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Abstract

Objective: The present study aimed to model obesity trends and future obesity-
related disease for nine countries in the Middle East; in addition, to explore how
hypothetical reductions in population obesity levels could ameliorate anticipated
disease burdens.
Design: A regression analysis of cross-sectional data v. BMI showed age- and
sex-specific BMI trends, which fed into a micro simulation with a million Monte
Carlo trials for each country. We also examined two alternative scenarios where
population BMI was reduced by 1 % and 5 %.
Setting: Statistical modelling of obesity trends was carried out in nine Middle East
countries (Bahrain, Egypt, Iran, Jordan, Kuwait, Lebanon, Oman, Saudi Arabia
and Turkey).
Subjects: BMI data along with disease incidence, mortality and survival data from
national and sub-national data sets were used for the modelling process.
Results: High rates of overweight and obesity increased in both men and women
in most countries. The burden of incident type 2 diabetes, CHD and stroke would
be moderated with even small reductions in obesity levels.
Conclusions: Obesity is a growing problem in the Middle East which requires
government action on the primary prevention of obesity. The present results are
important for policy makers to know the effectiveness of obesity interventions on
future disease burden.
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Non-communicable disease

Non-communicable diseases (NCD) are the major cause

of morbidity and mortality in most countries of the Middle

East, representing more than 60 % of total annual

deaths(1,2). Currently 80 % of deaths from NCD are in

developing countries, indicating that NCD are not simply

diseases of developed countries. The first global minis-

terial conference on healthy lifestyles and NCD control in

Moscow, in April 2011, led to the Moscow Declaration

calling for the global health community to address the

seriousness and growing problem of NCD(3). It also

identified actions to address obesity and NCD at the

whole-of-government level by ministries of health in

countries. Further, the UN high level meeting in

September 2011 resulted in the adoption of a political

declaration to address the global burden of NCD(4). Both

of these meetings have greatly increased the profile of

NCD and the importance of governments taking NCD into

account during long-term health planning.

It is well documented that obesity is a key risk factor for

NCD, particularly type 2 diabetes, CVD, osteoarthritis and

some types of cancer. Across the Middle Eastern region

the prevalence of obesity ranks among the highest in the

world. A recent review reported that the prevalence of

overweight and obesity among adults ranged from 50 to

80 %, with higher prevalence among women than men(1).

One study covering fifty-two countries from eight

geographical regions worldwide showed that adult men

and women in the Middle East have the highest mean

BMI after the USA(2). Additionally, the women in this

region have the highest waist-to-hip ratio compared with

all other regions(2) and similar results were reported by

the Chronic Disease Collaborating Group in a study

covering 199 countries(5). Although the Middle Eastern

region is characterized by different socio-economic

levels, the prevalence in high-income countries (such as

Arab Gulf states) and middle-income countries (such

as Iran, Egypt, Jordan and Lebanon) was very similar,

indicating that cultural rather than economic factors

determine obesity in this region(6). Further, costly energy

subsidies of food and fuel are widespread in the region.

In 2011, these were estimated to cost $US 212 billion

(7?2 % of Gross Domestic Product)(7). These subsidies are
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likely to promote the consumption of highly energy-

dense foods as well as the use of mechanized transport(8).

Higher availability and consumption of highly energy-

dense foods (the nutrition transition) in conjunction with

epidemiological transition (rapid population growth with

modernization and advances in medicine improving

fertility and reducing mortality) has led to considerable

changes in dietary habits and lifestyle of the populations

of this region. Shifts to more westernized diets, char-

acterized by high fat, sugar and salt, have been apparent.

Low intakes of fruit, vegetables and complex carbohydrates

have been reported in all countries in the Middle Eastern

region(1). Large-scale urbanization, labour market chan-

ges from manual work to office work and increasingly

sedentary lifestyles have led to marked decreases in

physical activity. These changes, as well as other socio-

economic factors, have contributed to the high prevalence

of obesity and its co-morbidities in the Middle East(1,9,10).

