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Abstract
Background In the Middle East and North Africa (MENA) the scarcity of local cost data is a key barrier to conducting 
health economic evaluations. We systematically reviewed reports of disease-related costs from MENA and analysed their 
transferability within the region.
Methods We searched PubMed and included full text English papers that reported disease-related costs from the local popu-
lations of Algeria, Bahrain, Egypt, Iraq, Jordan, Saudi Arabia, Kuwait, Lebanon, Libya, Morocco, Oman, Palestine, Qatar, 
Syria, Tunisia, United Arab Emirates and Yemen between 1995 and 2019. Screening, study selection and data extraction were 
done in duplicate. Study-related variables, costing methods, all costs and their characteristics were extracted and analysed 
via descriptive methods. From multi-country studies of MENA employing homogenous costing methods, we estimated the 
ratio (cost transfer coefficient) between the relative differences in direct medical costs and macroeconomic indicators via 
robust regression. We predicted each cost via the estimated cost transfer formula and evaluated prediction error between 
true and predicted (transferred) costs.
Results The search yielded 1646 records, 206 full text papers and 3525 costs from 84 diagnoses. Transferability was ana-
lysed involving 144 direct medical costs from eight multi-country studies. Adjusting the average of available foreign costs 
by 0.28 times the relative difference in GDP per capita provided the most accurate estimates. The correlation between true 
and predicted costs was 0.96; 68% of predicted costs fell in the true ± 50% range. Predictions were more accurate for costs 
from studies that involved the largest number of countries, for countries outside the Gulf region and for drug costs versus 
unit or disease costs.
Conclusion The estimated cost transfer formula allows the prediction of missing costs in MENA if only GDP per capita is 
available for adjustment to the local setting. Input costs for the formula should be collected from multiple sources and match 
the decision situation.

Plain Language Summary
In the Middle East and North Africa (MENA) scarce local cost data hinder health economic evaluations. This systematic 
review summarized disease-related costs from 17 countries (Algeria, Bahrain, Egypt, Iraq, Jordan, Saudi Arabia, Kuwait, 
Lebanon, Libya, Morocco, Oman, Palestine, Qatar, Syria, Tunisia, United Arab Emirates and Yemen). Eight studies applied 
the same costing method across multiple countries. We used these data to estimate a formula for transferring costs between 
countries. We assumed that costs vary proportionally with gross domestic product per capita (GDP). Most accurate cost 
predictions were provided when relative cost differences were set to 0.28-times the relative differences in GDP per capita. 
The correlation between transferred and true costs was very high. Still, only 68% of transferred costs fell in the true ± 50% 
range. Cost estimates were more accurate if costs were transferred from multiple countries. Also, estimates were more accu-
rate for countries outside the Gulf region and for drug costs when compared to unit- or disease costs.
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Key Points for Decision Makers 

Between MENA countries, disease-related costs vary 
less than GDP per capita. Cost differences between 
countries were proportional to 0.28-times the differences 
in GDP per capita. When only GDP-based adjustments 
are feasible, for most accurate predictions, transferred 
costs should be adjusted by this factor.

68% of such estimates fell in the true cost ± 50% range. 
Therefore, wide error margins should be applied in sen-
sitivity analysis.

Predictions were more accurate if costs were available 
from multiple countries, if predictions were made for 
non-Gulf countries and for drug costs versus unit or 
disease costs.

1 Introduction

Depending on the definition, the Middle East and North 
Africa (MENA) region includes 19–35 countries, including 
some of the wealthiest and poorest in the world, comprising 
up to 6% of the global population and 4.5% of the global 
economy [1–3]. In the past decade, MENA countries have 
made substantial progress in improving their health systems 
and enhancing the health outcomes of their populations. 
However, the structure and financing of healthcare systems 
is rather heterogenous in the region. While high-income 
countries maintain state-of the art hospitals and universal 
coverage, lower income countries in the region are strug-
gling to build their healthcare systems [4]. Overall, in most 
MENA countries, the proportion of GDP spent on healthcare 
is below the global average and the share of out-of-pocket 
spending within total health expenditure exceeds the global 
average [5].

Health technology assessment (HTA) is “a multidisci-
plinary process that uses explicit methods to determine the 
value of a health technology at different points in its life-
cycle [6]”. As a means to inform decision making in order 
to promote equitable, efficient, and high-quality health sys-
tems [6], HTA has been recognized as an important tool 
in the pursuit of universal health coverage and sustainable 
healthcare financing worldwide [7]. In MENA, despite the 
growing interest from countries, the implementation of HTA 
is still in its early stage [8]. Health economic evaluations 
in MENA have been systematically reviewed in multiple 
studies [9–13]. In addition to limited funding as well as 
organizational and human resource barriers, a commonly 

cited constraint to the implementation of HTA in the region 
is the limited availability of relevant local data on costs and 
outcomes [9, 10, 12–14].

