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Background: Turkey currently has the highest obesity prevalence among its European counterparts. 32% and 61% of the population
live with obesity and overweight, respectively. Overweight and obesity are linked to non-communicable diseases that incur incre-
mental health and economic costs. The significant public health concern warrants an assessment of the cost of obesity.

Methods: A micro-costing approach from the public payer perspective was conducted to estimate direct healthcare costs associated
with ten obesity-related comorbidities (ORCs) in Turkey. Clinical practice guidelines and a systematic literature review informed
ORCs and the respective cost categories. This was subsequently validated by a steering committee comprising seven experts. Seventy
public sector physicians were surveyed to estimate healthcare resource use. Unit costs were derived from Social Security Institute’s
Healthcare Implementation Communique. Cost items were summed to determine the annual cost per patient per ORC, which was
validated by the steering committee. Medical inflation was considered in a scenario analysis that varied resource unit costs.
Results: Chronic kidney disease, heart failure and type 2 diabetes are the costliest ORCs, incurring an annual cost of 28,600 TRY,
16,639 TRY and 11,993 TRY, respectively. Individuals in Turkey with any ORC triggered direct healthcare costs ranging 1857-28,600
TRY annually. Costs were driven by tertiary care resources arising from treatment-related adverse events, disease complications and
inpatient procedures. In the scenario analysis, medical resource unit costs were inflated by 18.7% and 39.4%, triggering an average
increase in cost across all ORCs of 1998 TRY and 4210 TRY, respectively.

Conclusion: Our findings confirm that obesity and its complications result in significant financial burden to the public healthcare
system. By quantifying the burden of obesity across a comprehensive spectrum of ORCs, our study aims to support the economic case
for investing in appropriate obesity interventions.
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Introduction
Obesity is one of the leading risk factors that contribute to the burden of non-communicable diseases (NCD) plaguing
health systems globally."* The 2022 World Health Organisation (WHO) European Regional Obesity Report places
overweight and obesity as the fourth most common risk factor for NCDs in continent.’ It is also a prominent risk factor
for disability and mortality, causing 7% of total years lived with disability and over 2.8 million deaths annually.*> The
magnitude of the obesity problem transcends human health consequences. People who live with overweight require
healthcare services more frequently and for more complicated issues. Its ramifications are also felt in the labour market
where workforce participation is reduced, and on the economy where rising health expenditure on chronic conditions
increases fiscal pressure.®’

In Turkey, national epidemiological surveys signal a growing prevalence of obesity which has surpassed its European
neighbours and rival that of the United States of America (USA).*®? 61% of the Turkish population are living with
overweight, and approximately one in three (32.1%) are living with obesity.>® The prevalence burgeoned alarmingly over
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the last few decades from 18.8% in 1990, signalling a pressing need for measures to address obesity and its associated
complications.

Obesity is a systemic disease with significant cardiometabolic effects that affect multiple organ systems. In
patients with obesity, insulin resistance precedes the development of Type 2 Diabetes Mellitus (T2DM). It is a well-
established association and around 80% of patients with T2DM are living with obesity.'® In Turkey, a multicentre
study conducted in Marmara reported that the prevalence of prediabetes was 15.2% in obese adolescents.'’ Obesity
has also been directly correlated with non-alcoholic fatty liver disease, congestive heart failure,'* poor respiratory
function and airway hyperresponsiveness,'® hypertension,'* and vascular disease.'”> A study evaluating Turkish
adults diagnosed with coronary heart disease, found that the prevalence of diabetes among obese women is almost
three times that of non-obese women.'® The same study also determined that a higher body-mass index (BMI) was
significantly related to increases in plasma cholesterol and hypertension.'® The burden of obesity and the chronic
diseases it causes are significant. In 2012, NCDs accounted for 87.5% of all deaths among people aged 30-70 years
in Turkey — of these, 36.6% were due to cardiovascular diseases (CVD), 7% to chronic respiratory diseases and
5.8% to diabetes.'” In 2011, per capita healthcare expenditure in Turkey was US$1160, and 70% of the govern-
ment’s total health expenditure was funnelled to addressing NCDs alone.'® Turkish researchers also estimated that
obesity-related comorbidities (ORCs) accounted for 7.4% of total disability-adjusted life years (DALYS), translating
to an obesity-related economic burden of over US$17 million in 2015, which constituted 2.45% of the nation’s gross
domestic product.'®