Despite the recognition of obesity as a significant

worldwide problem, in-depth analysis of population

trends in obesity and its consequences are lacking in both

developed and developing countries(1). Therefore, the pre-

sent study aimed to model the effects of obesity in the

population and predict the potential impact of raised BMI

on future disease burden. While forecasts can only be

predictive and not absolute, they are vital if countries are

to adequately prepare for a tide of NCD morbidity and

mortality. Micro simulation modelling was used to

examine the effect of interventions that successfully

reduce population BMI on future disease burden,

extending current knowledge of the obesity epidemic in

the Middle Eastern region.

Methods

Search strategy

A review of studies including data on BMI and obesity for

the adult population in the Middle Eastern region between

1990 and 2010 was carried out using PubMed and Google

Scholar search engines. Annex 1 (Supplementary Materials)

provides specific details of the search strategy. The WHO

BMI global database(11) and hand-searches of article refer-

ence lists were also used in the review. The inclusion criteria

were: (i) availability of data on BMI and obesity by age and

sex and (ii) representative adult population (i.e. not specific

groups). Data on children and adolescents were excluded

because of lack of data and where data exist, the use of

several reference standards for defining overweight and

obesity made the findings hard to compare. Studies based

on self-reported BMI and those with a non-representative

sample of the general population such as data on a specific

group were also excluded. Nevertheless, some sub-national

studies represented urban populations only and were

included because of the lack of sufficient numbers of

national studies in these countries. The common BMI

cut-offs recommended by WHO for defining overweight

(BMI 5 25?0–29?9 kg/m2) and obesity (BMI $ 30?0 kg/m2)

were used. Table 1 provides the references and study

details of each BMI data point included for each country.

With a second literature review we looked for age- and

sex-specific data on the incidence, survival and mortality

from ten obesity-related diseases in the Middle East

(CHD, stroke, type 2 diabetes, and breast, colorectal,

pancreatic, oesophageal, endometrial, liver and kidney

cancer). Keyword searches through PubMed revealed that

the required disease data were not available for most of

the countries under study, so in several cases we used the

best available data from the region and applied it with

some adjustments to the other countries. For fatal dis-

eases, a proxy country’s incidence data were adjusted

using a known, target country’s mortality rate: the ratio of

the target-to-proxy countries’ mortality rates was used to

scale the proxy country’s incidence rates. For non-fatal

diseases, proxy country data were adjusted for the dif-

ferent population BMI distributions. CHD and stroke

incidence data were available only for Iran (personal

communication from M Talaei, Isfahan Cardiovascular

Research Institute, Isfahan University of Medical Science,

May 2011). For all other countries CHD incidence data for

Iran were used but were adjusted by the ratios of country-

specific age-standardized CHD and stroke mortality rates.

Stroke incidence from Iran(12) was similarly adjusted by

stroke mortality rate ratios. The only study of type 2

diabetes incidence found for the region was also from

Iran(13). To use it for the other countries, diabetes inci-

dence was adjusted by the country-specific obesity rates,

as the disease is treated as non-terminal in the analysis.

For cancer, incidence and mortality data for each country

were extracted from GLOBOCAN(14). For each disease,

one set of survival data for the terminal disease was

collected from the best available studies in the region

due to the scarcity of country-specific studies. Annex 2

(Supplementary Materials) provides the references of

each disease for each country.

The obesity-related relative risks for each disease were

obtained from a review conducted by the DYNAMO-HIA

(DYNAmic MOdel for Health Impact Assessment) report

on data collection for overweight and obesity prevalence

and related relative risks(15).

Statistical analysis

A two-step modelling process was developed by Fore-

sight(16) and has been used for analysis of obesity in the

UK and USA(17), Eastern Europe(18) and Latin America(19).

The same method was applied in the present study.