In the context of health economic evaluations, transfer-
ability generally refers to the feasibility of adjustments both 
for varying location/country-specific input parameters, and 
decision-maker-specific methodological requirements that 
provide valid estimates for a specific country using foreign 
studies when local studies are lacking [15–17]. Clinical out-
comes are usually transferable between countries. However, 
the transferability of cost data is challenging due to the sig-
nificant inter-country variability in demography, epidemiol-
ogy, economic performance, healthcare systems, unit costs, 
financing mechanisms and healthcare practice patterns [15, 
16, 18]. In general, the more detailed and transparent the 
reporting, the more likely that results of health economic 
evaluations can be transferred internationally [19, 20]. As 
such, several studies have explored the transferability of 
costs between jurisdictions [21–25]. Despite being a crucial 
aspect for the development of HTA in MENA, the transfer-
ability of costs within the region has not yet been systemati-
cally studied.

Therefore, this systematic review was undertaken to iden-
tify studies that report disease-related costs from MENA 
[26]. We describe the published costs and estimate a cost 
transfer formula that allows the prediction of missing direct 
medical costs using macroeconomic indicators. Finally, we 
analyse the prediction accuracy for transferred costs.

2  Methods

2.1  Systematic Review

A systematic review was conducted for the identification 
of publications reporting disease-related costs from the 
17 selected countries, which were listed in at least six of 
seven MENA definitions[26]: Algeria, Bahrain, Egypt, Iraq, 
Jordan, Saudi Arabia, Kuwait, Lebanon, Libya, Morocco, 
Oman, Palestine, Qatar, Syria, Tunisia, United Arab Emir-
ates (UAE) and Yemen. For the analysis of cost transferabil-
ity, we selected the subset of articles that reported the same 
costs from multiple MENA countries as described below. 
The PRISMA guidelines were followed when reporting 
results [27] (Online Supplementary Material (OSM) File 1, 
Table S1). No ethics approvals were needed for the study.

A literature search in PubMed database was carried out 
up to 15 December 2019 using the filter of English language 
and full-text journal articles and combining the countries 
as well as the list of keywords related to general descrip-
tions, key methods and main outcomes of health economic 
analysis. The detailed search strategy is included in OSM 
File 1 (Table S2).
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Abstracts and titles were screened for eligibility by 
two independent researchers, discrepancies were resolved 
by consensus. English language full-text articles of origi-
nal research on humans were eligible for our review if the 
studies concerned the local population of the respective 
MENA countries, and costs were reported in monetary units 
between 1995 and 2019. In addition, we identified four sys-
tematic reviews of health economic studies from MENA 
and included eligible studies from their reference lists. Full 
text articles were checked against the predefined eligibility 
criteria by six pairs of four independent researchers, who 
made decisions upon mutual agreement in case of any aris-
ing differences.

2.2  Data Extraction

A Microsoft Excel spreadsheet was developed for data 
extraction according to predefined criteria. Data extraction 
was performed in parallel by six pairs of four independent 
researchers. All entries were cross-checked, and differences 
were resolved in a multi-phase process. First, each researcher 
extracted data from articles assigned to them, then results 
were cross-checked by a second reviewer and differences 
were resolved by consensus during regular group meetings 
under the supervision of two senior researchers. From each 
publication, the first author, publication year, and the target 
country and all costs were extracted. We recorded the type 
of economic analysis and the study perspective, based on 
the authors’ description or the best judgement of reviewers. 
For each cost, the disease area, intervention as well as the 
year of cost collection, currency, number of patients, and the 
discount rate were extracted. We assigned the International 
Classification of Diseases and Related Health Problems 10th 
Revision (ICD-10) chapter and diagnosis code to each cost 
[28]. We also mapped each diagnosis to disease categories of 
the Global Burden of Disease report for the region [29]. Fur-
thermore, the healthcare setting, the main cost categories, 
the sources of cost data, the methods of primary studies and 
sources of secondary data were recorded. The predefined 
extraction sheet was piloted on a limited number of articles 
(five articles by each researcher pair; 30 in total) and refined 
thereafter. Detailed definitions of the variables are provided 
in OSM File 1 (Table S3).

