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ABSTRACT

Introduction: Saudi Arabia has a high preva-
lence of obesity, which increases the risk of
individuals experiencing multiple chronic
complications. Only a few publications high-
light the healthcare costs of obesity-related
complications (ORCs) in Saudi Arabia.

Methods: A micro-costing approach was used
to estimate the healthcare costs associated with
10 ORCs. Experienced clinicians in public and
private practice across different geographical
regions in Saudi Arabia were asked to estimate
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healthcare resource use associated with each
ORC, and estimated unit costs were obtained
from hospital administrators. Estimated overall
annual costs per patient were calculated as a
weighted average of separate public and private
sector costs.

Results: Individuals in Saudi Arabia with any
single ORC incurred overall average annual
healthcare costs of 2165-7558 US dollars (USD).
Heart failure, chronic kidney disease, dyslipi-
demia, and type 2 diabetes (T2D) were the most
costly complications, mainly driven by moni-
toring and/or pharmacological treatment costs.
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In contrast, asthma, hypertension, and angina
were the least costly complications. Costs in
private healthcare were higher than in public
healthcare; the largest differences
(2359-2793 USD) were noted for dyslipidemia,
T2D, and osteoarthritis, mainly explained by
differences in pharmacological treatment costs.
Conclusions: These data suggest that ORCs
result in a considerable financial burden to the
healthcare system, and highlight the substantial
cost savings that could be achieved by pre-
venting or delaying the occurrence of ORCs in
Saudi Arabia.

Keywords: Costs; Complications; Healthcare
resource use; Micro-costing; Obesity

Key Summary Points

Why carry out this study?

Saudi Arabia has a high prevalence of
obesity, which increases the risk of
individuals experiencing multiple chronic
complications.

Little published information is available
on the costs of these complications. We
used a micro-costing approach to estimate
the healthcare costs associated with 10
obesity-related complications (ORCs).

What was learned from this study?

ORC:s result in a considerable financial
burden on the healthcare system of Saudi
Arabia, and substantial cost savings could
be achieved by preventing or delaying the
occurrence of ORCs. Healthcare resources
used to manage these complications could
be reassigned to other priorities, resulting
in improved quality of care for all
patients.

A multifaceted nationwide approach,
involving policy-makers as well as public
and private healthcare providers, is
needed to address both weight
management and progression of existing
complications in people with obesity.

INTRODUCTION

Obesity is abnormal or excessive fat accumula-
tion that presents a health risk [1]. Body mass
index (BMI) is a simple weight-for-height index
used to define and classify obesity: people with
a BMI of at least 30 kg/m? are considered to
have obesity [1]. Obesity is highly prevalent
worldwide, and its prevalence continues to
increase, particularly in regions with a relatively
high gross domestic product (GDP) per capita,
such as Western Europe [2], the United States of
America (USA) [3], and the Gulf Cooperation
Council region [4].

The World Health Survey estimated the
overall prevalence of obesity in Saudi Arabia in
2019 as 20.2% [S]. The self-reported rate of
obesity in Saudi Arabia in 2020 was approxi-
mately 25% [6]. This can be compared to the
prevalences in neighboring countries of 27.8%
in the United Arab Emirates (2017-2018),
30.7% in Oman (2017), 35.1% in Qatar (2016),
36.9% in Bahrain (2018), 43.7% in Kuwait
(2018), as reported by the World Health Orga-
nization [7] or the Global Obesity Observatory
(8].

Obesity is associated with complications that
can have a major impact on health, productiv-
ity, and healthcare costs [9-11]. For example,
type 2 diabetes (T2D) and cardiovascular disease
are associated with substantial direct healthcare
costs as well as indirect costs arising from
impaired productivity [12]. Although the age-
adjusted comparative prevalence of diabetes in
Saudi Arabia (18.7%) is lower than in Qatar
(19.5%) for 2021 [13], the higher population
count in Saudi Arabia [14] means that the
overall number of people with diabetes is much
higher in Saudi Arabia than in Qatar. Evidence
from the USA indicates that costs associated
with these obesity-related complications (ORCs)
are higher in individuals with higher BMI [11].
ORCs such as T2D and hypertension are highly
prevalent in Saudi Arabia [15], but there is little
information about their impact on healthcare
and societal costs. A recent microsimulation
analysis predicted there will be over one million
new cases of obesity-attributable T2D by 2040
amongst working-age adults in Saudi Arabia,
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with the cumulative healthcare costs expected
to exceed 84.4 billion US dollars (USD) [16].
Obesity and its complications are also a focus of
Saudi Vision 2030 [17], a strategic plan to
transform multiple sectors, including health-
care, with initiatives to reduce the burden of
chronic diseases and their risk factors.

