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Objective: Estimating the burden of obesity to society is an essential step in setting priorities and raising awareness. We aimed to assess the clinical, humanistic and economic burden of obesity for adults in Egypt.

Methods: We used the population attributable fraction concept to estimate the burden. A non-systematic review was conducted to estimate the prevalence of obesity and its comorbidities in addition to the obesity attributable fraction. Patient numbers, direct healthcare costs, disability adjusted life years (DALYs) and attributable mortality were estimated.

Results: Obesity is a major contributor to the development of diabetes mellitus, hypertension, obstructive sleep apnea and fatty liver, in addition to several serious diseases. The estimated annual deaths due to obesity was about 115 thousand (19.08% of the total estimated deaths in 2020). DALYs attributable to obesity may have reached 4 million in 2020.The economic burden imposed by obesity is around 62 Billion Egyptian pounds annually. This value is the cost of treating diseases attributable to obesity in adults.

Conclusions: Diseases attributable to obesity create a huge economic, humanistic, and clinical burden in Egypt. Reducing obesity could help dramatically decrease the catastrophic health effect of these diseases which in turn decreases mortality and DALYs lost.
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INTRODUCTION

Annually, about 4.7 million premature deaths occur due to obesity. It was ranked fifth among the leading preventable causes of death (1), making up 8.4% of deaths worldwide in 2017 (2).

According to the World Health Organization (WHO), Egypt ranks 18th with the highest prevalence of obesity worldwide (3). Deaths attributable to non-communicable diseases represent about 71% of the total mortality burden (4).

Very few studies have been published about the burden of diseases in Egypt in general, and the burden of obesity is even more complex as the impact of obesity is a result of its comorbidities (5) rather than a direct effect, which makes it more difficult to estimate the burden of obesity. There is not any published study which has specifically attempted to evaluate the economic burden of obesity in Egypt.

Estimating the societal burden of obesity is an essential step in setting priorities for research and public health interventions. It also helps to raise public awareness about the negative impacts of obesity and provides health policy decision-makers with information about the magnitude of health problems (6). Some studies do not consider obesity as a disease, as it may not have substantial direct costs or related pain (7), although it is included in the International Classification of Diseases and Related Health Problems (8). The clear fact is that obesity is a risk factor for several costly and disabling diseases (7).

Our objective was to estimate the burden of obesity in Egypt. This study evaluates the clinical, humanistic, and economic burden of obesity in adults in Egypt.



MATERIALS AND METHODS

We utilized both primary (expert interviews) and secondary (publications and payers' services list) data sources to estimate the annual cost per patient per year for each comorbidity. For the considered diseases, we calculated the number of patients attributable to obesity using the population attributable fraction concept. We also estimated the annual economic burden, mortalities, and disability adjusted life years (DALYs). To estimate the prevalence of obesity among the adult population in Egypt, we used the results of 100 million health survey conducted in 2019 (unpublished data from personal communication). Obesity was defined as having a body mass index (BMI) ≥ 30 throughout this study based on WHO definition (9).


Diseases Attributable to Obesity

To identify the diseases attributable to obesity, a non-systematic review was conducted through PubMed, Google and Google Scholar search engines. The search was conducted on 16th of April 2020 with no time restriction. The search key can be found in Supplementary Table 1. We included studies that list the comorbidities associated with obesity. Finally, a primary list was based on five studies. This was followed by expert interviews to validate the included diseases. Finally, 13 diseases were included in the analysis: type 2 diabetes mellitus, hypertension, ischemic heart disease, hyperlipidemia, stroke, sleep apnea, osteoarthritis, gall bladder disease, colon and colorectal cancer, breast cancer, endometrial cancer, depression and fatty liver.



Estimating Population Attributable Fraction

The population attributable fraction of obesity for a disease (i.e., the percent of patients having this disease due to obesity) depends on the relative risk of disease, and the prevalence of obesity. The following formula was used for the calculation:
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where PAF stands for population attributable fraction, P for the prevalence of obesity, and RR for relative risk.