2.3  Analysis of the Transferability of Costs 
in Multi‑Country Studies

2.3.1  Assumptions

Although many factors influencing transferability have been 
identified [16, 17, 22], when imputing missing costs in a 
data-scarce setting, adjustments may only be feasible based 
on a limited number of available parameters. Motivated by 

the rapid de facto HTA assessments applied for Eastern 
Europe and other resource-limited settings [18, 30, 31], we 
assumed that missing costs can be imputed after adjusting 
only for a single macroeconomic indicator, such as gross 
domestic product per capita (GDPpc), total health expendi-
ture per capita (THEpc) or governmental health expendi-
ture per capita (GHEpc). To emphasize the use of per capita 
values, macroeconomic indicators are denoted as MIpc. We 
assumed that within the region, the relative differences of 
costs between countries (RDCost) are proportional to rela-
tive differences in macroeconomic indicators (RDMIpc) to 
a factor βMI, denoted as the cost transfer coefficient for a 
given macroeconomic indicator. This assumption is formally 
written as:

Eq. (1) can be expanded as follows:

where the left side of the equation is the relative difference 
of costs, and the right side is the relative difference in the 
macroeconomic indicators, multiplied by the cost transfer 
coefficient (i.e., the factor of proportionality). To eliminate 
the variability caused by different costing methods [32], we 
calculated relative differences of costs from studies, which 
measured the same cost in multiple MENA countries and 
applied the same costing methodology in the same cost-
ing year. Such costs are denoted as  Costx. In Eq. (2)  Costx,i 
denotes  Costx measured in country i and Costx,j≠i denotes 
the mean of  Costx for all countries where it was reported, 
except country i. With similar indexing, MIpcx,i denotes the 
per-capita macroeconomic indicator measured in purchase-
parity international dollars (PPP$) in country i in the costing 
year of  Costx where MIpc can be replaced by GDPpc, THEpc 
and GHEpc. The error term is ε. The respective cost transfer 
coefficients are denoted by βGDP, βTHE and βGHE.

2.3.2  Assessing the Quality of Reporting

For the studies included in transferability analysis, one 
reviewer evaluated the transparency of reporting according 
to the transferability evaluation criteria proposed by Fukuda 
et al. [25]. Reporting transparency ensures that researchers 
can judge the potential applicability of a given cost for their 
own economic analysis. Level A denotes a full reporting of 
resource use and unit costs for all cost components. Level 
B denotes that all cost components are separately reported. 
Level C denotes that cost components are listed but not 
reported separately, and Level D describes the scope of cost-
ing but included cost components are not listed.

(1)RDcost = �MI ⋅ RDMIpc + �

(2)
Costx,i − Costx,j≠i

Costx,j≠i

= �MI ⋅

MIpcx,i −MIpcx,j≠i

MIpcx,j≠i

+ �
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2.3.3  Input Variables

We included direct healthcare costs reported for a single 
patient if both costs and macroeconomic indicators were 
available from at least two countries. Population costs 
involving inputs from epidemiological data or treatment 
effects were excluded. By their level of aggregation, costs 
were categorised as drug, unit or disease costs [24]. All costs 
were reported in current US$ or PPP$ except one study, 
where local currency was transferred to US$ by the exchange 
rate of the costing year provided by the authors [33]. Fol-
lowing Eq. (2), we calculated the relative differences for 
each country-level cost versus the mean of the same cost 
measured in other countries. We also calculated the rela-
tive differences of GDPpc, THEpc and GHEpc using World 
Bank purchase power parity international dollars (PPP$) 
data, if available [2]. We applied the skewness-kurtosis test 
[34] to explore the distributional properties of the relative 
difference values.

2.3.4  Estimating Cost Transfer Coefficients

Following Eq. (1), we estimated the cost transfer coefficient 
from the relative differences of costs and macroeconomic 
indicators via simple regression without intercept. We used 
robust regression models, which are less sensitive to outli-
ers than ordinary least squares (OLS) regression, provid-
ing more precise fit on the majority of data points while 
allowing greater errors for outliers [35]. First, we applied 
an M-estimator with iteratively reweighted least squares [35, 
36]. Second, we used quantile regression, which estimates 
the conditional median of the dependent variable. Third, we 
applied interval regression, which estimates parameters by 
assuming that values of the dependent variable fall anywhere 
between a lower and an upper limit [37]. We estimated the 
cost transfer coefficient by setting the interval limits to true 
cost ± 30% (see below). We emphasize that cost transfer 
coefficient estimates apply only to situations where costs are 
collected with the same methods in the same costing year in 
multiple countries.