To assess the impact of obesity, we aimed to
assess healthcare resource use (HCRU) patterns
and the cost burden associated with individual
ORCs in Saudi Arabia, using a micro-costing
approach.

METHODS

Few real-world data on HCRU patterns and the
cost burden associated with individual ORCs in
Saudi Arabia are currently available. Micro-
costing exercises are therefore needed to derive
information on the economic costs of ORCs
[18], which will in turn assist in planning and
executing targeted preventive measures. A
micro-costing approach [19, 20], estimating
HCRU and costs for 10 obesity comorbidities,
was used to estimate the cost of ORCs in Saudi
Arabia. Micro-costing utilizes HCRU informa-
tion and unit cost data to generate detailed
estimates of economic costs [19]. Costs in both
public and private healthcare settings were
estimated.

Complications and Cost Categories

ORCs and the types of costs included were val-
idated wusing multiple systematic literature
reviews and clinical practice guidelines. Treat-
ment pathways, including screening, diagnos-
tics, medications, and complications, were
identified via a targeted literature review of
recent global and regional clinical guidelines,
where available. Keywords relating to each
condition and “guidelines” or “systematic
review” were used to identify relevant references
in PubMed and Google Scholar, which were
then used to determine the types of healthcare
costs associated with each ORC.

The comorbidities included were T2D, heart
failure, angina, hypertension, atrial fibrillation,
dyslipidemia, sleep apnea, osteoarthritis,

asthma, and chronic kidney disease (CKD).
These complications were selected because they
are known to be closely linked to obesity [21],
and they have been assessed previously in a
study from the United Kingdom (UK) examin-
ing the effect of weight loss on ORC rates [22].
These ORCs were included because they affect a
broad range of organ systems (cardiovascular,
metabolic, musculoskeletal, respiratory, and
renal). HCRU and unit costs were estimated for
the following cost categories: diagnostic tests
per patient; scheduled outpatient visits per
patient/year; treatments received (plus dose,
frequency, and duration); consumables/devices
per patient/year; health education programs per
patient/year; monitoring tests per patient/year;
treatment-related adverse events and complica-
tions per patient/year (including inpatient,
outpatient, intensive care unit, and emergency
room visits); and inpatient procedures per
patient/year.

Contributors to Micro-Costing Exercise

HCRU estimates were obtained from medical
providers, and unit cost estimates were obtained
from hospital administrators or procurement
specialists. Respondents were recruited via an
independent team and existing networks, sup-
plemented by snowball recruiting. All respon-
dents were required to have been in their
current role for 3-30 years. Medical providers
were required to be responsible for the care of
10 or more relevant patients per month, and
administrators/procurement specialists were
required to be knowledgeable about costs in
their hospital. Potential participants were
screened to ensure that they met these inclu-
sion criteria and were selected to allow a spread
of public and private settings from different
geographic regions. All respondents indicated
that they practiced in hospitals, in public set-
tings (including National Guard hospitals,
Ministry of Health hospitals, and military hos-
pitals), private practice, or mixed public/private
settings. The surveys, which were internally
validated and conducted in line with vendor
quality guidelines and ESOMAR guidelines [23],
were hosted on the Confirmit platform. They
were either self-completed or completed with
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the assistance of an interviewer between 31 July
and 30 September 2021 for medical providers
and 13-27 September 2021 for administrators/
procurement personnel.

