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ABSTRACT

Introduction: Diabetes increases preventative sickness and costs healthcare
and productivity. Type 2 diabetes and macrovascular disease consequences
cause most diabetes-related costs. Type 2 diabetes greatly costs healthcare
institutions, reducing economic productivity and efficiency. This cost of iliness
(COI) analysis examines the direct and indirect costs of treating and managing
type 1 and type 2 diabetes mellitus.

Methodology: According to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guidelines, Cochrane, PubMed, Embase, CINAHL,
Scopus, Medline Plus, and CENTRAL were searched for relevant articles on
type 1 and type 2 diabetes illness costs. The inquiry returned 873 2011-2023
academic articles. The study included 42 papers after an abstract evaluation
of 547 papers.

Results: Most articles originated in Asia and Europe, primarily on type 2
diabetes. The annual cost per patient ranged from USD87 to USD9,581.
Prevalence-based cost estimates ranged from less than USD470 to more than
USD3475, whereas annual pharmaceutical prices ranged from USD40 to more
than USD450, with insulin exhibiting the greatest disparity. Care for
complications was generally costly, although costs varied significantly by
country and problem type.
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Discussion: This study revealed substantial heterogeneity in diabetes
treatment costs; some could be reduced by improving data collection,
analysis, and reporting procedures. Diabetes is an expensive disease to treat
in low- and middle-income countries, and attaining Universal Health
Coverage should be a priority for the global health community.

KEYWORDS Cost-of-illness; diabetes; cost analysis; cost of disease; economic burden; healthcare costs

Key points for decision makers

Evidence on the economic burden of type 2 diabetes has increased
significantly.

Studies have emerged documenting the economic costs of type 2 diabetes
in low- and middle-income countries (LMICs), providing insights into its
impact in underdeveloped nations.

However, there is a lack of research on the labour market effects of dia-
betes in LMICs.

Costs and labour market effects of diabetes escalate over time and with
disease severity.

Early investments in prevention and disease management are highly
valuable.

Cost-of-illness studies may not adequately account for biases, potentially
leading to under- or overestimation of intervention or drug value for
money.

Find strategies to decrease the economic burden of type 2 diabetes, with a
specific emphasis on reducing costs associated with medications and inpa-
tient care for managing complications.

Harmonise or standardise the collection and reporting of cost of illness
data to ensure consistent and reliable measurements across studies.

Introduction

Diabetes mellitus is characterised by chronic hyperglycemia. Over time, this
can harm the cardiovascular, vasculature, ophthalmic, renal, and peripheral
neurological systems (World Health Organization, 2022). Type 2 diabetes
has increased in all countries, regardless of income, over the past 30 years
(Flood et al., 2021). To effectively treat both types of diabetes, various imagi-
native methods and remedies were used. Type 1 diabetes is characterised by
pancreatic insulin deficiency. People with diabetes need affordable insulin to
survive. Chronic diabetes and obesity must be reduced by 2025.
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Diabetes affects 4.2 million people worldwide, mostly in lower-middle-
income countries (LMICs) (Javanbakht et al., 2011). Diabetes kills 1.5 million
people annually (World Health Organization, 2022). Diabetes has exponen-
tially increased worldwide in recent decades. A study found that low- and
middle-income people aged 39-70 are more likely to develop diabetes
(Flood et al, 2021; World Health Organization, 2022). 10.5% of persons
globally have diabetes, with forecasts of 12.2% by 2045 (Akhtar et al., 2019;
Gillani et al., 2018; Javanbakht et al., 2011). In 2021, the International Diabetic
Foundation (IDF) macro survey anticipated 537 million people with diabetes.
It is expected to reach 643 million by 2030 and 783 million by 2045 (Sun et al.,
2022).

Previous study reported that diabetes increases the prevalence of preven-
tive diseases and healthcare costs and productivity losses (Li et al., 2013).
Healthcare spending rose 316% to USD 966 billion during the past 15
years. Macrovascular disease and complications from type 2 diabetes are
the main costs of diabetes. Diabetes’ rising costs are a global concern,
especially in developing nations (Bahari et al., 2023). Diabetes prevalence
increases alongside healthcare expenses, straining the economy. Literature
shows that type 2 diabetes-related healthcare costs have decreased econ-
omic activity and productivity (Chatterjee et al., 2011; Dahal et al., 2022;
Seuring et al,, 2015).

Due to financial constraints, low-income people delay diabetes diagnosis
until adulthood, which causes serious health issues. Egypt and Mexico have
16.8% and 12.6% diabetes rates, compared to 8.2% and 9.0% in Germany
and the United States of America (US). (Sepanlou et al., 2017). A recent dia-
betes study suggests that diabetes is becoming a global issue. Diabetes’
rising costs are a global issue, especially in Low-income countries. The US,
Malaysia, Mexico, Sri Lanka, and the Kingdom of Saudia Arabia (KSA) spend
much of their healthcare budgets on diabetes services. Diabetes healthcare
spending varies by country. KSA spends 21% of its healthcare budget on dia-
betes, while Sri Lanka, Mexico, Malaysia, and the US pay 16%, 15%, 16%, and
15% (Halim & Halim, 2019; Zhang et al., 2010).