The proportion of population diseased attributable to obesity was calculated by multiplying the obesity attributable fraction (OAF) with the prevalence of the disease in the adult population for each sex.

(e.g., 61.8% of diabetic male patients are diabetic due to obesity (OAF), 13.86% of males have diabetes (prevalence), the calculation would be 61.8%*13.86% = 8.56% of the total population have diabetes due to obesity).

To calculate the number of patients who have the disease due to obesity, the proportion of population diseased attributable to obesity (PAF) was multiplied by the number of adult populations by sex. (e.g., 8.56% *30 million = 2.75 million patients).



Prevalence

Egypt National STEPwise Survey 2017 was utilized to obtain the prevalence of diabetes, hypertension and hyperlipidemia (10), which provided an estimate for the prevalence of total cholesterol ≥ 5.0 mmol/L, that was used as a proxy for hyperlipidemia. As the survey was based on measurements and not on interview, the total prevalence of these comorbidities could be estimated not only the diagnosed cases. For diabetes mellitus, the value was further adjusted to the proportion of type 2 only (11).

The global burden of disease (GBD) study prevalence estimates were used for most of the remaining diseases (11). These values were estimated for Egypt in 2017 and published by the Institute for Health Metrics and Evaluation (IHME) (12). Sleep apnea prevalence was estimated through a study by Franklin et al. in 2014 (13). Prevalence of fatty liver in Egypt was not found in the literature. We used a rough estimate of worldwide prevalence reported by Binobaid et al. in 2018 being 20–30% (14). We assumed Egypt would be in the midline and used the 25% value as an estimate for fatty liver prevalence in Egypt. Prevalence estimates and their sources are presented in Table 1.


Table 1. Prevalence of obesity and its comorbidities in Egypt.
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Relative Risks

Relative risks of diseases for obesity vs. no obesity were found in the literature. Most values were based on a meta-analysis conducted in 2009 by Guh et al. (16) Relative risk for obstructive sleep apnea was estimated to be seven-fold. (17) For fatty liver, ischemic heart disease and hyperlipidemia, values were abstracted from Li et al., (18) Jee et al. (19), and Fu et al. (20), respectively. Table 2 shows the relative risks of obesity associated diseases.


Table 2. Relative risks of diseases in people with obesity.
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Humanistic Burden

To estimate the number of deaths attributable to obesity, the obesity attributable fraction of each disease was multiplied by the number of deaths due to the disease in the total population. The estimated number of deaths due to each disease is published in the IHME database (12). We calculated the population attributable fraction of mortality only for major causes of death.

The global burden of disease study had estimates of DALY values in Egypt for several diseases (11). These values were multiplied by obesity attributable fraction to estimate the value of DALYs attributable to obesity.

Hyperlipidemia DALYs attributable to high cholesterol in the Eastern Mediterranean region was shown in a figure in the global health risks study (21). For obstructive sleep apnea (OSA), DALYs were based on a study that estimated DALYs lost due to sleep disorders among which obstructive sleep apnea is a main cause (22). When it came to fatty liver, cirrhosis was used as the main cause for DALY loss (23). Twenty percent of those affected by non-alcoholic fatty liver disease (NAFLD) eventually develop non-alcoholic steatohepatitis (NASH) (24). Of those, 20% develop cirrhosis (25). DALYs per cirrhotic patient in the Eastern Mediterranean region was used as a proxy for Egypt.



Economic Burden

We focused on direct healthcare costs attributable to obesity. Direct non-healthcare costs, and indirect costs were not included in our analysis. We estimated the cost per patient for each disease, and then by sex we multiplied this value with the number of patients suffering from the disease and cared for and with the PAF. Then, we summed up the two values (males and females). We adjusted for the inflation when needed.

The costs of eight comorbidities (stroke, ischemic heart disease, depression, obstructive sleep apnea, osteoarthritis, endometrial cancer, gall bladder disease and fatty liver) were not available in the literature, so those costs were estimated through interviews with experts in each field.

