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ABSTRACT
Objective/design: We conducted a comparative risk
assessment analysis to estimate the cardiometabolic
disease (CMD) mortality attributable to 11 dietary and
4 metabolic risk factors in 20 countries of the Middle
East by age, sex and time. The national exposure
distributions were obtained from a systematic search of
multiple databases. Missing exposure data were
estimated using a multilevel Bayesian hierarchical
model. The aetiological effect of each risk factor on
disease-specific mortality was obtained from clinical
trials and observational studies. The number of
disease-specific deaths was obtained from the 2010
Global Burden of Disease mortality database. Mortality
due to each risk factor was determined using the
population attributable fraction and total number of
disease-specific deaths.
Setting/population: Adult population in the Middle
East by age, sex, country and time.
Results: Suboptimal diet was the leading risk factor
for CMD mortality in 11 countries accounting for 48%
(in Morocco) to 72% (in the United Arab Emirates) of
CMD deaths. Non-optimal systolic blood pressure was
the leading risk factor for CMD deaths in eight
countries causing 45% (in Bahrain) to 68% (in Libya)
of CMD deaths. Non-optimal body mass index and
fasting plasma glucose were the third and fourth
leading risk factors for CMD mortality in most
countries. Among individual dietary factors, low intake
of fruits accounted for 8% (in Jordan) to 21% (in
Palestine) of CMD deaths and low intake of whole
grains was responsible for 7% (in Palestine) to 22%
(in the United Arab Emirates) of CMD deaths. Between

1990 and 2010, the CMD mortality attributable to most
risk factors had decreased except for body mass index
and trans-fatty acids.

Strengths and limitations of this study

▪ This study provides country-specific estimates of
the cardiometabolic disease mortality attributed to
individual dietary and metabolic risk factors inform-
ing national priorities for prevention strategies.

▪ Dietary data used in this study were from mixed
sources, which increases the statistical uncer-
tainty in dietary estimates. A major advantage of
the study is that it has incorporated various
sources of uncertainty into the analysis and has
quantified the overall uncertainty intervals for the
mortality estimates.

▪ The aetiological effect sizes of diet–disease rela-
tionships were obtained from the most recent
meta-analyses of the clinical trials and observa-
tional studies that had adjusted for major con-
founders. However, the possibility of residual
confounding cannot be excluded.

▪ The cardiometabolic disease burden of individual
dietary factors might have been underestimated due
to the measurement error and adjustment of aetio-
logical effect sizes for potential mediators (eg,
blood pressure, body mass index and blood lipids).

▪ The number of cardiometabolic deaths attributed
to the combined effect of dietary factors might
have been overestimated due to the correlation
of dietary factors at the population level.
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Conclusions: Our findings highlight key similarities and differences
in the impact of the dietary and metabolic risk factors on CMD
mortality in the countries of the Middle East and inform priorities for
policy measures to prevent CMD.

INTRODUCTION
Cardiometabolic disease (CMD), including cardiovascu-
lar disease (CVD) and type 2 diabetes mellitus (DM), is
the leading cause of mortality in the Middle East and
North Africa, accounting for nearly one million deaths
annually.1 2 Over the past few decades, along with socio-
economic changes, the prevalence of a suboptimal life-
style (eg, dietary) and metabolic (eg, obesity) risk
factors has rapidly increased in this region.2–6 Yet the
absence of a valid and reliable methodology for com-
parative risk assessment, as well as systematic and com-
parable methods to assess nationally representative risk
patterns, has hindered accurate estimation of the
impacts of lifestyle and metabolic risk factors on CMD in
each country of this region. Several prior efforts have
estimated how various risk factors contribute to CMD
globally. For instance, the World Health Organization
(WHO) estimated the global and regional burdens of
disease attributable to multiple risk factors, including
four metabolic factors (high blood pressure, high blood
cholesterol, high blood glucose and adiposity) and only
one dietary factor (low fruits and vegetables com-
bined).7 Other nation-specific analyses—for example, in
the USA, Australia, Iran, Japan and Mexico—have simi-
larly estimated the health impact of selected dietary and
metabolic risk factors.8–12 The global burden of disease
(GBD) 2010 study built on these prior efforts by devel-
oping more systematic and comparable methods to
collect nationally representative data and evaluating
aetiological effect sizes of risk factor–disease relation-
ships.2 A particular advance of GBD 2010 was the new
systematic assessment of multiple dietary risk factors for
CMD, based not only on national food availability esti-
mates but also individual-level data on dietary consump-
tion.2 13 These prior efforts included estimation of the
contribution of suboptimal diet and metabolic risk
factors to chronic disease mortality in the overall Middle
East and North African region.14 However, detailed
national results, including by key subgroups within each
country by age and sex, have not as yet been reported.
In addition, these prior analyses have not utilised the
most current evidence for aetiological effects of diet,
which produces substantial overall CMD burdens; nor
have they examined how the selection of optimal levels
of dietary and metabolic risk factors influences the esti-
mated CMD impact. To address these key gaps in knowl-
edge, we evaluated the CMD mortality attributable to
dietary and metabolic risk factors in 20 countries of the
Middle East and North Africa, as well as changes in risk
factor levels and corresponding attributable mortality
between 1990 and 2010.