Diabetes and its complications strain healthcare. The Cost of lliness (COI)
study corroborated the rising economic burden and revealed various econ-
omic inequities. Research expenditures ranged from 2005 to 2020. Cost-of-
iliness trials involve treatment costs. The reference attributes secondary
illness expenses to wasting earnings (Alzaid et al., 2021; Amos et al., 1997;
Ettaro et al., 2004; Simon et al.,, 2019).

Due to its prevalence and severity, diabetes management costs and
benefits are of interest. Glycemic control reduces diabetic complications,
saves money, and improves health. The American Diabetes Association estab-
lished guidelines for medical professionals and patients to reduce diabetes
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prevalence, complications, and quality of life (Murray & Lopez, 1994; Rice,
1994; Zhang et al., 2010).

Cost of illness overview

Cost-of-illness (COI) studies examine chronic illness’s financial impact. Numer-
ous studies show illness-related resource loss (Ettaro et al., 2004; Larg & Moss,
2011; Tharkar et al,, 2010). COI estimations, prevalence, incidence, morbidity,
and mortality show an illness’s social impact. Some researchers consider COI
estimations a complete indicator of a disease’s burden since they can include
multiple endpoints into a single result (Tarricone, 2006). The highest direct
costs were 46% and 32%, less than medications and lab testing (Moucheraud
et al.,, 2019). Diabetes costs USD 332, 60.4% of which is pharmaceutical (Butt
et al., 2022). All reviewed studies failed to calculate indirect cost figures. Dia-
betes therapy in Bangladesh costs USD 864.7, 60.7% of which was a drug
(Shetty et al., 2021).

Three cost elements can be estimated in a COIl study

o Direct Cost: The direct costs refer to those costs incurred as a result of
medical management of the disease, drugs, admissions, complementary
tests, and patient transportation.

¢ Indirect costs: Indirect costs refer to those costs incurred not as a result of
medical management of the disease but rather of other incurred losses
such as lost wages, lost productivity, and costs resulting from the need
for home care and childcare that would otherwise not be incurred.

* Intangible expenses: Intangible costs are those associated with the func-
tion lost, increased pain and reduced life quality.

Recent studies show that per capita, type 2 diabetes costs USD242 in low-
income nations and USD10,801 in high-income countries. The highest econ-
omic impact was direct medical costs, 56% in low-income nations and 74% in
high-income countries. Indirect productivity losses remained high (Sathya-
nath et al., 2022). Another low- and middle-income nation review found
type 2 diabetes costs USD238 in Bangladesh and USD3,189 in Iran per
capita (Barua et al., 2021). Medical costs were the major economic burden
from 32% in Bangladesh to 97% in Iran. Indirect productivity losses remained
substantial. In another study, diabetes treatment costs USD112 in Bangladesh
and USD2,544 in Mexico per person (Bermudez-Tamayo et al,, 2017). Medical
expenses were the highest, from 29% in Nepal to 97% in Mexico. Indirect pro-
ductivity losses remained substantial. Since these studies incorporate data
published before more advanced medicines and procedures for diabetes
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control, more updated and relevant data should be supplied to consider new
literature and estimate the influence of anticipated improvements on dia-
betes management healthcare expenses (Gutierrez et al, 2018; Gyawali
et al.,, 2015; Khaledi et al., 2019).

This study systematically compares illness costs in Low- and Middle-
Income Countries (LMICs) and High-Income Countries (HICs), considering
recent diabetes research not covered in previous reviews. It investigates
the global and regional economic impact of diabetes, emphasising a non-
profit motive. The comprehensive analysis encompasses the societal,
healthcare, and individual dimensions of diabetes costs, including its distinc-
tive influence on labour market outcomes.

Problem statement

The surge in Type 2 diabetes, irrespective of income level, has led to a sub-
stantial economic burden, particularly in lower-middle-income countries
(LMICs). Existing studies emphasise the rising healthcare costs associated
with diabetes but lack a nuanced exploration of global trends, regional dis-
parities, and the comprehensive distribution of direct and indirect costs,
including their impact on the labour market. Furthermore, the evolution of
diabetes management costs, considering newer interventions, remains inade-
quately addressed. Methodological variations and data gaps hinder precision
and comparability in current research. This article aims to systematically
analyse illness costs, bridging these gaps, and providing up-to-date insights
into the economic impact of diabetes globally and regionally, with impli-
cations for effective policy development and resource allocation.

Methodology

The Cochrane Database of Systematic Reviews (CDSR) (ISSN 1469-493X) was
used to search for the relevant review articles previously published (Kleinstdu-
ber et al, 1996). In the initial review process, the gap was identified from
those selected articles, and afterwards, two authors (MDB and TM) were
assigned the task of extracting literature from various databases. These data-
bases include documents from PubMed, Embase, CINAHL, Scopus, Medline
Plus, and CENTRAL databases.