In response to the escalating public health problem, precautions for preventing obesity have been included in the
Ministry of Health’s strategies for the 11th Development Plan of the Presidency (2019-2023).%?' As healthcare
authorities in Turkey work to develop policies that address the burgeoning obesity epidemic, timely information about
the health and economic effects at the population level is needed. To date, there is a critical lack of recent and
comprehensive economic evidence on this topic to guide decisions about resource allocation and appropriate
interventions.'® This study aims to assess the burden of obesity across a full spectrum of ORCs and deliver health
system insights for policy and decision-makers in Turkey.

Methods

In this study, we sought to evaluate all fixed and variable annual costs incurred by the average patient living with
obesity in Turkey across the care continuum of ten ORCs. The ten ORCs encompass an extensive range of organ
systems (metabolic, cardiovascular, respiratory, musculoskeletal, and renal), and provide comprehensive quantifica-
tion of the burden of obesity for our study. These comorbidities were also aligned with those examined in a UK
study assessing the effect of weight loss on obesity-related outcomes.”” Epidemiologic studies confirm that high
BMI is a risk factor for specific diseases. This includes T2DM,*%° cardiovascular disease, which include heart
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failure, hypertension, angina, atrial fibrillation and hyperlipidemia,
asthma,”**> and chronic kidney disease (CKD).>*-*

To overcome limited real-world data, a survey-based micro-costing analysis was considered the most detailed and

sleep apnea,

feasible approach for estimating the cost of ORCs in Turkey. The methodology utilizes healthcare resource use (HCRU)
information provided by public sector physicians and unit cost data of every resource consumed in the treatment of
a particular patient with any ORC to generate detailed estimates of overall costs.>'*? The principles of conducting micro-
costing studies are well established in literature despite the lack of a defined consensus standard. To date, published
micro-costing analyses have utilized a wide range of resource use and price data collection methods with varying degrees
of precision — data can be collected manually or electronically, prospectively or retrospectively, from a variety of sources
that include surveys, patient records, billing systems, or trial data.®'~

Our study considered costs from the public payer’s perspective across a full spectrum of primary, secondary and
tertiary care settings. In the absence of a real-world data source for reliably extracting cost and resource use across all
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care settings in the Turkish public health sector, we conducted a micro-costing assessment using a retrospective four-

tiered approach.*®-*
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e First, ‘cost categories’ were identified for each ORC (ie, HCRU categories and respective itemized resources).

e Second, as described by Drummond et al,*> HCRU categories were quantified by assigned a cost value to each
itemized resource. This was done by weighting utilization against the corresponding unit prices or relevant
quantities Seventy public sector clinicians in Turkey were surveyed to provide HCRU estimates.

e Third, the overall annual cost incurred by an average obese patient with an ORC was estimated by aggregating all
cost categories.

¢ Finally, aggregated costs were subject to external validation by comparisons against published estimates in
literature. The aggregated costs were also reviewed by a steering committee comprising a local academic physician
and a panel of six independent industry experts. A scenario analysis was also conducted to estimate known
uncertainties around Turkey’s medical cost inflationary pressures.

Identification of Cost Categories

The cost categories evaluated in our micro-costing study were informed by a systematic process described in a recently
published study conducted in Saudi Arabia examining the national clinical and economic burden of obesity.*> Treatment
pathways, which include screening, diagnosis, treatment, adverse events and complications, were triangulated via
a systematic literature review.”> To determine the types of healthcare cost parameters relevant to each ORC, search
terms related to the ORCs as well as ‘systematic review or ‘clinical guidelines’ were used to extract references in Google
Scholar and PubMed.*> A steering committee comprising a panel of six industry experts and a Turkish academic
physician provided additional external validation. Cost categories included in the final analysis received were unan-
imously agreed upon by the steering committee.