For each comorbidity, the questionnaires for expert interviews were prepared based on cost components from published data. The questionnaires can be found in Supplementary Tables 2–9. The cost components were aggregated from the Health Insurance Organization (HIO) services price list, and the medication prices were aggregated from the public medication prices in the Egyptian market. Public prices were used to estimate medication costs because about 60% of the health spending in Egypt are out of pocket payments (26).

To avoid adding the costs for patients who are not treated, the cost values were multiplied by the percentage of treated population for each disease.



Adjusting Values

Most values abstracted from the literature were from 2017 (last reported), so they were adjusted to 2020, based on the adult population growth factor. 2017 population data was found at CAPMAS (27), while 2020 population was an estimate through CIA world factbook (28). An exchange rate of 15.85 was used to exchange USD to EGP throughout the study.




RESULTS


Clinical Burden


Prevalence of Obesity

According to “100 million health” survey, which was conducted in Egypt in 2019 and screened 49.7 million adult Egyptians (≥18 years old), 39.8% of adult Egyptians suffered from obesity (BMI ≥ 30 kg/m2). Obesity was more prevalent in adult females than adult males (49.5% of Egyptian adult females suffered obesity compared to 29.5% for males).



Patients With Diseases Attributable to Obesity

Diabetes mellitus type 2 had the highest prevalence attributable to obesity in adult Egyptians. Eighty five percent of females and 62% of males with diabetes mellitus type 2 can be attributed to obesity, translating to 4,759,839 and 3,004,347 females and males, respectively. About 13 million adults suffered from sleep apnea and about 8.5 million suffered from fatty liver due to obesity. Hypertension caused by obesity affected about 6 million adults. The estimated numbers of adult males and females who developed certain comorbidities due to obesity in 2020 in Egypt are shown in Table 3.


Table 3. Estimated numbers of adult males and females who suffered from a comorbidity due to obesity in 2020 in Egypt.
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Mortality Attributable to Obesity

In 2020, the estimated total number of deaths due to obesity was around 113 thousand which represents about 19% of the total estimated number of deaths in 2020 (29). Ischemic heart disease had the greatest share among obesity comorbidities causing mortalities, as it is a severe and common disease. The breakdown of mortality data is shown in Table 4.


Table 4. Mortality attributable to obesity.
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Humanistic Burden


Disability Adjusted Life Years

Ischemic heart disease was responsible for most DALYs attributable to obesity. This exceeded 2 million DALYs, as ischemic heart disease is a major contributor to premature mortality. Diabetes mellitus type 2 came next at about 660 thousand DALYs, as it is quite prevalent and affects quality of life considerably. Obstructive sleep apnea followed, with around 290 thousand DALYs, then stroke (240 thousand DALYs) and hyperlipidemia (230 thousand DALYs). Other comorbidities had less contribution to DALYs. The total DALYs attributable to obesity in 2020 was estimated to be about 4 million. The breakdown of DALYs data is shown in Table 5.


Table 5. DALYs attributable to obesity.
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Economic Burden


Diabetes Mellitus Type 2

According to a study conducted in 2017 (30, 31), the estimated healthcare cost of diabetes mellitus in Egypt was 22.3 Bn EGP in 2015. This value was divided by the number of diabetes patients in 2015 to estimate the cost per patient. This cost was adjusted to the inflation rate based on the consumer price index (32, 33) to year 2019—which was the most recent—to be 4,445 EGP. Finally, the cost per patient was multiplied by the estimated number of patients who had diabetes due to obesity in 2020 to reach about 34.5 Bn EGP.



Hypertension

In 2013, a study assumed that medications represent around 80% of the cost of hypertension in Egypt (34). The total cost of hypertension drugs in Egypt was abstracted from the monthly drug consumption report by IQVIA from IMS drug consumption report (unpublished data), showing that around 5.5 Bn EGP are spent on hypertension drugs annually in 2019. These values were used to calculate the annual burden of hypertension attributable to obesity in Egypt. The value was not adjusted to the number of diagnosed patients, since all patients taking medications are already diagnosed. From this the estimated cost of hypertension due to obesity was 2.1 Bn EGP.