Search plan

The search for this review article was done electronically using a Boolean
operator such as ‘Diabetes Mellitus’ (Mesh) AND (‘Cost of lliness’ (Mesh) OR
‘Cost Control’ (Mesh) OR ‘Cost Analysis’ (Mesh) OR ‘Healthcare cost’ (Mesh)
‘type 2 diabetes). These key terms were searched using the filter from
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January 2011 to January 2023 because the articles before this have been
reviewed (Afroz et al., 2018; Ettaro et al., 2004; Ng et al., 2014). The references
were downloaded in RIS format where available and then moved to Mende-
ley. The English language restriction was also applied. Furthermore, this sys-
tematic review corresponds with the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) report for systematic reviews
(Moher et al., 2010).

Inclusion criteria

Studies were included with the English language, original search, and if the
results section included a monetary assessment of the direct and indirect
expenses of diabetes or if the impact of diabetes on healthcare expenditure
was estimated and other utilisation of resources for diabetes. No study was
eliminated from research with an insignificant sample size since we did not
want to be prejudiced against studies from low-income countries.

Exclusion criteria

Types of diabetes are distinct from other types of diabetes classifications like
Latent onset diabetes of the adult (LADA), maturity-onset diabetes of young
(MODY), or any other specified type mentioned in the literature other than
type 1 and type 2 diabetes mellitus were not counted in the study. Those
that focused solely on the costs of diabetes problems or management
options and studies that estimated costs for specific categories of people
with diabetes were omitted. Those studies focus on the cost of illness for
any diabetes-relevant comorbid conditions.

Selection process

Using the databases mentioned above, the reviewers assessed the topics and
abstracts of the relevant studies. After evaluating the searched articles, they
were excluded if they did not qualify for the inclusion criteria. The selected
articles were reviewed again by reading the whole articles for eligibility,
and relevant information was extracted from the included articles. The exclu-
sion was done. Furthermore, selected research articles were restudied and
rearranged using their references in the reviewed articles.

Data extraction

A data extraction sheet was created and tested as part of the research approach
to gather relevant data. MDB and TM extracted data. They carefully examined
each eligible paper and retrieved details. The extracted data included the
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studies’ geographic location, population, study sites, costing methods, and cost
categories. Hospitalisation, outpatient visits, complication management, medi-
cations, monitoring equipment, and diagnostic procedures/laboratory analyses
were included. The author checked the cost to make sure it matched the data.
OSC and ZUDB supervise the study. MDB, TM, MNK, AS, AH, and MA helped
write the manuscript. OSC and AS verified all data.

A study was excluded from the analysis if it did not offer enough methodo-
logical information. This strategy ensured data reliability and correctness for
analysis and clarification. Reviewers extracted data and assessed study out-
comes and features. Custom extraction forms followed the Centre for
Reviews and Dissemination’s systematic review guidelines (Konttila et al.,
2019). Using a table, 42 items that met the inclusion requirements were
selected. Based on key terms such as diabetes mellitus, cost of disease, cost
control, cost analysis, healthcare cost, and type 2 diabetes, the study results
were divided into themes. The study’s major goals were to calculate type 2 dia-
betes mellitus (T2DM) direct expenses, estimate per capita costs, and assess
T2DM'’s effects on employment, income, earnings, and absenteeism.

The research publications were tabulated with author, year, and journal
information for critical analysis. The tables also included the study’s design,
objective, sample size, data collection and analysis techniques, major
findings, and critical analysis. The study reported adherence, diabetes knowl-
edge, and quality of life results. The COI findings were structured for cross-
country comparisons. If available, the study’s diabetes prevalence data was
used to calculate expenses for research studies that offered general popu-
lation statistics rather than per capita expenditure data. When an estimated
aggregate cost is unavailable, summarising direct and indirect costs approxi-
mates the overall cost.

Per capita, COI study results enable cross-country comparisons. For popu-
lation-level data, study expenses were calculated based on diabetes preva-
lence, not per capita. If a complete cost estimate was not provided, the
sum of direct and indirect charges was used to determine the cost. The
costs were converted into purchasing power parity (PPP) adjusted estimates
to improve comparability, sometimes known as international dollars (USD).
We used the article’s exchange rate to convert approximations back into
the local currency because some studies used US dollars or other prominent
currencies instead of the country’s local currency. We used OANDA’s mid-
point exchange rate for the reporting period since the relevant study did
not offer an exchange rate. The CCEMG-EEPPI Centre calculated 2020 PPP-
adjusted figures using the Campbell and Cochrane Economics Methods
Group's cost converter. Purchasing Power Parity (PPP) standardises expenses
across study currencies. The World Bank’s consumer price index (CPI)
adjusted local currencies for inflation, allowing 2020 pricing comparisons. A
conversion tool converted local currency into USD (Ha et al., 2020).
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Results

By using the search strategy, a total of 1618 references were found. 873
articles remained after utilising the yearly search from 2010 to 2023. Further-
more, 690 articles published in other languages instead of English were
excluded. We deleted the repeated number of items from this list; the
result was 547. Following that, their titles and abstracts were reviewed for
inclusion criteria. 215 were removed because they did not match the
inclusion criteria. After the screening, 332 articles were selected for full-text
review. Forty-two papers met the inclusion criteria and were accepted for
this evaluation after a full-text review by the principal and secondary
reviewers. The primary grounds for exclusion were distinct from type 2 dia-
betes, which did not meet the criteria for the cost of illness for systematic
reviews, papers that did not give adequate details of the analysis, and cost
of illness, all trials with partial results or currently in the process were
excluded from this review. The study selection procedure is depicted in
Figure 1 as a PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analysis) diagram.