The following cost categories were considered in the micro-costing analysis for each ORC: diagnostic tests conducted
per patient, scheduled outpatient visits per patient per year, pharmaceutical treatments prescribed (plus frequency, dose
and duration), devices and/or consumables required for disease management per patient per year, monitoring tests
required per patient per year, treatment-related adverse events (TRAE) and disease complications per patient per year.
TRAE and disease complication costs considered the following care resources: outpatient visits, emergency room (ER)
visits, inpatient hospitalisation, intensive care unit (ICU) care, and inpatient procedures required per patient per year.

Quantification of Cost Categories

Cost categories were compiled in a standard Excel-based template and administered via interviewer-assisted online
surveys to clinical specialists between April and July 2022. Seventy specialists practicing at the consultant level in
Turkey’s public health sector were surveyed to provide HCRU estimates (Table 1). The surveys were internally validated
and conducted in line with ESOMAR and vendor quality guidelines. Clinician respondents were recruited by third-party
agents. All respondents were screened for at least three years of specialist experience and had to have been responsible
for the care of at least ten relevant patients each month. Respondents were also asked to provide informed consent for
anonymized data to be included in publications and were counselled that any adverse events or product complaints
reports would be raised to the relevant company. All survey participants were screened to ensure fulfillment of inclusion
criteria. All survey respondents worked at a public hospital located in one of the following 19 Turkish cities — Istanbul,
Adana, Gaziantep, Izmir, Konya, Malatya, Mersin, Samsun, Batman, Sanliurfa, Tekirdag, Tokat, Ankara, Antalya, Bursa,
Denizli, Edirne, Erzurum and Eskisehir.

Unit costs for each cost item were derived from the most updated Healthcare Implementation Communique (Saglik
Uygulama Tebligi) at the time of data collection.*” The legislation is promulgated by Turkey’s Social Security Institute
and details the pricing regulations, fees and payment terms for all health services provided in Turkey’s health sector.
These include pharmaceuticals, medical devices, as well as outpatient and inpatient services. Data were extracted from

the latest Communique at the time of study implementation, dated 28 April 2021,*°

and all relevant costs incurred by the
public payer were included in the analysis. In keeping with the study’s public payer perspective, private sector and out-of
-pocket costs were excluded from the calculations. Targeted secondary research was also conducted to validate the cost

data, where required.
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Table | Specialist Clinicians Who Contributed HCRU Estimates to the Micro-Costing

Analysis

Obesity-Related Complication Specialist Field(s) Number of Specialists

Type 2 Diabetes Endocrinologists 10
Internal Medicine 10

Asthma Pulmonologists 10

Sleep apnoea Otolaryngologists 10

Osteoarthritis Orthopaedists 5

Chronic Kidney Disease Nephrologists 10

Angina Cardiologists 15

Atrial fibrillation

Hyperlipidaemia

Heart failure

Hypertension

Abbreviation: HCRU, healthcare resource utilisation.

Cost Calculations
Costs were assessed in 2022 Turkish Lira (TRY) and a foreign exchange rate of 1 TRY = 0.057 USD was used when cost
estimates were compared across countries. Each cost item within the respective cost categories was calculated separately.
For all items except pharmaceutical treatments, the annual cost per patient per cost item was calculated as:

Annual cost per cost item = Unit cost x Number of healthcare resource units utilized per year x Percentage (%) of
patients utilizing the healthcare resource

The annual cost for each pharmaceutical treatment per patient was calculated as:

The annual cost for each pharmaceutical treatment = Percentage (%) of patients receiving treatment x Unit cost of
treatment X Average consumption per day x 30 days x 12 months

The total annual cost per patient per cost category was then calculated by summing all cost items. Finally, the total
cost per patient per ORC per year was determined by summing all cost categories. Cost data are presented as mean values
in TRY, or a percentage of total costs.