In module 1 the data were fitted with non-linear, multi-

variate, categorical regression models with outliers

removed, revealing the age- and sex-specific obesity

trends. For each country at least two time points of data

were necessary. The results were fed into a micro simu-

lation program (module 2), which produces longitudinal
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Table 1 References of BMI data used for projecting obesity trends

Sample size

Country Data source/citation Data year(s) M F Age group (years) Measured/self-reported National/regional data

Bahrain Musaiger and Al-Mannai(31) 1992 298 216 30–79 Measured National
Al-Mahroos and Al-Roomi(32) 1995–1996 1168 845 M:40–59, F:50–69 Measured National
National Nutrition Survey 2002/Ministry of Health(33) 1998–1999 1120 1181 19–100 Measured National
STEPS/Ministry of Health(34) 2007 854 858 20–64 Measured National

Egypt STEPS/Ellabanny and Abdel-Nasser(35) 2005 4993 4787 15–65 Measured National
DHS/El-Zanaty and Way(36) 2008 5573 5685 15–59 Measured National

Iran Sarraf-Zadegan et al.(37) 1994 1000 1200 19–70 Measured Sub-national (urban)
Tehran Lipid and Glucose Study/Hosseinpanah et al.(38) 1999–2001 1835 2567 20–100 Measured Sub-national (urban)
Hajian-Tilaki and Heidari(39) 2004 1800 1800 20–70 Measured Sub-national (urban)
STEPS/Ministry of Health & Medical Education(40) 2005 45082 44322 15–64 Measured National
Rashidy-Pour et al.(41) 2005–06 1695 2104 30–70 Measured Sub-national (urban/rural)
STEPS/Ministry of Health & Medical Education(42) 2007 14830 14517 15–64 Measured National
STEPS/Ministry of Health & Medical Education(43) 2008 14678 14254 15–64 Measured National
STEPS/Ministry of Health & Medical Education(44) 2009 15–64 Measured National

Jordan Ajlouni et al.(45) 1994–1996 1046 1790 Measured Sub-national (semi-urban)
Khader et al.(46) 2004 394 727 Measured Sub-national

Kuwait Al-Isa(47) 1980–1981 896 1171 18–100 Measured Sub-national (urban)
Al-Isa(47) 1993–1994 1730 1705 18–100 Measured Sub-national (urban)
Kuwait Nutrition Surveillance System 2004/Ministry of Health(48) 2004 1226 1778 20–100 Both National
STEPS/Al-Nesf et al.(49) 2006 905 1277 20–64 Measured National

Lebanon Sibai et al.(50) 1997 501 715 20–100 Measured National
STEPS/Sibai and Hwalla(51) 2008–2009 883 1070 25–64 Measured National

Oman National Diabetes Survey/Al-Lawati and Jousilahti(52) 1991 2128 2958 20–100 Measured National
National Health Survey/Al-Lawati and Jousilahti(52) 2000 3069 3331 20–100 Measured National
STEPS/Al Farsi et al.(53) 2006 599 774 20–100 Measured Sub-national (urban/rural)

Saudi Arabia Al-Nozha et al.(54) 1987–1992 2625 3585 18–100 Measured National
Ministry of Health Saudi Arabia(55) 1990–1993 5407 5244 20–100 Measured National
CADISS National Epidemiological Health Survey/Al-Nozha et al.(54) 1995–2000 8215 9008 30–70 Measured National
STEPS/Al-Hamdan et al.(56) 2004–2005 2244 2345 15–64 Measured National

Turkey Erem et al.(57) 1998/99 1324 1322 20–100 Measured Sub-national (urban)
Turkish Obesity and Hypertension Study/Hatemi et al.(58) 1999–2000 15144 4975 21–100 Measured Sub-national (urban)
Yumuk et al.(59) 2001 5866 7000 20–100 Measured Sub-national (urban/rural)
Erem et al.(60) 2001–2002 2288 2728 20–69 Measured Subnational (urban)
Oğuz et al.(61) 2004–2005 2110 2154 20–100 Measured National
Iseri and Arslan(62) 2007 2263 1942 20–85 Measured National

M, males; F, females; STEPS, STEPwise approach to Surveillance; DHS, Demographic and Health Survey; CADISS, Coronary Artery Disease in Saudis Study.
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projections of the associated burden of disease. The

Monte Carlo method was used to create a cohort of

individuals (here set to one million for each country),

which has the demographic characteristics determined by

population data from UN and WHO statistics for each

country. For each individual in the cohort, a BMI value

gets probabilistically assigned as a function of age, sex

and calendar year. The individuals of the cohort proceed

through the simulation with BMI, age and sex determin-

ing their risk of getting any of the ten diseases. Relative

risks of disease due to obesity are included in the model.