METHODS
The methods and standardised data collection protocol
have been described in detail elsewhere.1 2 13 15–20 In
brief, we conducted a population-level comparative risk
assessment analysis for 15 dietary and metabolic risk
factors to estimate the number of deaths that would
have been averted in 1990 and 2010 in 20 countries of
the Middle East and North Africa if distributions of risk
factor exposure had been sustained at an optimal level
(table 1). The countries included in our analysis were
Afghanistan, Algeria, Bahrain, Egypt, Iran, Iraq, Jordan,
Kuwait, Lebanon, Libya, Morocco, Oman, Palestine,
Qatar, Saudi Arabia, Syria, Tunisia, Turkey, the United
Arab Emirates (UAE) and Yemen.

Selection of risk factors
We selected 11 dietary and 4 metabolic risk factors for
which sufficient evidence was available on the presence
and magnitude of probable causal relationships with cor-
onary heart disease (CHD), stroke, other CVDs or DM
from high-quality epidemiological studies. The dietary
factors included low intake of fruits, whole grains, vege-
tables and beans, seafood ω-3 fats, nuts and seeds and
polyunsaturated fatty acids (PUFA) as a replacement for
saturated fatty acids (SFA) or carbohydrate, and high
intake of sodium, trans fats, processed meat, sugar-
sweetened beverages (SSBs) and unprocessed red meat.
Several other important dietary factors (eg, low intake of
milk, low intake of dietary calcium and high intake of
dietary cholesterol) were also considered but were not
included because the evidence on causal effects was less
convincing.13 The metabolic risk factors included in our
analysis were high systolic blood pressure (SBP), fasting
plasma glucose, serum total cholesterol and body mass
index (BMI). Table 1 summarises these 15 risk factors,
their optimal level, also referred to as theoretical-
minimum-risk exposure distributions, and disease
outcomes.

Data sources
Dietary factors
We estimated the intake of each dietary factor by sex,
age and time in 187 countries using the data from
individual-level nutrition surveys and the United Nations
Food and Agricultural Organization (FAO) food balance
sheets data from each country. To identify nationally rep-
resentative nutrition surveys from all countries around
the world, we conducted systematic searches of multiple
databases; collected data on the survey characteristics as
well as the mean and SD of measured intakes of the
dietary factors of interest by country, sex, age and time;
and performed survey quality assessment by review of
evidence for selection bias, sample representativeness,
response rate and validity of dietary assessment methods.
The characteristics of the 15 dietary surveys identified in
20 countries of the Middle East and North Africa and
included in this study are provided in the data supple-
ment (see online supplementary table S1).
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For countries without identified dietary surveys, we uti-
lised the comprehensive FAO food balance sheets, pro-
viding data on national food availability per capita for
major food groups in 176 countries across all years.