By rewriting Eq. (1), the missing cost for a country can be 
predicted by the following cost transfer formula:

Where Ĉostx,i denotes the predicted cost. Equation (2) 
suggests that if β = 0 (i.e., costs do not vary with the macro-
economic indicator), then Ĉostx,i = Ĉostx,j≠i and the missing 
cost could be imputed using the mean of available costs from 
other MENA countries (given that costs were measured by 

(3)ĈOSTx,i =

(

1 + �
MIpcx,i −MIpcx,j≠i

MIpcx,j≠i

× Costx,j≠i

)

the same method in the same costing year). If β = 1, costs 
vary to the same extent as macroeconomic indicators. We 
formally tested both hypotheses, whether the estimated cost 
transfer coefficients are different from 0 (t-test) or from 1 
(Wald-test).

2.3.5  Evaluation of the Prediction Accuracy for Transferred 
Costs

To evaluate the accuracy predictions that is unaffected by 
the magnitude of costs, we calculated Pearson correlation 
coefficients, and mean relative error (MRE) values between 
predicted and actual costs. For MRE we applied the follow-
ing formula, where Costi represents the true value and Ĉosti 
the predicted value of cost i.

Furthermore, we calculated the percentage of cost esti-
mates falling in an acceptable tolerance range. Although 
we are not aware of established standards for the accuracy 
of cost estimates in healthcare, we applied standards used 
in industrial engineering and public planning. Class 5 and 
Class 4 estimates are rough cost estimates prepared from 
limited information during project initiation for purposes 
such as screening or the evaluation of economic or technical 
feasibility [38, 39]. Following these benchmarks, we evalu-
ated the proportion of predicted costs falling in true cost ± 
50% and ± 30% ranges.

2.3.6  Evaluation of the Determinants of Transferability

As robust regression methods are resistant to outliers, the 
prediction errors of robust regression are useful for the 
detection of outliers (i.e., costs that cannot be predicted 
with reasonable accuracy via the cost transfer formula) [40]. 
We used relative errors (REs) for each cost as a measure of 
transferability. From Eq. (3), the relative error for cost I is 
calculated by the following formula:

Greater RE values indicate less accurate cost estimates 
(and hence, less transferability). We used ordinary least 
squares (OLS) regression analysis on log transformed RE 
values to explore the determinants of transferability, such as 
the relative difference in macroeconomic indicators, country, 
study, and the level of aggregation of costs. All calculations 
were performed using Stata 17 statistical software [41].

(4)MRE =
1

n

n∑

i=1

|
|
|
Ĉosti − Costi

|
|
|

Costi

(5)REi =

|||
Ĉosti − Costi

|||
Costi



591Transferability of Disease-Related Costs in MENA

3  Results

3.1  Literature Search

The results of the literature search are shown in the PRISMA 
(Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses) flowchart (Fig. 1). From the 1,646 records, 
198 full-text publications were assessed for eligibility. We 
identified additional 60 publications from the reference 
list of four systematic reviews [9–11, 42]. Altogether, we 
extracted 3525 costs from 206 publications for further analy-
sis. Details of the included studies are summarized in OSM 
File 2 (Tables S4–S9). For the transferability analysis we 
identified eight reports [33, 43–49] including 144 eligible 
costs. Altogether 38 different costs were reported from at 
least two of the 17 countries. All studies and costs items 
included in the transferability analysis are detailed in OSM 
File 3 (Tables S10–S11).

3.2  Description of Disease‑Related Costs Published 
in Middle East and North Africa (MENA) 
Countries

3.2.1  Distribution of Publications and Costs by Country

Most publications were from Saudi Arabia (52/206, 25.1%), 
Egypt (40/206, 19.4%) and Jordan (15/206, 7.3%). Four-
teen of the 206 studies were multinational (6.8%), reporting 
either costs from multiple countries using uniform costing 
methods (8/206, 3.9%) or average costs for country groups 
(6/206, 2.9%). The fewest publications were from Yemen 
(3/206, 1.5%), Lebanon (3/206, 1.5%), Bahrain (3/206, 
1.5%) and Syria (2/206, 1.0%). The detailed breakdown of 
publications and costs by country are provided in Fig. 2.

3.2.2  Distribution of Publications and Costs Over Time

We observed a marked increase of publication activity from 
2012 with an average 2.8 (SD 1.9, range 0–15) years’ delay 
between the costing year and the publication year. Over 
half of the costs were published before 2012 (1,789/3,525, 
50.7%). The distribution of publications and costs over time 
are detailed in OSM File 4 (Fig. S1).