- Total Search Result
o n=1618
=
8 Excluded After Yearly
e filter
b= n=745
&) . 4
o Year (2010-2022)
00 =873 Excluded Other
= Languages
S n=183
(9
S Repeated Articles Study Data not accessible n=31
2 7 n=143 Included other Disease COI n=59
Total Article Drug Specific studies n=34
L Selected for Diabetic Foot Ulcer COI n=8
— Abstract Review Nephrotic Syndrome COI n=4
> n=547
= Article excluded for
a not meeting Inclusion
= Criteria
T n=143
— Initial Article select‘ed Insufficient Information (n=38)
A— for FullText Sereening Access Limitation (n=49)
=332 = / Non-Rel 1ce to Cost of Iliness (n=22)
Qo Full text Article Missing Cost Estimates (n=63)
= exc“,ldEd for n‘ot Non-Original Research (n=29)
5 meetlng In..clusmn Non-Diabetes Focus (n=16)
o (r::t;;'g Review Articles (n=17)
A -
Final Articles Selected
] n=42

Figure 1. PRISMA diagram of systematic review on diabetes cost of illness.
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Figure 2. Yearly review of publication data.

Preview of the procedure
Yearly review of publications

The provided findings for this study (COI on diabetes) were highlighted after
reviewing the papers. There has been a decrease in publications over the last
ten years, with some year-to-year variability. It is noted that there is no single
publication in the years 2020 and 2021. The primary focus of researchers in
these two years was on the COVID-19 pandemic because of the outbreak of
the pandemic. Most of the publications were done in 2011 and 2014; there
were eight publications each year. A sudden decline can be seen in 2013;
there was only one publication, and there was no apparent reason for this
decline. A gradual increase in publications was observed in the years 2015-
2017.(Afroz et al., 2019; Akari et al., 2013; Andersson et al.,, 2020; Anja & Laura,
2017; Anja & Laura, 2017; Bommer et al,, 2017; Bommer et al., 2018; Boyanov
et al, 2011; Bruno et al., 2012; Chatterjee et al., 2011; Chow et al,, 2018; Elgart
et al, 2014; Erzse et al, 2019; Hex et al., 2012; Hussain et al,, 2014; lbrahim,
2014; Javanbakht et al., 2011; Karachaliou et al., 2014; Kattel et al., 2019; Khan
et al., 2020; Koster et al., 2011; Koster et al.,, 2011; Lesniowska & Skrzekowska-
Baran, 2011; LeSniowska et al., 2014; Marcellusi et al, 2016; Mokdad et al.,
2015; Palmer et al.,, 2012; Quaye et al,, 2011; Riewpaiboon et al., 2011; Sortsoe
et al, 2016; Suleiman & Festus, 2015; Todorova et al., 2012; Ulrich et al., 2016;
Ying et al., 2011; Zhuo et al., 2014). Further details can be seen in Figure 2.

Geographical distribution of data

There were 33% of the study sample (n =14) from the Asian region (mainly
South Asia and the Pacific) that were reviewed in this study, as shown in
Figure 3. The articles from the European and American areas have the
same ratio of 21% (Europe n =9, American n=9). In comparison, articles (n
=3) from the Persian Gulf and Africa also have the same ratio of 7% in
each region. The current systematic review represents the population of 22
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Geographical Spread

AFRICA

AUS

PERSIAN GULF

OTHERS

Figure 3. Geographical representation of Reviewed Data. *AUS: Australia. Other: No
Specific region.

countries, including LMICs and HICs. Furthermore, one article with a popu-
lation of 35 lower-middle-income countries (LMICs) (Bommer et al., 2017)
and another with no defined area (Khan et al., 2020), both of which were
included in the ‘others’ category in Figure 3.

Lower-middle-income countries vs. High-income countries

Most reviewed articles were from LMICs (n=26), 61%, while 39% (n=16)
were from the HICs. Most articles used bottom-up methodology for analysing
the cost of illness (COl). Among these articles, the aggregate cost of illness
varied from LMICs to HICs. The highest aggregate cost is mentioned in a
study conducted in Germany (Koster et al., 2011), which is 19.68 billion
USD. In LMICs from the American region, the highest aggregated COI is of
Brazil (Bahia et al.,, 2019), which is 352.95 USD (56); in the Asian Region, the
highest COl is of India, which is 339 USD (Akari et al., 2013). The lowest aggre-
gated COl is of Iran, which is 0.32 USD (Javanbakht et al., 2011).