Cost Calculations

Costs were recorded in Saudi Arabian riyals
(SAR). The cost of each item within each cost
category was calculated separately. For all items,
except treatment, the annual cost per patient
per item was calculated as the percentage of
patients for each HCRU x number of HCRU
units per year x unit cost.

The annual cost for each drug class per
patient was calculated as the average con-
sumption per day x (30 days x 12 months) x
unit cost of treatment x percentage of patients
receiving treatment. Averages across multiple
medications and brands within each drug class
were used to estimate average daily consump-
tion and unit costs. Public sector unit costs were
calculated using National Unified Procurement
Company tender prices in Saudi Arabia as a
reference. For private sector unit costs, if data
were not reported in a usable form by the
respondent, costs were calculated using the
Saudi Food and Drug Authority registration
prices.

Separate public and private cost estimates
were developed and overall annual costs per
patient for each cost item were also calculated
as a weighted average of public and private
sector annual costs, which were assumed, on
the basis of data from health insurance policies,
to be distributed 71.84%)/28.16% [24]. A total
Saudi Arabia population count of 35,013,414
was used in the calculations, based on published
estimates for the year 2020 [25].

Following the calculation of unit costs for
each comorbidity, the total annual cost per
patient per cost category was calculated by
summing all cost items and the total annual
cost per patient per comorbidity was calculated
by adding all cost categories. Cost data are cal-
culated as mean values in SAR or percentage of
total costs and presented in USD.

SAR to USD conversions were based on the
World Bank average official exchange rates for
2021 (1 USD = 3.75 SAR) [26].

Compliance with Ethics Guidelines

Informed consent was required for participation
in surveys, as per the ESOMAR regulations.
Participants were asked to provide consent for
anonymized data to be included in publica-
tions, and were advised that any adverse events
or product complaints raised would be reported
to the relevant company.

Ethical approval for the survey was not
required, according to the Rules Governing the
Ethics of Scientific Research practice by King
Saud University in Saudi Arabia [27], whereby
ethical approval for certain types of studies is
waived by the Institutional Review Board. These
include studies that do not involve patients or
patients’ data, and those where the privacy of
the participants is preserved.

This study was performed in accordance with
the Declaration of Helsinki (1964).

RESULTS

Thirteen administrators or procurement spe-
cialists contributed estimates for unit costs. The

Table 1 Consultants who contributed estimates to the
micro-costing analysis

Obesity-related ~ Medical Number of
complication provider medical
providers

T2D Diabetologists 7
Endocrinologists 6

Asthma Pulmonologists 7

Sleep apnea Otolaryngologists 6

Osteoarthritis Orthopedists 7

CKD Nephrologists 6

Angina

Atrial fibrillation
Dyslipidemia Cardiologists 6
Heart failure

Hypertension

CKD chronic kidney disease, 72D type 2 diabetes
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numbers of consultants who contributed HCRU
estimates for each complication are shown in
Table 1, and a detailed overview of public/pri-
vate settings and regions is provided in Table 2.
Similar numbers of contributors from each field
worked in the public and private sectors,
ensuring that detailed cost estimates for both
sectors were obtained. Although every region
was represented by at least one contributor, the
majority came from Mecca (23 consultants and
6 administration/procurement specialists) and
Riyadh (14 consultants and S administration/
procurement specialists).

Total Costs for Different Obesity-Related
Complications

Individuals in Saudi Arabia with any ORC
incurred average annual healthcare costs
between 2165 and 7558 USD per patient,
depending on the complication (Fig. 1). Heart
failure was the most costly complication, with
an annual per patient cost of 7558 USD. CKD,
dyslipidemia, and T2D were each associated
with vyearly costs per patient of about
4000-5333 USD. Asthma, hypertension, and
angina were the least costly complications,
incurring approximately one-third to one-half
of the costs of the four most expensive com-
plications (Fig. 1).