3.2.3  Distribution of Publications and Costs Items 
by Disease Area and Diagnosis

Except for ICD-10 chapter XX (External causes of morbidity 
and mortality), we found publications from all disease areas. 
Most publications were reported in ICD-10 chapter I (Cer-
tain infectious and parasitic diseases; 41/206, 19.9%), fol-
lowed by chapter IV (Endocrine, nutritional and metabolic 

diseases; 24/206, 11.7%) and chapter II (Neoplasms, 18/206, 
8.7%). The disease area was not specified in 28/206 (13.6%) 
publications. These articles focused on a broad (not speci-
fied) patient population, a particular care setting, a lifestyle 
risk, subgroups of the general population or patients taking 
a particular therapy. Altogether 36/206 (17.5%) papers con-
cerned paediatric populations. The breakdown of studies and 
costs by disease area is provided in OSM File 4 (Fig. S2).

We identified 84 conditions, out of which 16 were fea-
tured in at least three papers (Fig. 3) and a further 14 in at 
least two papers. Diabetes mellitus (18/206, 8.7%), hepatitis 
C (11/206, 5.3%) and rotavirus enteritis (10/206, 4.9%) were 
covered most frequently. The eight papers included in the 
transferability analysis covered seven conditions.

From the top 25 causes of DALYs in MENA, ten had 
more than three reports (Fig. 3), neonatal disorders, falls 
and injuries had 2–2 reports and low back pain, depression, 
diarrheal diseases and hypertensive heart disease were cov-
ered by one study each. We found no cost reports for ten 
conditions from the top 25 causes of disease burden in the 
region (e.g., congenital birth defects, iron deficiency, anxi-
ety, chronic obstructive pulmonary disease (COPD), neo-
natal encephalopathy and sepsis, neck pain, drug use disor-
ders, other musculoskeletal disorders and cardiomyopathy/
myocarditis).

3.2.4  Key Characteristics of Costs

Over one-third of costs (1295/3525, 36.7%) came from the 
outpatient setting, another third from the inpatient setting 
(1166/3525, 33.1%), 22.9% (808/3525) were from a mixed 
(outpatient and inpatient) setting, and for 7.4% of costs 
(259/3525) the outpatient/inpatient categories were not 
applicable (e.g., indirect costs/productivity losses, direct 
non-medical costs or communication/management costs of 
public health programs). The cost types and main sources 
of costs are shown in Fig. 4. The sources of costs in pri-
mary studies were most frequently a healthcare institution 
(957/2440, 39.2%), government database (726/2440, 29.8%), 
survey (294/2440, 12.1%), expert opinion (165/2440, 6.7%), 
chart review (144/2440, 5.9%), insurance database (56/2440, 
2.3%), the author’s assumptions (52/2440, 2.1%), a supplier 
pricelist (25/2440, 1.0%) or a pharmacy (21/2440, 0.9%).

3.3  Transferability of Costs Within MENA

3.3.1  Description of Multi‑Country Studies

For the eight eligible studies, the number of included coun-
tries (N) and costs (n) are provided below in parentheses. In 
a cost-effectiveness study of pneumococcal conjugate vac-
cines, Pugh et al. [33] reported the list prices of vaccines, 
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and the treatment costs of pneumococcal bacteraemia, men-
ingitis, pneumonia and otitis media from expert estimates 
in 2013 prices (N = 2, n = 16). Mustafa et al. [43] reported 

the economic burden of acute otitis media in children. Out-
of-pocket medication expenses were collected from a sur-
vey of parents (N = 2, n = 2). Shafie et al. [44] studied 

Fig. 1  PRISMA flowchart

Fig. 2  Number of publications 
and costs by country
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the cost-effectiveness of biphasic insulin treatment in type 
2 diabetes (N = 2, n = 16). Disease-costs were modelled 
on a 30-year timeframe using local unit costs of 2013, but 
the source of cost data was not reported. Mason et al. [45] 
compared the cost effectiveness of dietary salt-reduction 
policies to reduce coronary heart disease (N = 3, n = 21). 
Costs of seven conditions including acute myocardial infarc-
tion, unstable angina, chronic angina, chronic heart failure 
and hypertension were estimated via a standardized ques-
tionnaire completed by ministry of health officials in 2010. 