Sample and data collection of the studies

In all these articles, 40.4% of data (n = 17) were directly gathered from patients,
30% (n = 13) of data was collected from the records, and 28% of data was incor-
porated from mixed resources (patients along with hospital records and sec-
ondary data). Furthermore, in 45% of articles (n=19), the sample size of the
studies was type 2 diabetes, and 21% (n=9) consisted of the general popu-
lation (simple random sampling rather than purposive sampling for data collec-
tion). In addition, 16.66% (n =7) of articles consisted of a mixed population;
type 1 and type 2 diabetes, while in 16.66% (n =7), authors did not mention
any specific type of diabetes. They did not specify the population of their
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study. Most studies collected data at healthcare centres, outpatient depart-
ments (OPDs), private clinics, and hospitals. In 23% of studies (n=10), data
was directly taken from the patients using the survey method.

Cost of Illiness (COI) difference

The articles showed that COIl varies by location and country. A systematic
review of papers shows the COI range. Most costing strategies for diabetes
in high-income countries (HICs) use the sum of all approximate medical
expenses of diabetes patients without a control group. (Bahari et al., 2023;
Bommer et al, 2017; Ismail et al., 2017; Jacobs et al., 2017; Patty & Nita,
2022; Ulrich et al, 2016). The attributable-fraction strategy (Andersson
et al., 2020; Hex et al., 2012; Palmer et al., 2012) and the disease-attributable
costing approach were also used (Lesniowska et al., 2014; Moucheraud et al.,
2019). The attributable-fraction strategy was mainly used in the USA. The
incremental cost method was used most often in research about HICs
(Cannon et al.,, 2018). The most common method for LMICs was the survey
method (Butt et al., 2022; Garcia et al., 2015; Moucheraud et al., 2019;
Shetty et al,, 2021; Simon et al., 2019; Win Tin et al,, 2015).

On the other hand, almost all indirect cost evaluations use the same
method, which is called the ‘human capital approach.” This plan considers
any lost wages that a diabetic person or their caregiver may have had to
pay because of complications caused by diabetes. Only six studies used the
willingness-to-pay (WTP) method to estimate the indirect costs (Seuring
et al, 2015), as shown in Figure 4. This method tried to figure out how
much people would be willing to pay to lower the disease risk in the case
of diabetes. The WTP method was typically used to estimate indirect costs.

10

|

I
e
I
|

WWTP wSDS . Survey RB/Matching & SUM/ All medical

Figure 4. Different methods are used for the estimation of diabetes cost of illness.
*SUM: Sum of all Medical costs, RB: Regression Bias, SDS: Sum diagnosis-specific,
WTP: Willingness to pay.
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One of the studies included WTP estimates and the direct and indirect costs
evaluated using the human capital approach. Still, this study did not incorpor-
ate the WTP approximation in the overall cost approximation. The other two
studies, on the other hand, only looked at the WTP.

Perception of the studies

The studies on the cost estimates of diabetes were characterised by various
perspectives, making it challenging to compare them directly. Most of the
research focused on two main perspectives: society and healthcare
systems. The standpoint of society, adopted by (n=12) studies, considered
the direct and indirect monetary costs incurred by society, including those
arising from the healthcare system and productivity losses (Adiga & Adiga,
2018; Bommer et al., 2017). On the other hand, studies (n = 18) focused on
the healthcare system’s perspective, which was particularly common in
high-income countries (HICs), where the cost of diabetes was assessed
regarding its impact on private or public health insurance.

In lower middle-income countries (LMICs), however, a few studies (n =6)
adopted the patient’s point of view in evaluating the productivity losses
that directly affected the diabetes patient. The differing perspectives
adopted by the studies highlight the complexity of estimating the cost of dia-
betes and the need for a comprehensive approach that considers all relevant
factors.

Cost modules

According to the findings of these studies in which patients provided their
data, the average cost of an outpatient visit ranged from 5.97 million USD
(in Nigeria) to 56.94 million USD 7.41 million (in Iran). Costs of annual

Table 1. Cost components of patients reporting data average reporting data (USD).

Visits
Diabetes  Outpatient ~ Per-  Medicine Inpatient
Country Type Per-Visit Year  Per-Year Per-Year
LMICs Nigeria (Suleiman and Festus T2DM 5.97 26.88 522.85 -
(2015), Fadare et al. (2015))
Bangladesh (Afroz et al., (2019), T1DM, - 24.00 195.00 -
Shetty et al., (2021)) T2DM
Iran (Davari et al., 2016, T2DM 56.94 85.05 225 551
Javanbakht et al., 2011)
China (Bloom et al. (2014), Bao T2DM - - 255.95 215
et al. (2017), Huang et al.
(2016))

Ghana (Quaye et al. (2011), - - - - -
Amon and Aikins (2017))
HICs  No data was reported from patients.
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Table 2. Average Reporting Data (USD) Outpatient Cost Components from records.