Food availability data from the FAO food balance sheets
from all years between 1980 and 2010 were extracted
and used to create 17 standard food and nutrient
groups most closely matching the key dietary factors of

Table 1 Metabolic and dietary risk factors, their definitions, optimal levels and disease outcomes

Risk factor (definitions)* Optimal level Disease outcomes†

Metabolic risk factors‡

High systolic blood pressure 115±6 mm Hg CHD, ischaemic stroke, haemorrhagic stroke,

hypertensive heart disease, aortic aneurysm,

rheumatic heart disease, inflammatory heart

disease, other CVDs

High fasting plasma glucose 5.3±0.3 mmol/L2 CHD, ischaemic stroke, haemorrhagic stroke, DM

High serum total cholesterol 4.0±0.9 mmol/L2 CHD, ischaemic stroke

High body mass index 23±1 kg/m2 CHD, ischaemic stroke, hypertensive disease, DM

Dietary risk factors§

Low intake of fruits (except fruit juices and

salted or pickled fruits)

300±30 g/day47 CHD, ischaemic stroke, haemorrhagic stroke

Low intake of whole grains (food ≥1.0 g fibre

per 10 g of carbohydrate)

2.5 (50 g)±0.25

servings/day

CHD, ischaemic stroke, haemorrhagic stroke, DM

Low intake of vegetables and beans (excluding

vegetable juices, starchy potatoes, corn and

salted or pickled vegetables), plus total beans

and legumes, including tofu (excluding soya

milk)

400±40 g/day¶47 CHD, ischaemic stroke, haemorrhagic stroke

Low intake of seafood ω-3 fats (total dietary

eicosapentaenoic acid+docosahexaenoic acid

(EPA+DHA) intake)

250±25 mg/day CHD

Low intake of nuts and seeds 4 (1 oz)±0.4

servings/week

CHD, DM

High intake of sodium 2000±200 mg/day** Blood pressure-mediated effect (CHD, ischaemic

stroke, haemorrhagic stroke)††

Low intake of polyunsaturated fatty acids as a

replacement for saturated fatty acids or

carbohydrate

12±1.2% of total

calories48
CHD

High intake of trans fats (mainly partially

hydrogenated vegetable oils and ruminant

products)

0.5±0.05% of total

calories49
CHD

High intake of processed meats 0 serving/day CHD, DM

High intake of sugar-sweetened beverages

(≥50 kcal/8 oz (226.8 g) serving, excluding

100% fruit and vegetable juices)

0 serving/day BMI,‡‡ DM§§

High intake of red meat (unprocessed)

excluding poultry, fish, eggs and all processed

meat

1 (100 g)±0.1

serving/week

DM

*Alternative risk factor definitions (metrics) have been defined in the methodology GBD paper for dietary risk factors.13

†Indicates diseases for which convincing or probable evidence of an aetiological association with the risk factor of interest was determined.13

‡Low density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C) and triglycerides were excluded because of the lack
of sufficient or unbiased data on global risk factor levels to generate estimates for the Middle East in a comparable and consistent fashion.20

§Total energy, fruit juices, plant ω-3 and dietary cholesterol were excluded because of the absence of studies on potential associations. Milk
and dietary calcium were excluded as their evidence did not qualify as convincing or probable for causality.
¶The optimal intake for vegetables is 300±30 g/day that was increased to 400±40 g/d when beans and legumes were added to the total
vegetable intake.
**The recent GBD 2010 study used an optimal level for sodium of 1000 mg/day, but due to the subsequent Institute of Medicine report and
controversy around it, we used an optimal level of 2000 mg/day.50

††Direct effect of high sodium on CHD, ischaemic stroke and haemorrhagic stroke was considered in the sensitivity analyses using the RRs
of sodium intake not mediated through SBP.
‡‡BMI was not studied as an outcome, but BMI-mediated effects were, such as on CHD, ischaemic stroke and diabetes.
§§Direct effect of high sugar-sweetened beverages on DM was estimated based on a meta-analysis of 8 prospective cohorts (310,819
participants, 15,043 incident cases of diabetes), comparing the highest (1-2 servings/d) vs. lowest (<1 serving/mo) category of intake. Three
cohorts included adjustment for BMI, most appropriate for our modeling of direct (non-obesity mediated) effects; but these also adjusted for
total energy intake, which could cause underestimation of full effects.51