Data Validation

Annual cost estimates were presented to the expert steering committee for final validation. All data included in the analysis had
to be unanimously agreed upon by the steering committee. The expert steering committee comprised of a senior public sector
physician academic and an independent panel of 6 industry experts. The steering committee also validated unit cost estimates
and assessed cost drivers. Targeted literature review was additionally conducted, to corroborate cost data, where required.

Scenario Analysis
A scenario analysis was conducted to account for the global inflationary pressures that have increased overall costs in the
Turkish health sector. Rising medical care costs have presented as a major challenge to efforts by the Turkish government
to ensure fiscal sustainability of the health system. In 2022, the health inflation rate soared to 122.2%,*" driven by several
underlying issues: Population birth rates, per-capita income, currency fluctuations, rising pharmaceutical and medical
technology costs as a result of advances, and increased patient demand for services.

Prices of medicinal products in Turkey are regulated by provisions of the Decision on Pricing of Medicinal Products
for Human Use (Decision).** The provisions stipulate pricing regulations that include external reference prices, public
price limits, the Euro-Turkish Lira drug price exchange rate and pharmacy profit rates.*>*> Despite numerous cost
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containment strategies however, public drug spending continues to rise, with nominal spending reportedly increasing by
10% annually from 2012 to 2014.** Reasons include the expansion of Turkey’s universal health coverage to improve
patient access, the penetration of high-cost drugs into the market, and changes to the Euro-Turkish lira drug exchange
rate in response to fluctuating market exchange rates.**

As our survey findings provided cost inputs accurate to a single time point in 2022, we accounted for the uncertainties
associated with rising health care costs by varying all resource unit costs by +18.7% (the average inflation rate between 2018
and 2021;*' scenario A) and +39.4% (the average inflation rate between 2018 and 2022;*' scenario B). This was done to reflect
the realities of rapidly rising medical service, pharmaceutical and medical material fees incurred by the public payer.

Results
Total Annual Costs for Obesity-Related Complications

Individuals in Turkey with any single ORC incurred average annual healthcare costs ranging from 1857 TRY for hypertension
to 28,600 TRY for CKD per patient (Figure 1). CKD, heart failure and T2DM were the top 3 most costly complications,
incurring an annual cost of 28,600 TRY, 16,639 TRY and 11,993 TRY, respectively. Hypertension, asthma, and hyperlipi-
daemia were the least costly ORCs, incurring one-tenth to one-fifth of the cost of the most expensive complications (Figure 1).

Cost Drivers
To understand variations in costs and cost drivers across the various ORCs, we explored how each HCRU cost category
contributed to the total annual healthcare costs for each ORC (Figure 2 and Table 2).

Chronic Kidney Disease | 28,600
Heart Failure I 16,639
Type 2 Diabetes I 11,993
Osteoarthritis NI 11,729
Angina 8,166
Atrial Fibrillation 6,473

Sleep Apnea I 6,362

Hyperlipidemia 5,809
Asthma 4,057
Hypertension 1,857
0 5,000 10,000 15,000 20,000 25,000 30,000 35,000

Annual cost (TRY, 2022) per patient

Figure | Estimated annual healthcare costs per patient (TRY; 2022) of ORCs in adults with obesity in Turkey.
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Figure 2 Cost contributors to total healthcare costs (per patient per year) across 10 ORCs (%).
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Table 2 Cost Categories and Costs per Patient per Year (TRY, 2022) Associated with Each Obesity-Related Comorbidity