Hyperlipidemia

The cost of hyperlipidemia treatment in Egypt was estimated to be around 9,109 EGP per patient annually (35). To estimate the total annual cost in Egypt, the proportion of treated patients was required, since some patients have the disease but are not treated or even diagnosed. The percentage of uncontrolled patients was estimated through a US based study (65.2%) (36). This was used to estimate the total number treated in Egypt.



Colon and Colorectal Cancer

The estimated average cost of treating colorectal cancer per patient annually was 610 USD in Egypt (37). This was used to estimate the cost for patients attributable to obesity. The percentage of diagnosed cases was calculated based on an epidemiological study in Egypt to be around 15% (38).



Breast Cancer

The average total cost of treating breast cancer in Egypt was estimated at 46,910 USD per patient (39). However, the annual cost was not indicated in the report, so the total cost was divided by the average number of years lived by breast cancer patients (6.06 years). This value was calculated from the data available through Globocan 2018 (40), resulting in an annual cost of 7,741 USD per patient.

To find the percentage of diagnosed cases, the number of diagnosed cases (38) was divided by the prevalence.

Table 6 shows the annual direct healthcare cost of obesity comorbidities. Diabetes mellitus and hyperlipidemia are responsible for the largest financial burden among the comorbidities, representing about 60% of the total direct health care cost. Osteoarthritis is a major contributor also to the total economic burden of obesity. The total annual cost of treatment of diseases attributable to obesity was estimated to be 62,413 million EGP.


Table 6. Annual direct healthcare cost due to obesity.
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DISCUSSION

Obesity is a leading cause of preventable death globally; (1) and Egypt is one of the leading countries in the prevalence of obesity worldwide (3). The burden of obesity might be overseen because obesity acts as a proxy to many comorbidities which in turn causes morbidity and mortality. We found no studies focused on evaluating the burden of obesity in Egypt. Our study focused on estimating the economic, and humanistic burden of obesity in Egypt. Estimating the magnitude of the issue is especially important to grab both the public attention, and decision makers to both facilitate individual actions and implement public health policies to alleviate the burden of obesity in Egypt.

The prevalence of obesity has increased in adults in Egypt to reach about 40% according to 100million health survey (2019) compared to the 36% estimate of 2017 STEPwise survey (10). Obesity is more prevalent in Egyptian females compared to males (about 50% compared to 30% respectively). This could be probably attributed to the cultural factors, as females in Egypt are less likely to be involved in physical activities compared to males (10, 41).

The results revealed that nearly three quarters of adult diabetes mellitus type 2 cases in Egypt are attributable to obesity. Obesity is also the underlying disease for more than half of obstructive sleep apnea, ischemic heart disease, endometrial cancer and fatty liver cases in Egypt.

The comorbidities of obesity carry a substantial mortality risk causing around 19% of annual mortalities in Egypt. Although female prevalence is higher, 59% of obesity attributable deaths are males. The main reason for that is ischemic heart disease, which caused around 84% of deaths attributable to obesity, and is dominant in males, with a male to female ratio of 1.65.

Ischemic heart disease also contributes to the major portion of DALYs lost because of the early mortality, followed by diabetes mellitus which makes about 16% of total DALYs. Although obstructive sleep apnea does not contribute to death, it makes up about 7% of total DALYs.

Concerning the economic burden of obesity, chronic diseases have the lion's share, with diabetes mellitus type 2 accounting for more than half of the annual cost followed by hyperlipidemia, and osteoarthritis at around 30% combined. Although cancer treatment is comparatively more expensive, cancers did not make up a large chunk in either costs, DALYs, or deaths because of their lower prevalence compared to chronic diseases.