BMI, body mass index; CHD, coronary heart disease; CVD, cardiovascular disease; DM, diabetes mellitus; GBD, global burden of disease.
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interest. Since availability data may overestimate true
intakes, we determined and utilised the relationship
between individual-level dietary surveys and the FAO
food balance sheets, accounting for age and sex patterns
in the individual-level intakes, to adjust the estimated
intakes in those countries having only FAO data.
For each dietary factor, we developed an age-integrating
Bayesian hierarchical model that estimated the mean
consumption level and its statistical uncertainty for each
age-sex-country-year stratum. Primary inputs were the
survey-level intake data, including all available country-
specific, time-specific, age-specific and sex-specific con-
sumption levels (mean, distribution), data on the
numbers of participants in each strata and survey-level
indicator covariates (sampling representativeness, dietary
assessment method, type of dietary metric); the food dis-
appearance data derived and standardised from the FAO
including 17 nutrients or food groups and 4 factors
derived from principal components analysis of these 17
variables; lagged distributed national income; and
random effects for each country, region (21 GBD
regions) and super-region (7 GBD groupings of super-
regions). For five countries (Afghanistan, Bahrain, Iraq,
Oman and Qatar) with no FAO food balance sheets
data, dietary data were imputed based on the regional
mean in each age-sex group and the country-specific
covariates (see online supplementary figure S1). Model
validity across different iterations had been evaluated
using cross-validation; and sources of uncertainty were
identified and incorporated, including from survey-level
versus FAO country data, sampling uncertainty of ori-
ginal data sources, and additional uncertainty associated
with suboptimal metrics, subnational samples or
household-level surveys. Thus, by combining the
individual-level diet surveys and the adjusted FAO data,
our dietary estimates in the Global Dietary Database
were derived from dietary information available in all
countries.

Metabolic risk factors
The distributions of metabolic risk factors were obtained
from recently published studies by GBD Metabolic Risk
Factors Diseases Collaborating Group.17–20 In these
studies, the researchers systematically reviewed published
and unpublished studies from 1980 to 2008 and col-
lected data on the mean and SD of each metabolic risk
factor from representative surveys in all countries across
the world. Data were collected and modelled separately
for men and women. A multilevel Bayesian hierarchical
model was used to estimate missing data and derive the
average risk factor level and their 95% uncertainty inter-
val (UI) for each age-country-year unit.

Aetiological effects of risk factors on mortality
For each dietary factor, we obtained the relative risk
(RR) of CHD, stroke and DM mortality (or incidence)

per unit of exposure based on the most recent pub-
lished systematic reviews and meta-analyses of epidemio-
logical studies (see online supplementary table S4).21

For those dietary factor-disease pairs for which no
recent systematic review and meta-analysis were available
(eg, nuts and CHD, stroke and DM), we conducted de
novo meta-analyses.22 The present analyses are based on
the most updated available data until November 2014 on
the probable or convincing aetiological effects of diet
on CMD. The studies used for quantifying the aetio-
logical effect sizes included randomised controlled trials
of exposure reduction (ie, nuts, PUFA, ω-3 fatty acids
and sodium) and observational studies that estimated
the effects of baseline or cumulatively updated exposure.
The majority of observational studies used for effect
sizes had adjusted for important potential confounders
(eg, age, sex, race, education, socioeconomic status,
physical activity, smoking, alcohol consumption).
Aetiological effects of metabolic risk factors were esti-
mated using the data from large cohort pooling pro-
jects.23 For each risk factor-disease pair, we used the
same RR for men and women and consistent age-
patterns of RRs.23 Effect modification by other factors
(eg, race, prevalent disease) was also evaluated and
incorporated in the analysis where applicable.

Optimal distributions
To measure the mortality effects of all non-optimal levels
of exposure consistently and comparably across dietary
and metabolic risk factors, we used an optimal level as
the alternative exposure distribution (table 1). The
optimal intake for dietary factors with protective effects
was defined as the intake levels to which beneficial
effects may plausibly continue based on epidemiological
studies. For example, the intake of ω-3 fatty acids seems
to reduce CHD mortality at intakes up to 250 mg/day,
but has relatively little additional mortality benefits at
higher intakes.24 In setting an optimal intake for protect-
ive factors, we also took into account the levels observed
in populations that have high intake.21 For metabolic
risk factors and dietary factors with harmful effects,
optimal level was defined as the exposure levels asso-
ciated with the lowest level of harm. For example,
optimal intake for processed meat was zero. The SD of
the optimal levels was determined using the global
mean to SD regression co-efficient.17–20