Boutayeb et al. [46] compared the direct costs of diabetes 
mellitus per year per patient in 2008 US$ (N = 16, n = 48). 
Identical assumptions on resource use and country specific 
prices for drugs, laboratory tests and physician visits were 
applied. The rationale for resource use assumptions was not 
reported. Acknowledging the intra-country variability of 
costs, the authors provided a low, medium and high price 
scenario for each country. Missing costs were imputed by 
the mean cost of respective country income groups, but 
details were not provided. Alkire et al. [47] reported the 
cost-effectiveness of caesarean section in obstructed labour 
(N = 6, n = 6). Unit costs per caesarean section were adopted 
from a WHO study covering 49 countries. The WHO study 
applied locally available unit costs on the same resource 
use structure. Unit costs were obtained from published 
and unpublished sources including econometric estimates 
[50]. Isma’eel et al. [48] reported the 2011 US$ costs of 
preventing a cardiovascular event using three statins (N = 
7, n = 21). Costs were calculated using the same dosing and 
number needed to treat parameters across countries multi-
plied by local list prices. Aït-Khaled et al. [49] studied the 
affordability of inhalable corticosteroids for asthma (N = 
2, n = 18). Drug costs and unit costs of physician consulta-
tions, diagnostic tests and hospitalisations were collected 
from local authorities in 1998. According to the transfer-
ability evaluation criteria of Fukuda et al. [25], the level of 
reporting transparency was generally low in the eight studies 
(level B: n = 1, level C: n = 3, level D: n = 4; OSM File 3, 
Table S10).

3.3.2  Estimates of Cost Transfer Coefficients

The relative differences of costs and macroeconomic indi-
cators, which were used to estimate the cost transfer coef-
ficients are summarized in OSM File 5, Fig. S3. The cost 
transfer coefficient estimates and the prediction accuracy 
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statistics for transferred costs are displayed in Table  1. 
The cost transfer coefficient estimates and overall predic-
tion accuracy for the three macroeconomic indicators were 
similar (OSM File 5, Fig. S4; Table 1). While THEpc and 
GHEpc data were not available for every country in every 
costing year, predictions using GDPpc were usually feasible. 
Therefore, based on the feasibility and accuracy of predic-
tions, the robust regression model using GDPpc provided 
the optimal cost transfer coefficient (βGDP = 0.28, 95% con-
fidence interval (95% CI): 0.17–0.40, p < 0.001, Table 1). 
The correlation between predicted and true costs was very 
high (r = 0.96). However, only 68% and 56% of predicted 
costs fell in the true ± 50% and ± 30% range, respectively 
(Fig. 5), which is mainly explained by the skewed distribu-
tion of costs. Large relative errors were observed mainly 
at smaller true costs (OSM File 5, Fig. S5). The non-zero 
cost transfer coefficient suggested that adjustment by GDPpc 
yields more accurate predictions than the unadjusted average 
of costs available from other countries (i.e., applying a cost 
transfer coefficient βGDP = 0). However, we also rejected the 
hypothesis of βGDP = 1 (Wald test  F1,141 = 159.5, p < 0.001) 
suggesting that in the included studies actual costs varied 
less than GDPpc (Table 1). 

3.3.3  Analysis of Transferability Using Relative Errors

The distributions of log transformed RE (logRE) values 
of each estimation model are depicted in OSM File 5 (Fig. 
S6). Some outlier costs differed up to two magnitudes from 
true costs, but the log-transformation resulted in reasonably 
symmetrical distributions. The regression models explained 
51–67% of the variance in logRE. We found significant dif-
ferences between countries, authors and the level of cost 
aggregation in terms of accuracy. When controlled for other 
variables, greatest logRE values (i.e., least transferable cost 

estimates) were found in Qatar and usually high-income 
countries from the Gulf region, except Oman. Costs from the 
study of Boutayeb et al. [46] were most accurately estimated. 
This study involved 16 countries from MENA, so its cost 
estimates could rely on information from the most countries 
among all included papers. We also found that estimates of 
drug costs were more accurate compared to unit costs or 
highly aggregated disease costs. The details of the transfer-
ability analysis are provided in OSM File 5 (Table S12).

4  Discussion

We performed a systematic scoping review of 206 studies 
presenting disease-related costs in 17 countries of MENA 
between 1995 and 2019. The number of published papers 
increased dynamically over the past 10 years, with nearly 
3 years’ mean lag between the costing year and the time of 
publication. Most costs were published from Saudi Arabia 
and Egypt. The applied methods and data sources varied 
greatly. We analysed transferability using 144 direct medical 
costs from eight multi-country studies that applied the same 
costing methodology in multiple countries.

