using one of the following two
equations: First equation (Total number of T2DM patients managed by the program X average reduction in HbAlc X our
mean incremental cost savings per diabetic patient for each 1% reduction of HbAlc); Second equation (Total number of
T2DM patients managed by the program X average reduction in SBP X our mean incremental cost savings per diabetic
patient for each 10 mmHg reduction in SBP). These reference values will help policymakers in prioritization of various
diabetes-related interventions and planning more comprehensive cost-effective healthcare for T2DM patients.

Limitations of the Study

One limitation of this study is that the cost assumptions for diabetes-related complications may be conservative for many
reasons. First, due to rare data on the costs of diabetes complications in KSA, and second, some of the cost data used in
our analysis depended on the literature. Moreover, our analysis did not include indirect costs related to diabetes such as
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decreased productivity and increased absenteeism. Another limitation is that we assume the constant costs of diabetes
complications over the post-index 10 years without discounting, which is not actually true as the costs of care will
increase over the years.”' However, we assume this constant cost pattern, aiming to predict more precise slightly lower
cost estimates. In addition, the calculated cost saving only implies the reduction in overall cost without considering the
broader evaluation of effect parameters. Actually, cost saving is not the same as cost-effectiveness that still a limitation in
calculating the cost evaluation. In this study, we only calculate the average incremental cost saving per case, which is
acceptable. However, we did not perform the incremental cost, incremental effect or incremental cost-effectiveness ratio
(ICER). Finally, the cost estimates in this study depend on the national level in KSA, so the generalization of these
estimates on other countries should be done with caution, as costs of healthcare are variable from one country to another.

Conclusion

MDT model of care is found to be very effective in glycemic control among T2DM patients with a predicted significant
reduction of all diabetes-related complications and in turn, a predicted significant cost savings. This study adds to the
scarce evidence on economic evaluation of T2DM in KSA; however, authors emphasize future research should focus on
estimating the long-term costs of T2DM-related complications from a broader perspective and the ICER of various
diabetes-related interventions that already exist. Decision makers are highly recommended to build on our findings and
benefit from our calculated adjusted incremental cost savings in their future planning.
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