Visits
Diabetes  Outpatient  Per-  Medicine Inpatient
Country type Per visit year  Per-year  Per-year
LMICs Thailand (Chatterjee et al. T1DM, 3.99 28 996 2651
(2011)) T2DM
China (Dahal et al. (2022), Bloom T2DM 47 - 1764 2885
et al. (2014))
Vietnam (Le et al. (2017)) - - - 292 1052
Brazil (Bahia et al. (2019), Borges T2DM - - 1036 1772
et al. (2014), Toscano et al.
(2018))
Argentina (Elgart et al. (2014)) T2DM 22 - 239 1407
HICs Canada (Anja and Laura (2017)) - 24 395 400 5500
Germany (Ulrich et al. (2016)) T1DM, 1 545 220 4978
T2DM
Italy (Marcellusi et al. (2016)) T2DM 33 555 1278 4964
USA (Bommer et al. (2017)) - 50 1000 7884 9581
Finland (Arffman et al. (2020)) T2DM 22 550 417 3912

outpatient visits were reported in these studies conducted in LMICs (24
million USD in Bangladesh and 85.05 million USD in Iran). In comparison,
the annual outpatient visit cost in Nigeria was 26.88 million USD (Table 1).

The group of low- and middle-income countries had, on average, relatively
low annual medicine costs (approximately 299.7 USD average per annum).
Although inpatient charges differed, this was not mentioned in the research
conducted in Bangladesh and Nigeria. Iran and China, two additional
countries, said it, with their respective prices being 551 USD (Iran) and 215
(China) USD (Table 2). Although there is not a single record identified from
HICs that corresponds to these studies, there is not a single study from
HICs that includes patients as participants. The average cost of an outpatient
visit was USD28 in high-income countries, compared to just USD 24.33 in low-
and middle-income countries (Table 2). The average annual medication cost
was USD 139 in low- and middle-income nations and USD 218 in high-income
countries. The average yearly cost of hospital care was USD 345.70 in low- and
middle-income countries and USD 6,100 in high-income ones (Table 2). Due
to a lack of data from low- and middle-income countries, it could not draw
reliable conclusions about the relationship between income and quality of
life.

Prevalence bases cost estimation of diabetes

One of two primary epidemiological methods can estimate COI, neither of
which can be directly compared to the other. The incidence method is
used to assess the costs associated with diabetes. This method follows
patients over time, typically with their diagnosis in a shared base year and
continuing until death or the end of a specific period (such as ten years). In
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Table 3. Prevalence-based study direct expenses by estimation technique and financial
status in USD.

HICs LMICs
SAM SDS RB/M Survey SAM SDS RB/M Survey
Min 620 720 1187 1895 240 2325 465 645
Max 1930 2640 4750 4234 960 1550 3750 8755
N 4 3° 3° 37 2° 4 7° 6°

* @=various countries are included, SAM = Sum all medical cost, SDS = Sum diagnostic specific, RB =
Regression based, HICs = high income countries, LMICs = lower-middle income countries.

addition, this system can keep track of the shifting characteristics of expenses
associated with diabetes as the condition worsens. On the other hand, the
prevalence technique calculates the costs of diabetes for a representative
sample of persons who have diabetes at a specific time (often one year)
and over a spectrum of disease severity. This method is used to analyse the
costs of diabetes. It is an effective method for determining the total monetary
cost of diabetes at any time. Because of the differences in study lengths and
data sources, it is impossible to directly compare the estimation from preva-
lence-based studies and those from incidence-based research. As a result, we
independently present the cost estimates, starting with the predominance
technique.

Table 3 shows the projected range of direct costs based on the estimation
method and the annual household income. When it comes to estimating
direct costs, it is evident that there is a considerable lot of discordance not
just between the various estimation procedures but also within those strat-
egies themselves. Direct costs were predicted to range from USD 470 in
Mexico in 2011 to USD 12000 in the United States in 2013. These estimates
were dependent on both the year and the nation. Research carried out in
LMICs revealed that direct costs were significantly lower than reported in
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studies that were carried out in higher-income countries (Le et al. 2017; Mapa-
Tassou et al., 2019).

Per the patient’s annual cost

Inpatient treatment, pharmaceuticals, and laboratory tests are the com-
ponents that make up the yearly diabetes care cost components. The
annual cost per patient is broken down in the following data, compiled
from each publication. Figure 5 illustrates information per article, with the
data arranged in increasing order of a per-capita gross domestic product
within each group. The data are grouped according to the data source.
Only the data supplied in the articles and the statistics from the relevant
countries were used as a data source for this graph because not all included
articles provide any information about all the cost components. The average
annual cost was used from different articles which belong to the same
country.

In HICs, the cost of inpatient care was the most often cited feature of
healthcare in these articles (n=9), accounting for 21% of the total sample.
The USA had the highest inpatient costs at 9581 USD annually per patient,
while Russia had the lowest at 1497 USD annually. The cost of medicine is
the second highest cost component per patient (n =12, 28%), and it exhib-
ited the same results as the previous cost component, with the United
States having the highest cost at 7884 USD yearly per patient and Finland
having the lowest cost at 192 USD annually per patient. In contrast, laboratory
costs were the least expensive compared to the other two cost components.
Less than half of the studies reported outpatient expenditures (annual or per
visit). Only seven articles included all four cost components.