Our study shows that there has been an increase in the burden of obesity in recent years, where the burden of obesity in the Eastern Mediterranean region study in 2015 (15) estimated lower values for high BMI attributable deaths and DALYs than the our study. In 2015, the study estimated 90,774 attributable deaths in Egypt, while our results showed an increase to reach 112,807 attributable deaths in 2020, translating to an increase from 16 (42) to 19% of the total annual deaths. For DALYs, an increase was also observed reaching about 1 million more DALYs lost. After adjusting to population growth, obesity attributable DALYs increased from 3.29 to 3.92% in the total population. Our methodology is a bit different than the above-mentioned study, but the results are consistent and show that obesity causes tremendous losses concerning mortality and quality of lives.

Our findings have some policy implications, as they show that effective prevention of obesity in Egypt would result in a huge health benefit. There are several policies and recommendations that could be applied to decrease the prevalence of obesity. The following examples from a recent systematic review could be implemented in Egypt: incentivizing healthy food, portion size restrictions, taxation and dedicated tax revenue for obesity prevention, promoting physical activity, certain food and beverage restriction combined with nutrition education at schools (43). The WHO regional office has published proposed policy priorities for preventing obesity and diabetes in the Eastern Mediterranean Region in 2017 (44). The policy recommendations included in this report could help in decreasing obesity and its burden if implemented. Learnings and recommendations about health policies and interventions from other countries aiming for obesity reduction can be beneficial; however, first, the feasibility of selected policies or health interventions needs to be evaluated nationally from both a regulatory and cultural perspective.

Our study has certain limitations. Due to the lack of complete and reliable local data, it was based on a mixture of primary and secondary data. As many less important comorbidities were not included in the analysis, our disease burden estimates are conservative from this perspective. Since some comorbidities mainly lead to death via other diseases and complications (e.g., hypertension, hyperlipidemia, sleep apnea, depression, osteoarthritis, and fatty liver), the number of deaths directly coded as death due to these diseases underestimate their true role in the mortality statistics. This way we somewhat underestimated the true population fraction of mortality, but only to a small extent, as the major consequences of these conditions were included as comorbidities in the calculations. On the other hand, we could not avoid double counting some cost items, as the cost of diabetes included the cost of the management of its complications, too. Unfortunately, the cost of complications of diabetes was not available by complication, thus we could not correct for this. However, as only a fraction of strokes and ischemic heart diseases is due to diabetes and the proportion of the cost of these diseases is only small in the total direct healthcare cost of obesity, the size of the error is minor. Also, direct non-healthcare costs due to obesity, as well as indirect costs were not considered in this study, this way counterbalancing the double counting of some other cost items. A limited number of expert interviews were conducted to estimate the annual cost of comorbidities, which limits the generalizability of the cost data. Further questionnaires and research should be conducted to have better estimates of comorbidities' annual cost.

Some methodological issues contribute to limitations, too. The adult population definition was different among different sources; 100 million health survey included adults aged not <18, while STEPwise survey included adults aged 15–69 and sleep apnea was estimated for a population aged 30–60 years old. Also, hyperlipidemia DALY values were found for a population above 30 only and were estimated for hypercholesterolemia not hyperlipidemia which were assumed equal. For the relative risks of obstructive sleep apnea and fatty liver, there was no differentiation by sex. For fatty liver disease, the references did not mention the breakdown of prevalence by males and females. In these cases, it was assumed that the values are equal for both sexes. The DALY calculation of fatty liver disease was based on the burden caused by liver cirrhosis. Some estimates were not found specifically for Egypt, then values from other countries were used. For hyperlipidemia, the exact percentage of untreated patients was not available, so a proxy was used, based on the percentage of uncontrolled population. Nevertheless, these minor technical issues could not substantially bias the results. Furthermore, we believe, that utilization of these data for research facilitates the improvement of the quality of data.

In conclusion, obesity is a major contributor to ill-health and health expenditure in Egypt. It is a risk factor of several diseases, of which some are very severe, like heart diseases and stroke, and other are milder but highly prevalent among people with obesity. Consequently, obesity causes huge clinical, humanistic, and economic burden to Egyptians as individuals and as a society. More studies are required to evaluate different interventions and policies that can reduce obesity in Egypt and alleviate the impact of obesity on health.
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