We developed a cost transfer formula to predict missing 
costs. The average of available foreign costs adjusted by the 
relative difference in GDP per capita PPP$ multiplied by a 
cost transfer coefficient of 0.28 provided the most accurate 
estimates. A step-by step guide for using the formula is pro-
vided in OSM File 6. The correlation between true costs 
and predicted costs was 0.961. However, only 68% and 56% 
of the costs could be estimated within the true cost ± 50% 
and ± 50% tolerance ranges, respectively. Predictions were 
more accurate for costs from studies that involved the largest 
number of countries, for countries outside the Gulf region, 
and for drug costs versus unit or disease costs.

Table 1  Estimated cost transfer coefficients and prediction accuracy for transferred costs

CI confidence interval, GDPpc gross domestic product per capita, GHEpc governmental health expenditure per capita, MRE mean relative error, 
THEpc total health expenditure

Model Robust regression Quantile regression Interval regression

Predictor Relative differences in GDPpc THEpc GHEpc GDPpc THEpc GHEpc GDPpc THEpc GHEpc

Cost transfer 
coefficient 
estimates

Cost transfer coefficient (β) 0.281 0.338 0.285 0.218 0.184 0.237 0.192 0.350 0.287
95% CI lower limit (β) 0.168 0.125 0.181 0.066 − 0.007 0.118 0.107 0.237 0.163
95% CI lower limit (β) 0.395 0.551 0.390 0.370 0.375 0.357 0.277 0.464 0.410
t-test p value (β = 0) < 0.001 0.002 < 0.001 0.005 0.059 < 0.001 < 0.001 < 0.001 < 0.001
Wald test p value (β = 1) < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

Comparing 
predicted 
vs. true 
costs

Correlation r 0.961 0.956 0.958 0.960 0.955 0.957 0.959 0.956 0.958
MRE 9.338 9.902 9.070 9.555 10.307 9.358 9.644 9.870 9.062
Predictions in true ± 50% range 0.681 0.656 0.687 0.681 0.672 0.702 0.681 0.649 0.687
Predictions in true ± 30% range 0.556 0.481 0.550 0.556 0.496 0.557 0.535 0.481 0.550

Costs N 144 131 131 144 131 131 144 131 131
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To the best of our knowledge, our study is the first sys-
tematic review of disease-related costs and their transfer-
ability within MENA. Health economic research has been 
systematically reviewed for Saudi Arabia by Al-Aqueel et al. 
[11] up to 2011 (n = 15 studies), for the Gulf cooperation 
by Eljilany et al. [9] up to 2017 (n = 49), for Egypt by Farid 
et al. [10] up to 2017 (n = 15), for the entire MENA region 
by Zrubka et al. [12] up to 2019 (n = 105) and most recently 
by AlAujan [13] for the Gulf region (n = 14) and Sharkawy 
et al. [51] including the entire WHO Eastern Mediterra-
nean Region (n = 624). In general, the methodological and 
reporting quality of studies showed great variation and many 
shortcomings [9–11, 13].

We identified 3,525 costs reported in 84 conditions. Sev-
eral conditions among the main causes of disease burden 
in MENA were covered by multiple studies [29]. However, 
we found no published costs concerning anxiety disorders 
and iron deficiency anaemia [29]. Multiple publications 
on cervical cancer and breast cancer reflected the rapidly 
increasing burden of neoplasms in the region [52]. Also, the 
large number of publications reflected that in several MENA 
countries the prevalence of diabetes [53] and in Egypt the 
prevalence of hepatitis C infection is among the highest in 
the world [54]. The potential transferability of these costs 
deserves further research.

Transferability issues have been widely studied for indi-
rect costs of chronic diseases [55, 56], costs collected in 
various study settings [17, 23], different disease condi-
tions [24, 25, 57] or within geographic regions [58, 59]. 
Numerous adjustment methods [17, 21, 22, 57], factors of 

transferability [16] as well as reporting guidelines [15, 20, 
60] have been proposed for health economic evaluations. 
The analysis of patient-level data suggests that the variance 
of total costs is mainly attributable to individual patients [17, 
21]. Studies in Central-Eastern Europe have demonstrated 
considerable differences in treatment practices involving the 
same condition, despite the rather similar economic profile 
of countries [61, 62]. When imputing missing costs, several 
methods have been proposed from using unadjusted averages 
of adjacent countries [23], using country-pair specific ratios 
based on the comparison of known baskets of healthcare 
goods or services [23, 57] or adjustments by GDP per capita 
[18, 30, 31]. Unit costs of in- and outpatient services have 
been estimated via econometric modelling for the WHO 
CHOICE project using input from 30 countries [63].

We assumed that the secondary usability of published 
costs in the region is low due to the general lack of data on 
patient- or location-specific transferability factors as well 
as the methodological and reporting heterogeneity of cost-
ing studies. Therefore, we aimed to develop a cost transfer 
formula that allows the prediction of missing costs if the 
same cost is reported from at least one country in the region.