Per Patient Annual Cost In LMIC's

Total Diabetes Management Cost .
374 5095

© Australian Bureau of Statistics, GeoNames, Microsoft, Navinfo, OpensStreetMay

Figure 6. Annual cost/patient in lower-middle-income Countries.
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In LMICs, the cost of inpatient care was also the most often cited feature of
healthcare in the reviewed articles (n = 18), which is 42% of the total sample.
Persian Gulf and Taiwan had the highest inpatient costs at 2000 USD annually
per year, while Ghana had the lowest at 300 USD annually per patient, as
shown in Figure 6. The cost of medicine is the second highest cost com-
ponent per patient (n =20, 47%), and it revealed different results compared
to HICs' cost component (de Lagasnerie et al., 2018; Dedov et al., 2018). In
LMICs, Taiwan had the highest cost at 300 USD yearly per patient; many
countries have 200 USD, such as Mexico, Chile, Africa, Iran, and Malaysia,
while various countries had an average of 100 USD, such as Thailand,
China, Vietham, Argentina, and Brazil. The lowest medicine cost was 50
USD annually per patient in Nigeria, Bangladesh, and Ghana. Compared to
HICs, laboratory costs were the lowest compared to the other two cost com-
ponents in LMICs; compared to the HICs, its average is 30 USD annually per
patient. Similarly, to HICs, a few studies reported all the Cost components,
while others reported 2 or 3 cost components. The costing and evaluation
of the overall components can be seen in Appendix A, Attached.

Annual per patient medication cost

According to the evaluated studies, the price of insulin and other diabetes
drugs varies greatly by nation and healthcare quality. In lower-middle-
income countries (LMICs), oral diabetes medicine is more common than
insulin, which is more expensive. Low- and middle-income countries lack
drug price information. Many articles indicated that type 2 diabetes insulin
costs between USD20 to over USD1,200 per patient per year. Metformin
prices ranged from USD 72 to over USD 100 per patient. Type 2 diabetes
care costs the most (Table 4).

CVD medication costs range from USD 27 to USD 544 per year. India (low-
middle income) had the narrowest range, and Canada (high-income) had the
biggest.

Diabetes medication can be expensive for individuals and healthcare
systems in countries with high living costs and limited access to affordable
healthcare. Low-cost treatment is essential to treat diabetes and prevent
complications. To improve policy and healthcare, LMIC drug cost research
is needed.

Discussion

The present systematic reviews achieved their goals by disclosing research
from various countries. The cost estimates vary widely within and between
these nations. A systematic examination of scholarly literature found 42
papers on diabetes and its worldwide costs of illness (COI). Asia paid 50%
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of sickness publication costs, while Europe and the US spent 25% apiece.
About 61% of the study sample, 26 people, had data from low- and
middle-income nations. The publications focused on type 2 diabetes. The
gaps in the literature suggest future research on the financial burden of
type 2 diabetes management and the economic impact of illness in Africa,
the Persian Gulf, and Central Asia, which have received little attention.
Type 1 diabetes management costs may be a concern.

According to the findings, diabetes management in low- and middle-
income countries may be costly. Lack of health insurance for a large
number of people worldwide has forced households affected by diabetes
to pay for treatment, which can be stressful. This study emphasises the
need to acknowledge cost-cutting initiatives, such as treatment cost
reduction and increasing spending to reduce high-cost outcomes. At least
10% of 800 million households’ annual expenditures goes on healthcare
(Afroz et al., 2018). Due to high healthcare costs, 12.5% of these households
must live on USD1.90 or less (Chen et al., 2016). Conflicts of interest (COI)
research in low- and middle-income countries (LMICs) is a significant
advance since the last study. Studies show that diabetes-related economic
stress affects people with diabetes immediately. The high out-of-pocket treat-
ment costs that patients must pay typically necessitate spending a large
amount of their annual income on diabetes care. (Alzaid et al., 2021;
Arffman et al., 2020; Bommer et al., 2017; Cannon et al., 2018; Sathyanath
et al.,, 2022).

The study could not explore affordability challenges or the correlation
between reported care expenditures and household income. However,
research has established significant connections between these factors
(Andersson et al., 2020; Bahari et al., 2023; Bommer et al., 2018; Flood et al.,
2021). This underscores the imperative for further investigation into accessi-
bility obstacles faced by patients and healthcare providers in managing
chronic illnesses like diabetes. While clinical supplies’ costs, excluding medi-
cation, are under-documented, prevailing literature suggests they may form a
substantial portion of overall expenditures. Studies show a wide range of
annual inpatient expenditures, from under USD 20 to exceeding USD 1200,
and medication costs varying from less than USD 15 to over USD 1000 per
year (Papanicolas et al, 2018). Outpatient consultation expenses ranged
from USD 20 to USD 500, with significant variations both among and
within countries. These differences may stem from diverse healthcare
service utilisation levels or other sectors, cautioning against direct study com-
parisons due to methodological and expense variability (Alzubaidi et al.,
2022).