Categories HTN Asthma HLD Sleep apnea AF Angina OA T2DM HF CKD Total
Diagnostics 42 98 62 151 151 293 31 17 191 423 1458
Outpatient visits 263 420 475 259 535 444 198 455 597 453 4099
Treatments 542 2549 460 0 3896 1947 489 1247 1555 4546 17,232
Consumables/ devices 0 68 0 1806 0 - 7609 1001 0 0 10,484
Monitoring tests 68 93 82 247 254 402 39 49 345 1112 2690
Adverse events 456 471 250 1182 534 215 268 3392 4302 8411 19,480
Complications 486 358 4339 1804 595 1564 640 3876 4033 12,642 30,336
Inpatient procedures 0 - 142 912 508 3300 2456 1956 5617 1013 14,893
Total 1857 4057 5809 6362 6473 8166 11,729 | 11,993 16,639 28,600 -I

Abbreviations: AF, atrial fibrillation; CKD, chronic kidney disease; HF, heart failure; HTN, hypertension; HLD, hyperlipidaemia; NA, not applicable — cost category not
included in the analysis for the comorbidity; OA, osteoarthritis; T2DM, type 2 diabetes.

Across all ORCs, the proportion and absolute cost of each cost category was heterogenous. Key cost drivers for the
top 3 most costly ORCs (CKD, heart failure, T2DM) were treatment-related adverse events, complications, and inpatient
procedures where there was relatively higher utilization of tertiary care resources (ie, emergency department, inpatient
and ICU services). Costs associated with complications was the most significant contributor to CKD costs (44.2% of total
cost or 12,642 TRY). This was primarily driven by the demand on ICU resources, which contributed to 81.6% of the total
cost of CKD-related complications. Similarly, the cost incurred from complications (32.0%) was the main driver of
annual T2DM costs. The annual cost burden of heart failure, however, was primarily due to the cost and HCRU demands
of costly inpatient procedures, including coronary artery bypass surgery and heart valve repair or replacement.

Scenario Analysis

We explored the impact of medical inflation in scenario analyses by varying unit costs of all medical resources. Costs
were varied by +18.7% (scenario A) and +39.4% (scenario B) to reflect the impact of rapidly rising medical service,
pharmaceutical and medical material fees incurred by the public payer. The average increase in cost across all ORCs was
1998 TRY and 4210 TRY in scenario A and scenario B, respectively (Figure 3).
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Figure 3 Relative increase (%) in annual cost of ORC in scenario A and scenario B vs the base case.
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Discussion

Turkey’s healthcare system has been a primary focus of its economic and social reforms in the past two decades. As
societies age and lifestyles evolve, the emergence of new care concerns create competition amongst healthcare priorities
while fiscal constraints limit the resources available to address these challenges equally. Turkey currently has the highest
obesity prevalence among its European counterparts® and studies have estimated that obesity and its related comorbidities
account for approximately half of total government spending on healthcare.'®*> Our results confirm and quantify the
burden of obesity on health and the Turkish economy, further highlighting areas of prominent spend across the obesity
care continuum.

The annual economic burden of ORCs was primarily driven by costs associated with complications, treatment-related
adverse events, inpatient procedures, and pharmaceutical treatments. This pattern of cost contribution was consistently
observed for 8 ORCs — asthma, hypertension, hyperlipidemia, CKD, T2DM, heart failure, angina, and atrial fibrillation.
The management of disease complications and treatment-related adverse events, which involve inpatient, ICU and ER
services, place substantial demands on hospital resources. In 2020, the Turkish Statistical Institute reported that 49.4% of
total public health expenditure arose from care service provision and consumable spend by hospitals, which constituted
the largest share amongst all health service providers.*> The association of obesity with specific diseases is well
established'' 131310181928 4 its impact on increased advanced care resource utilization as a result of progressive
disability, morbidity and mortality is prominent.

Our results also demonstrate the impact of rising medical inflation on the public payer’s fiscal burden. Turkey’s
universal health insurance (Social Security Insurance (SSI)) is the single public payer of pharmaceuticals, medical
materials, and health services in Turkey. In 2013, it financed nearly 74% of total drug spending.** Despite concerted price
control strategies and currency control measures, nominal public drug spending continued to rise by 10% annually from
2012 to 2014,** with overall health inflation reaching a significant peak in 2022. The burden of ORCs is significant and
rendered more substantive in the face of surging medical inflation.