Comparison of Costs in Public Versus
Private Healthcare

For all ORCs, costs in private healthcare excee-
ded those in public healthcare (Fig. 1). Large
disparities between public and private annual
costs per patient were observed for some ORCs.
For example, for dyslipidemia, T2D, and
osteoarthritis, there was a difference of
2359-2793 USD per patient per year between
public and private healthcare (Fig. 1). The lar-
gest difference between public and private
healthcare costs was observed for osteoarthritis:
private healthcare costs were 91% higher than
public costs. Private costs were also 66% higher
than public costs for dyslipidemia, and 61%
higher for T2D. For all three complications,
differences in pharmacological treatment costs

accounted for the greatest disparities in total
healthcare costs between public and private
healthcare (Fig.2). Pharmacological treatment
costs were 4.8-fold higher in private than in
public practice for osteoarthritis, 2.6-fold higher
for dyslipidemia, and 2.9-fold higher for T2D.

For other complications, such as CKD, ang-
ina, or hypertension, the difference between
private and public healthcare costs was smaller,
amounting to 535-1222 USD per patient per
year. The smallest difference between public
and private costs was observed for angina and
heart failure; private healthcare costs were 19%
higher than public costs. Relative to public
costs, private costs were 26% higher for CKD
and 27% higher for hypertension. For these four
conditions, the costs of treatment, outpatient
visits, devices, and diagnostic testing were
higher in private than in public healthcare, but
this was offset by lower costs associated with
treating complications and adverse events and
lower costs for inpatient procedures. This
resulted in a relatively small difference in total
healthcare expenditure between public and
private healthcare for these conditions
(Table 3).

Cost Drivers

The contributions of different HCRU cost cate-
gories to overall total annual healthcare costs
for each ORC are shown in Fig. 3. In general, the
key cost drivers for most ORCs were treatment,
inpatient procedures, outpatient visits, and
monitoring tests, but there was substantial
heterogeneity across ORCs (Fig. 2). The single
largest contributor to heart failure and CKD
costs among the nine cost categories was mon-
itoring test costs, contributing 36% of total
annual costs per patient for heart failure and
23% of CKD costs. Treatment was the largest
cost contributor for dyslipidemia (31% of total
costs), T2D (28%), and atrial fibrillation (26%).
The largest contributor to sleep apnea costs was
inpatient procedures (27% of total costs),
whereas outpatient visits were the main cost
drivers in angina (34% of total costs), hyper-
tension (32%), and asthma (26%).
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Fig. 1 Estimated average annual healthcare costs of obesity-related complications per person in adults with obesity in Saudi
Arabia. CKD chronic kidney disease, 72D type 2 diabetes, USD US dollars

DISCUSSION

To address a gap in the evidence on the eco-
nomic costs of ORCs in Saudi Arabia, we utilized
a micro-costing approach to estimate the
annual per patient healthcare costs of 10 com-
plications. Data from experts in both public and
private settings were collected, and a weighted
average was calculated on the basis of recent
population estimates for Saudi Arabia [25]. The
complications, ordered from the most to least

costly, were heart failure, CKD, dyslipidemia,
T2D, osteoarthritis, sleep apnea, atrial fibrilla-
tion, angina, hypertension, and asthma. For all
ORCs, costs in private healthcare exceeded
those in public healthcare, but the extent of the
differences between public and private costs
and the main factors driving these disparities
varied by complication.

For most ORCs, the healthcare cost estimates
obtained for Saudi Arabia were similar to pub-
lished estimates from other countries with a
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(a) Osteoarthritis
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Fig. 2 Contributors to total healthcare costs in the three complications with the greatest public—private disparities in total
costs. HEP health education programs, NA not applicable, 72D type 2 diabetes, USD US dollars

relatively high GDP per capita. For example, we
estimated the annual per person healthcare
costs of CKD to be 5130 USD; costs for the USA
have been reported as 7374 USD for 2016/2017
[28], and costs equivalent to 2750 USD were
reported in a study in Spain in 2019 [29]. Esti-
mates for asthma in Saudi Arabia in the present
study are also similar to those from the USA
[30], Greece [31], and Singapore [32]. However,
our estimates for asthma [33] and CKD [34] are
substantially higher than published estimates
from the UK, even considering the earlier dates
of the UK estimates. However, costs for heart
failure are similar to costs previously observed
in the UK [35]. Our estimates for T2D and
hypertension are also in line with recently
reported global average direct costs for these
conditions [36, 37]. Overall, a comparison
against published literature suggests that the
micro-costing approach utilized in the present
study yielded relatively accurate estimates of
healthcare expenditure associated with ORCs in
Saudi Arabia. Such comparisons, however,
should be interpreted with caution, taking into
account disparities in healthcare systems, soci-
etal factors, and population characteristics
between different regions. Future studies com-
paring the costs of obesity or ORCs between
countries or regions should ideally be