This review utilised diverse research methods to compare diabetes treat-
ment costs, revealing potential disparities in judgments from insurance com-
panies and patients. Patient-reported data is susceptible to biases. Including
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both type 1 and type 2 diabetes studies underscores the need for further
research to distinguish their distinct treatment methods. Consideration of
treatment accessibility requires evaluating governmental and system
funders’ capacities. The report highlights the high costs of hospitalisation
and pharmaceuticals, especially in insulin for type 1 diabetes. Expensive lab
tests, averaging $20 and costing $8-500 annually, contribute to overall
expenditure. Despite adjusting for per capita GDP, US studies show higher
diabetes costs than similar-income nations, possibly due to rising healthcare
prices. (Association, 2013; Taha et al., 2022).

The findings of our study should be approached with caution due to the
restricted sample size of participants, and additional variables probably con-
tinue to hold significance. Multiple lines of evidence indicate that using
alternative costing techniques significantly impacts cost projections for treat-
ing diabetes (Borges et al., 2014; Katam et al., 2016). Furthermore, the choice
of perspective, the diverse range of data sources and populations under con-
sideration, and the comprehensive assessment of cost components are all
potentially critical factors in elucidating the heterogeneity observed within
a given nation. The incorporation of diabetic complications and determining
which issues to incorporate, along with the degree to which expenses for
these ailments are ascribed to diabetes, can significantly influence the
results. Moreover, the degree to which diabetes is responsible for these
expenses can dramatically influence the results. Several studies have been
found to lack the inclusion of complications, whereas some studies have
not furnished details on how they have integrated issues into their analysis
(Akari et al., 2013; Akobundu et al., 2006; Bommer et al., 2017).

The precision of cost estimations may be compromised by data quality, as
many investigations in low- and middle-income countries (LMICs) rely on self-
reported data from economic household surveys. Limited scope and reliance
on memory reduce applicability and susceptibility to bias. Participants in this
study predominantly received diagnoses through healthcare facilities,
excluding a significant portion of LMIC residents without access to conven-
tional healthcare. This exclusion might lead to an overestimation of typical
diabetes-related costs.

Conclusion

In conclusion, this systematic review has significantly advanced our under-
standing of the global economic impact of type 2 diabetes. By achieving its
goals of identifying new economic data post-2010 and expanding the inves-
tigation globally, the study has shed light on the substantial variations in dia-
betes costs within and between nations. The financial burden of type 2
diabetes on low-income communities, often overlooked in labour market
research, emerged as a critical concern.
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The findings underscore the urgent need for focused research on the
endogeneity of diabetes cost-of-illness studies and highlight the impor-
tance of addressing information gaps through comprehensive field
research. The economic stress faced by people with diabetes in low- and
middle-income countries, coupled with the lack of health insurance,
emphasises the imperative for cost-cutting initiatives and increased spend-
ing to alleviate the economic challenges associated with diabetes
management.

The study’s identification of gaps in the literature, particularly in regions
like Africa, the Persian Gulf, and Central Asia, calls for future research to
better understand the financial implications of managing type 2 diabetes
in these underserved areas. The disparities in healthcare spending patterns
among different regions and income levels further emphasise the need for
standardised reporting methods and a global perspective in addressing dia-
betes-related economic challenges.

While acknowledging limitations such as data quality issues and potential
biases, this review provides valuable insights for policymakers, healthcare
practitioners, and researchers. The multifaceted economic challenges associ-
ated with diabetes management, encompassing treatment costs, accessibility
issues, and the impact on household income, underscore the complexity of
addressing this global health concern.

In essence, this systematic review contributes to the existing body of
knowledge on the economic aspects of type 2 diabetes, providing a foun-
dation for future research endeavours. As the prevalence of diabetes con-
tinues to rise globally, understanding its economic impact becomes
increasingly crucial for designing effective and equitable healthcare policies
and interventions.

Limitations of the study

1. Data Reporting Variability: Inconsistency in data reporting across publi-
cations poses a challenge, with missing information on data collection
year, sample selection, and participant recruitment processes in some
articles.

2. Currency Information Difficulty: Obtaining currency information in
certain publications adds a layer of complexity.

Implications for Policy and Practice:
1. Standardized Data Collection and Reporting: Diabetes cost-of-illness

studies should adopt standardised methods guided by health economics
literature recommendations.
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2. Viable Practices: Explicit specification of currency units, data gathering
time, and duration, along with accurate terminology for costing
approaches and meaningful cost classification.

3. Data Accuracy Assurance: Researchers should ensure accuracy by report-
ing mean and median expenditures for relevant time intervals, addressing
patient utilisation variations for specific treatment components.

4. Contribution to Knowledge: Despite limitations, this research enhances
understanding of diabetes management costs, offering empirical data to
fill crucial gaps for future predictions.
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