The strength of our proposed approach is its simplicity 
and the universal availability of GDP per capita data for the 
adjustment of input costs. Furthermore, our transferability 
analysis was based on a comprehensive set of data reported 
from the region. We note that the cost transfer formula is 
applicable for predicting missing patient-level direct medi-
cal costs, given that input costs are measured with the same 
methodology in the same costing year. We also emphasize 
that the cost transfer formula is based on adjustment by a 
single macroeconomic indicator and should only be used if 
more comprehensive cost transfer methods are not feasible. 
Input costs should be carefully selected to ensure fit into 
the analysis. As a minimum requirement, researchers should 
ensure that the components of transferred costs are listed 
(transparency level C) so the match between the perspec-
tive and relevant components for the decision situation can 
be judged. Input costs, which are reported by components 
(transparency level B) or by separate resource use and unit 
cost elements (transparency level A), allow further adjust-
ments to the decision situation [15, 25]. When selecting the 
appropriate input costs, the researcher needs to be aware 
of specific sources of cost variability such as differences 
between private versus public settings or tender versus list 
prices. Also, appropriate methods should be used to adjust 
time differences and currency exchange rates, which are not 
addressed by the cost transfer formula.

The transferability of costs between countries within 
the region remains an important research area. Despite the 
high correlation between the predicted costs and true costs, 
for nearly half the costs the relative error of prediction was 
greater than 30%, carrying the risk of flawed estimates of the 

r = 0.961
In true ±50% range: 68.1%
In true ±30% range: 55.6%
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cost-effectiveness of treatments. Therefore, the cost trans-
fer formula should be used with prudence. To improve the 
accuracy of predictions, further research is needed on the 
explainable variability and transferability of costs within 
MENA involving specific diseases, sub-regions [64–67] or 
special cost categories such as productivity loss [56]. We 
hypothesize that if costs are reported by more countries 
and the reporting quality improves, more accurate imputa-
tions will be possible. We also hypothesize that cost transfer 
coefficients differ between high- and low- to middle-income 
countries as well as between different cost types and disease 
areas. Also, due to the specifics of health systems, the cost-
transfer coefficient may be specific to geographic regions 
or even country-pairs. Furthermore, as more data become 
available for estimation or as health systems evolve over 
time, cost transfer coefficient estimates may also change.

Although some of these hypotheses can be studied from 
the cost database described in this paper, the methodologi-
cal heterogeneity and varying reporting quality of costing 
studies in MENA may represent challenges for further stud-
ies. The association between reporting transparency and the 
accuracy of cost imputation warrants further research. While 
we promote the efficient secondary utilisation of published 
costs, we also encourage authors to report their primary 
costing research results with transferability in mind, follow-
ing applicable international guidelines [15, 60].

Several limitations of our study should be noted. We lim-
ited our search to academic publications in peer-reviewed 
journals indexed in PubMed. Therefore, papers exclusive to 
other bibliographic databases have been omitted. Further-
more, although conference posters, government databases, 
HTA reports and other sources of the grey literature may be 
important sources of disease-related cost data, they were 
omitted from this review. Also, we limited our search to 
English language articles, so Arabic and French publica-
tions have been omitted [68]. Nevertheless, in a review 
of 27 months’ global health economic publications, Pitt 
et al. [69] did not identify Arabic or French articles from 
MENA. Therefore, we assume that English papers provide 
a good representation of health economic publications 
from the region. Furthermore, the database search was 
closed in December 2019, so further publications may have 
reported costs from the region. Although omitted from this 
study, recently published costs may prove useful in testing 
the external validity of our proposed imputation method. 
Finally, costs reported by Boutayeb et al. [46] and Alkire 
et al. [47] included components that were estimated from 
economic parameters of countries, which may have influ-
enced the cost transfer coefficient estimates. While the exact 
proportion of these estimated components were not reported 
by the authors, according to the descriptions of their meth-
ods, the reported costs were mainly based on primary data.

5  Conclusion

The cost transfer formula estimated for MENA allows the 
imputation of missing direct medical costs if only GDP per 
capita is available to adjust transferred costs for the local 
setting. When using the formula, authors should collect costs 
from as many sources as possible that match the perspective 
and relevant components of the decision situation. Due to 
the limited accuracy of predictions, the cost transfer formula 
should be used with prudence. Further research is needed to 
improve the accuracy of transferred costs. To enable the sec-
ondary utilisation of data, primary costing research results 
should be reported according to applicable international 
guidelines.
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