A comprehensive description of the micro simulation

method can be found in Annex 3 (Supplementary

Materials). The micro simulation was repeated for each

country with two alternative scenarios of obesity trends. In

comparison with the baseline assumption of unchecked

obesity trends, we examined the effect of 1% and 5%

reductions in population BMI across the region.

Results

From the databases and articles searched, thirty-five data

points for BMI were suitable for inclusion. Nine countries

had two or more years of appropriate data (Bahrain,

Egypt, Iran, Jordan, Kuwait, Lebanon, Oman, Saudi

Arabia and Turkey). Egypt, Jordan and Lebanon only

had two years of data, and for Jordan they were both

from urban samples. A combination of sub-national and

national data was used for trends in Iran, Kuwait, Oman

and Turkey. Israel, Morocco, Tunisia and the United Arab

Emirates were not included as not enough suitable data

were available at the time of analyses. According to these

studies the highest levels of obesity to begin with were in

Kuwait. Obesity was least pronounced in Iran, with a

decrease over time observed in men. Annex 4 (Supple-

mentary Materials) presents the current prevalence of

obesity and projected trends in each country based on

past and present data.

Figures 1 and 2 show the trends for combined over-

weight and obesity (BMI $ 25?0 kg/m2) prevalence

(termed ‘overweight’) for men and women of all ages in

each country. Kuwaiti men and women come out on top;

overweight and obesity reaches exceedingly high levels

in both men and women by 2030. Saudi Arabian men and

women also have consistently high levels of overweight,

but the expected increase in overweight appears parti-

cularly steep for men in Oman. Bahrain and Jordan all

have high levels of overweight, with moderate increases

over time. The data for Egypt, on the other hand, suggest

decreasing overweight for both men and women.

Decreases are also shown for men in Iran, which in

general seems to have one of the lowest levels of over-

weight for men and women of the nine countries.

Nevertheless, for Iranian women the proportion with

BMI $ 25?0 kg/m2 is still more than half of the female

population and set to stay that way. A slight decrease in

overweight was also observed for Turkish women.

Figure 3 shows the extent of disease cases avoided if

population-level BMI was to decrease by even a small

percentage. In scenario 1, a 1 % reduction in obesity leads

to a considerable amount of disease cases avoided in all

countries. For example, in Bahrain, Kuwait, Lebanon,

Oman and Saudi Arabia, by 2030 over a thousand cases

of diabetes are avoided per 100 000 of the population.

A substantial number of CHD and stroke cases are also
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Fig. 1 Longitudinal projections of overweight prevalence (BMI $ 25?0 kg/m2) in men in the Middle East using multivariate non-linear
regression
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prevented in this scenario, particularly in Lebanon, Oman

and Iran. Cancer rates do not reach levels where a 1 %

obesity reduction would have a noticeable effect. Incidence,

mortality and survival data for each country are referenced

in Annex 5 (Supplementary Materials).

If a 5 % reduction in population BMI is achieved as per

scenario 2, the number of CHD, strokes and diabetes

cases prevented becomes even higher. The number of

CHD and stroke cases avoided ranges from 1400 to 2500

(per 100 000 population in 2010) for these Middle Eastern

countries, with the highest numbers in Lebanon. How-

ever, the numbers of cancer cases avoided are still modest

for all countries.

Based on the total population in Kuwait in 2010(20),

1032, 39 905 and 63 217 incidence cases of cancer, CHD

and stroke, and type 2 diabetes, respectively, will be

avoided given a 5 % decrease in obesity. Based on the

total population in Saudi Arabia in 2010(20), over 115 000

cases of CHD and stroke and over 200 000 cases of type 2

diabetes will be avoided with a 1 % decrease in obesity
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Fig. 2 Longitudinal projections of overweight prevalence (BMI $ 25?0 kg/m2) in women in the Middle East using multivariate non-
linear regression
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by 2030, whereas with a successful intervention to reduce

obesity by 5 %, 350 000 cases of CHD and stroke and

550 000 cases of type 2 diabetes could be avoided by

2030. A reduction in obesity will have less effect upon

avoided cancer incidence in the total population.