conducted simultaneously, using a similar
approach for gathering and analyzing cost data,
and should be adjusted for potential con-
founding factors.

As expected, the major contributors to the
more costly complications in the present study
(heart failure, CKD, dyslipidemia, T2D) were
costs associated with pharmacological treat-
ment or monitoring. Outpatient visits were the
main cost drivers for asthma and hypertension,
contributing one-quarter to one-third of total
costs, which is in line with observations in other
countries [38, 39]. Costs in private healthcare in
Saudi Arabia exceeded public healthcare costs
for all complications, but the magnitude of
difference varied widely, from 19% to 91%,
across the different complications. For example,
the overall difference between private and
public healthcare costs for heart failure was
relatively small (19%); costs associated with
diagnosis, outpatient visits, and treatment were
higher in private than in public healthcare, but
costs incurred from inpatient procedures and
treatment of complications and adverse events
were lower. For osteoarthritis, dyslipidemia, and
T2D, costs in private healthcare were 61-91%
higher than those in public healthcare, pri-
marily driven by higher treatment costs. Further
investigation is warranted into whether the
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Table 3 Contributors to total healthcare costs in the
seven complications with the lowest percentage difference

Table 3 continued

between private and public total healthcare costs Cost category Public Private Ratio
costs costs private/
Cost category Public Private Ratio (USD) (USD) public
costs costs private/
(USD) (USD) public Monitoring tests 330 490 1.48
Heart failure Adverse events 28 10 0.37
Diagnostic tests 981 2090 2.13 Complications 31 5 0.15
Outpatient visits 849 1433 1.69 Total 2250 2851 1.27
Pharmacological 1815 2594 1.43 Atrial fibrillation
treatments Diagnostic tests 573 645 1.13
Monitoring tests 2950 2018 0.68 Outpatient visits 600 895 1.49
Adverse events 102 28 0.28 Pharmacological 614 1333 2.17
Complications 38 8 0.21 treatments
Inpatient 438 367 0.84 Consumables/ 66 241 3.63
procedures devices
Total 7173 8539 1.19 Monitoring tests 648 803 1.24
Angina Adverse events 26 45 1.73
Diagnostic tests 588 539 0.92 Complications 26 26 1.01
Outpatient visits 927 1226 1.32 Inpatient 137 155 1.13
Pharmacological 640 1017 1.59 procedures
treatments Total 2688 4141 1.54
Monitoring tests 269 353 1.31 Sleep apnea
Adverse events 13 9 0.69 Diagnostic tests 549 977 1.78
Complications 33 10 0.30 Outpatient visits 516 615 1.19
Inpatient 369 221 0.60 Consumables/ 62 131 2.12
procedures devices
Total 2839 3374 1.19 Monitoring tests 187 335 1.8
Hypertension Adverse events 455 128 0.28
Diagnostic tests 671 631 0.94 Complications 666 245 0.37
Outpatient visits 653 1117 1.71 Inpatient 595 1656 2.78
Pharmacological ~ 352 332 0.94 procedures
treatments Total 3030 4087 1.35
Consumables/ 15 69 4.75 Asthma
devices Diagnostic tests 193 274 1.42
Health 170 196 L15 Outpatient visits 487 734 1.51
education
programs
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Table 3 continued

Cost category Public Private Ratio
costs costs private/
(USD) (USD) public
Pharmacological 250 669 2.68
treatments
Consumables/ 173 669 3.88
devices
Monitoring tests 172 235 1.37
Adverse events 234 28 0.12
Complications 391 233 0.59
Total 1899 2842 1.5
CKD
Diagnostic tests 154 215 1.39
Outpatient visits 460 1459 3.17
Pharmacological 633 1432 2.26
treatments
Consumables/ 13 55 4.22
devices
Monitoring tests 936 1731 1.85
Adverse events 771 165 0.21
Complications 825 178 0.22
Inpatient 993 772 0.78
procedures
Total 4785 6007 1.26

CKD chronic kidney disease, USD US dollars

economic disparities across public and private
healthcare are associated with differences in
clinical outcomes for patients with different
ORCs.