Overall, healthcare cost estimates derived from our study were similar to published estimates from other countries
with a similar GDP per capita and healthcare expenditure. The annual per-person healthcare cost for CKD was estimated
to be 28,600 TRY (1630 USD); costs equivalent to 2535 USD was reported in a study in Spain in 2019.*® The Spanish
study was similarly conducted from the public health system perspective and representative of the average annual cost of
CKD, across all severity stages.*® Our annual cost estimates for T2DM were 12,098 TRY (690 USD), which is in in line
with a local study published earlier in 2015.*” The 2015 Turkish publication utilized HCRU data from the International
Diabetes Management Practice Study,*® and authors estimated an annual cost of T2DM per patient of 13,048 TRY (2015
TRY adjusted to 2022 TRY; 744 USD). The cost for heart failure (16,639 TRY; 948 USD) was also observed to be similar
to costs previously observed in Poland*® (815 EUR in 2012; 994 EUR/ 1035 USD in 2022) and Portugal (1159 EUR in
2014; 1389 EUR/ 1447 USD in 2022).°° Both Polish and Portuguese studies were similarly undertaken from the public
health system perspective and representative of chronic heart failure patients resource demands across the full spectrum
of class I-IV. The Portuguese study also considered indirect costs associated early exit from the workforce and
absenteeism as a result of heart failure.

Policies that address underlying risk factors such as obesity can help prevent the occurrence of chronic diseases, while
reducing healthcare costs in the long-term.”' However, the high upfront costs of preventative health interventions and the
intangibility of future outcomes often mean that these considerations do not receive adequate attention in many countries.
Currently, less than 3% of health spending in Organisation for Economic Co-operation and Development (OECD)
countries is allocated to public health prevention activities.’> By quantifying the burden of obesity, we hope to strengthen
the economic argument for investing in obesity-related prevention and interventions.

Limitations
The micro-costing methodology and data sources used in this study to determine detailed healthcare costs for the various
ORCs have been described as a reasonable approach for settings where direct HCRU or cost data are not available.**

However, while micro-costing in this study was based on an extensive data collection exercise, comprising a nationwide
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survey with exacting inclusion criteria for participating physician respondents, it should be noted that the costs derived
remain estimates. In the absence of publicly available and comprehensive real-world data sources in Turkey, these
findings overcome a key evidence gap, and demonstrate the burden of obesity and its complications.

Second, this study provides an understanding of the healthcare burden of obesity in Turkey but at an individual ORC
level, which may suggest that an obese patient will only experience one ORC. In reality however, an obese patient is

3433 where additional costs or care synergies may need

likely to experience at least two ORCs on average in their lifetime,
to be considered to accurately reflect actual burden. Notwithstanding, findings at an individual ORC level provides key
insights to understanding the variations in cost burden across the various comorbidities.

Finally, it should be acknowledged that the study provides a conservative estimate, wherein only direct costs are
considered and indirect costs that arise from productivity loss and/or early labour force exit have not been included in the

analysis.

Conclusion
The economic burden of ORCs on Turkish health system is substantial and our estimates suggest that significant cost
savings may be realised by delaying or preventing the occurrence of ORCs.

Further, our study’s bottom-up micro-costing analysis addresses an evidence gap in Turkey and should be leveraged
to drive efforts to optimise existing technologies and health information platforms that overcome current limitations
around real-world patient data. A robust and reliable patient registry will facilitate data-driven decisions and enable better
integrated care plans for the disease and its complications.

Our results prompt an urgent call to action for health authorities and organizations operating in the health sector to
consider how investments can be optimized to prevent or delay obesity and its associated complications, thereby reducing
costs to the public health system.
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