Discussion

The latest national data from the Middle East reveal

worryingly high obesity rates in many countries and the

projections from the present analysis demonstrate how

the obesity epidemic is not abating. In particular, our

results for Kuwait, Oman, Saudi Arabia, Lebanon, Turkey,

Bahrain and Jordan show that the problem of obesity is

growing. Given that obesity is a risk factor for many NCD,

this has major implications for the public health systems

of these countries. The present study builds on past

research by Finucane et al.(5) by estimating future trends

and testing the impact of effective interventions.

Life expectancy is expected to increase remarkably

during the coming four decades in the Middle Eastern

region. The regional average percentage of life expectancy

increase will be 15% from 2000–2005 to 2045–2050,

ranging from 5?8% to 25?7%(21). Most if not all Middle

Eastern countries will experience an increase in ageing

populations, but the extent of the demographic transition

varies. According to UN Population Reference Bureau data

available online (http://www.un.org/esa/population/),

Turkey and Lebanon have the highest proportions of

people over the age of 65 years in the region, reaching

7%, and fertility is below replacement level in Iran (1?74)

and Lebanon (1?85). Age-specific trends indicate rapid

increases in obesity in middle-aged or older adults and

a sharp increase in ageing and NCD. Young adults in

most countries do not show very steep obesity trends

(Annex 6, Supplementary Materials). The ageing popula-

tion combined with the BMI trends in older adults therefore

represent a growing public health concern (Annex 6,

Supplementary Materials presents the population distribu-

tion of each country).

It is unclear why Egypt and Iran show decreasing

trends in overweight and obesity. It is possible that the

mix of early sub-national and later national data in Iran

biased the trends observed. Detailed BMI trends can be

difficult to ascertain when the quality of the data is poor.

Particularly the data for older adults were based on very

limited samples or were non-existent. Moreover, analysis

with just two data points gives only indicative results.

Some studies did not have samples representative of the

national population. Regional studies often have urban

samples, which usually have higher relative BMI rates

than would be found in a rural population. In countries

such as Iran, with a large and diverse society, regional

studies do not tell the whole picture and may also

somewhat distort trends.

Furthermore, for a more complete picture of popula-

tion health, the simulation would also need to incorporate

the trends for children. Obesity is highly prevalent among

children and adolescents in this region (excluding low-

income countries), where the prevalence of overweight

and obesity ranges from 20 to 45 %(1). Including the

young population in projections of future NCD rates

would likely further increase the estimated size of the

epidemic levels of morbidity and mortality. However, it

was not possible to analyse the trends in children and

adolescents due to lack of applicable data.

The increase of obesity during the past two decades in

the Middle East has paralleled rises in diabetes, CVD and

cancer. For example, the prevalence of diabetes in Jordan

increased by 31?5 % during 1994–2006(22). It was reported

that five countries in the region were among the ten

countries with the world’s highest diabetes rates, namely

Bahrain, Kuwait, Oman, Saudi Arabia and the United

Arab Emirates. The Middle East has been projected to

experience one of the highest relative increases in the

burden of diabetes in the world by 2030(23). A systematic

review on stroke in Arab countries showed that the

annual stroke increase ranged from 27?5 to 63 per 100 000

population. Ischaemic stroke was the most common

subtype of all series. Hypertension, diabetes, hyperlipi-

daemia and cardiac diseases were the main risk fac-

tors(24). In Iran, it was found that the annual stroke

incidence in various age groups ranged from 23 to 103

per 100 000 population(25). Several types of cancer are

linked with obesity such as breast and colon cancers.

These cancers are highly prevalent in most countries of

the Middle East and cancer ranks as the fourth leading

cause of death. The WHO reported that the highest

increase in cancer incidence among WHO regions in the

next 15 years is likely to be in the Middle East(25).