The micro-costing approach that we used in
this study has recently been described as the
preferred approach for settings where direct cost
data are unavailable [19]. It has been suggested
that micro-costing is superior to the more
commonly used gross-costing method because

it generates more accurate estimates appropriate
for policy purposes [19]; however, a future
comparison of these two approaches to assess
ORCs specifically would help to strengthen
confidence in our approach. Micro-costing in
the current study was based on extensive data
collection exercises, comprising a nationwide
survey with stringent inclusion criteria for par-
ticipating healthcare providers. Given the cur-
rent lack of real-world data from Saudi Arabia,
these estimates address a key evidence gap, and
highlight the broader burden and challenges of
obesity and its complications. The details of
these estimates, including the public-private
disparities and the main cost drivers for the
different complications, are relevant to patients,
physicians, and payers. These estimated costs
may be helpful as model inputs to assess the
impact of ORCs in Saudi Arabia and, as such,
can be used to direct future research and inform
targeted preventive measures against obesity
and its complications.

This study did not focus on the costs of
treating or managing obesity, nor did it focus
specifically on people living with obesity when
estimating the costs of treating complications;
rather, the analysis represents an attempt to
estimate treatment costs for multiple conditions
that are frequently comorbid with obesity. Real-
world data for these conditions are, in some
cases, scarce, but are vitally needed to inform
economic assessments and policy relating to
obesity and ORC management in Saudi Arabia.
However, it should be noted that the costs
derived in this study are estimates rather than
database-derived actual costs across Saudi Ara-
bia. Consequently, these estimates, which only
cover 1year, may not be generalizable to
specific time periods or patient populations,
and may also be affected by idiosyncrasies,
recall bias, or missing data relating to specific
hospitals and clinics where contributors are
based. Although the study included a compre-
hensive range of ORCs, various conditions that
are linked to obesity, such as cancer, gallstone
disease, polycystic ovary syndrome, and non-
alcoholic fatty liver disease, were not included.
Obtaining cost estimates for these conditions in
future would allow even more accurate charac-
terization of the costs of obesity and ORCs.
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Fig. 3 Contribution of the different cost categories to overall (public plus private) annual costs per patient for each obesity-
related complication in Saudi Arabia. CKD chronic kidney disease, HEPs health education programs, 72D type 2 diabetes

Finally, it should be noted that the present
study only estimates the direct costs of ORCs
and does not consider indirect costs due to lost
productivity or early retirement. The indirect
costs associated with many ORCs are of similar
magnitude to direct costs; for example, the
range of direct and indirect costs overlapped in
systematic reviews of the costs of osteoarthritis
[40] and T2D [41], and substantial indirect costs
of ORCs were recently reported in Saudi Arabia
[42]. In future, prospectively conducted studies
using patient registries would be a valuable
means of obtaining longitudinal data on the
direct and indirect costs associated with a wider
range of ORCs over time, and would allow for
the collection of more detailed data on patient
demographics and clinical characteristics,
which would aid in identifying drivers of costs
in obesity.

CONCLUSIONS

Based on the conservative approach adopted in
this study, our findings suggest that ORCs result
in a considerable financial burden to the
healthcare system of Saudi Arabia. Significant

cost savings could be achieved by preventing or
delaying the occurrence of ORCs. Healthcare
resources used in managing these complications
could be reassigned to other priorities, resulting
in improved quality of care for all patients in
Saudi Arabia. A multifaceted nationwide strat-
egy, involving policy-makers as well as public
and private healthcare providers, is needed to
address both weight management and progres-
sion of existing complications in people with
obesity.
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