The rapid change in food habits and lifestyle plays an

important role in the high prevalence of obesity in the

Middle East. During 1971–2005, FAO reported that there

was an increase in per capita energy intake in all coun-

tries in the region. In this period, the percentage of

energy which came from animal foods increased mark-

edly(26). The high intakes of fast foods and sugar-

sweetened beverages have continued to rise as has the

frequency of eating outside the home across the region,

especially in high-income countries such as Arab Gulf

states. A sedentary lifestyle and lack of physical activity

were reported in most countries in the Middle East(27). In

Saudi Arabia, for example, the prevalence of inactivity

among adults reached 96 %(28). However, the aetiology

may be complicated by interaction between socio-cultural

factors and lifestyle factors. Women, for example, might

be experiencing conflicts of body image. Women have

also been suggested to face greater barriers to practising

physical activity than men, who in general have more

freedom and places to exercise and participate in other

recreational activities than women(2). The comparatively
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higher rates seen in the Middle Eastern countries com-

pared with Asia may be partly related to cultural factors

that limit women’s mobility. Other explanations include

the existence of subsidies for energy-dense foods. The

subsidization of wheat flour, rice, oils and sugar in many

countries in the region may increase their intake, leading

to higher consumption of energy. For example, in Egypt

subsidized foods account for over 30 % of the overall per

capita energy availability(26).

Reducing obesity is an important strategy for lessening

the future burden of disease. The simulation method is

ideal for testing the effect of any scenario. It is possible to

examine the consequence of any intervention with a

known effect on BMI in a specific subset of the popula-

tion. We modelled two scenarios of moderate reductions

in obesity across the whole population. Considerable

numbers of diabetes and of CHD and stroke cases were

prevented in both scenarios for all countries. Of course

the further the obesity problem has reached, the more

critical the interventions become. Unchecked obesity

trends are our best guess of how the epidemic will pro-

ceed without intervention. Undeniably, critical circum-

stances may change, for example food availability and

prices. Even the political unrest of the Arab Spring may

prove to have far-reaching consequences on lifestyles and

health. Despite this, forecasts are necessary in planning

the allocation of future resources for health.

The greatest limitation to our analysis is the paucity of

the BMI and disease data available from each country,

highlighting the need for improving systems of health

surveillance. We were unable to include some countries

such as the United Arab Emirates and Morocco since there

were no suitable data available in the format necessary for

the model. In addition, disease data were absent from

many countries so we often had to make assumptions and

often extrapolate from other countries in the region. Less

robust conclusions can be drawn regarding the direction

and speed of change in obesity where only a few (three

or less) years of data were available; however, the exer-

cise is still important since it emphasizes the necessity of

population surveillance in health. Furthermore, the

model now exists and can easily be updated when new

data are made available. Good-quality national data on

diseases can inform policy as well as facilitate inter-

national comparisons.

Further analyses might incorporate data on the social

determinants of health including education level and

asset-based wealth to take into account the dynamic

relationship between socio-economic status (SES) and

excess weight. There is strong evidence that as economic

transition occurs, the burden of obesity shifts down the

socio-economic gradient(6). This pattern is observed

earlier among women compared with men, particularly

along the education gradient, such that women with low

education experience a rapidly increasing obesity risk.

The SES–excess weight associations will modify risk

estimates for obesity-related diseases by age and gender

depending on how wealth and education are distributed

in these groups. Recent analyses of Egyptian national data

show different SES–obesity associations by SES indi-

cator(29). An accurate understanding of how the social

distribution of excess weight changes over time will aid in

interpreting the results of further micro simulations and is

essential in devising any intervention strategies in order

to address the appropriate risk factors and target the

vulnerable groups.

The UN high-level summit in September 2011 enabled

the opportunity for global action against NCD. The Lancet

NCD action group proposed five priority actions for

the response to the NCD crisis: leadership, prevention,

treatment, international cooperation, and monitoring and

accountability. These actions, the NCD action group pro-

posed, should be made on five priority interventions which

include tobacco control, improved diets and physical

activity, alcohol intake, essential drugs and technologies,

and salt reduction(30).

Conclusion

The obesity epidemic has the Middle East in its grip,

bringing along a tide of chronic disease that will severely

affect population well-being and test national health

systems. People and resources need to be mobilized to

manage the burdens of disease that may be expected with

the current obesity trends. Exploring different BMI sce-

narios with the micro simulation method shows how even

modest reductions in obesity prevent illness and lessen

the health-care burden.
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