Disease-specific deaths
The number of deaths due to CHD (ICD-10 codes
I20–I25), ischaemic stroke (I63, I65–I67, I69.3), haemor-
rhagic stroke (I60-62, I69.0-2), hypertensive heart
disease (I11–I13), aortic aneurysm (I71), rheumatic
heart disease (I01, I02.0, I05–I09), inflammatory heart
disease (I33, I42), other CVDs and DM (E10–E14) for
the 1990 and 2010 periods was obtained from the GBD
2010 mortality database, which provides estimated
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annual mortality statistics by country, age, sex and cause
of deaths.1 Considering that reliable mortality data from
Afghanistan were not available, we excluded Afghanistan
from the analysis and only presented the data on the dis-
tribution of dietary and metabolic risk factors in this
country.

Statistical analysis
For each risk factor, we computed the population-
attributable fraction (PAF):

PAF ¼
Ðm
x¼0 RR(x)P(x)dx�

Ðm
x¼0 RR(x)P'(x)dxÐm

x¼0 RR(x)P(x)dx

Where x is the exposure level, P(x) is the actual distribu-
tion of exposure in the population, P′ (x) is the optimal
exposure distribution; RR(x) is the RR of mortality at
exposure level x, and m is the maximum exposure level.
PAF measures the total effects of a risk factor (direct as

well as mediated through other factors) and represents
the proportional reduction in disease-specific mortality
that would occur if risk factor exposure was at the optimal
level. We calculated the number of deaths from CHD,
ischaemic stroke, haemorrhagic stroke, hypertensive
heart disease, aortic aneurysm, rheumatic heart disease,
inflammatory heart disease, other CVDs and DM attribut-
able to each risk factor by multiplying its PAF by total
disease-specific mortality. Deaths attributable to a single
risk factor across different disease outcomes were
summed to obtain the total attributable mortality to that
particular risk factor. We conducted all analyses separ-
ately by country, sex and age groups (25–29, 30–34,
35–39, 40–44, 45–49, 50–54, 55–59, 60–64, 65–69, 70–74,
75–79, and 80+years) and time (1990 and 2010).
We also calculated the change in the risk factor level,

total CMD mortality and CMD deaths attributable to
each risk factor. To calculate the latter, we accounted for
the change in population structure by standardising the
1990–2010 population.

Uncertainty and sensitivity analyses
For each risk factor, we estimated the sampling uncer-
tainty of the attributable mortality using the second
order Monte Carlo simulation. In this method, for each
unit of observation (ie, country-age-sex-year), we drew
repeatedly from the normal distribution of exposure
(assumed to be normal), a log-normal distribution of
disease-specific RRs, a normal distribution of the
optimal intake, and a normal distribution of cause-
specific mortality. Each set of exposure, disease-specific
RR, optimal intake and disease-specific mortality draws
was used to calculate the PAF and attributable mortality.
We used 1000 draws for each risk factor, and reported
95% UI based on the resulting distributions of 1000 esti-
mated attributable deaths. In addition to the sampling
uncertainty, we examined the sensitivity of our results to
the choice of the optimal level of each risk factor. All
analyses were conducted using R V.2.15.0.

RESULTS
Distribution of dietary and metabolic risk factors by
country, sex and age
In 2010, all metabolic risk factors in almost all countries
had suboptimal national distributions (figure 1A).
The highest national means were seen in Kuwait (BMI
30.2 kg/m2 and serum total cholesterol 5.1 mmol/L),
Libya (SBP 132 mm Hg) and Saudi Arabia (fasting
plasma glucose 6.4 mmol/L). Similarly, the national
intakes of dietary factors in most countries were non-
optimal (figure 1B and C). The lowest intakes of protect-
ive dietary factors were in Libya (fruits 60.4 g/day and
vegetables 134 g/day), Turkey (whole grains 3.2 g/day),
Afghanistan (nuts 4.6 g/day), Yemen (PUFA 3.6%E/day)
and Lebanon (seafood ω-3 fatty acids 8.3 mg/day). The
highest intakes of harmful dietary factors were observed
in UAE (processed meat 6.7 g/day), Algeria (red meat
707 g/week), Egypt (trans fat 6.5%E/day), Lebanon
(SSBs 185 g/day) and Bahrain (sodium 5404 mg/day).
No single country consistently showed a more favourable
national profile of all metabolic risk factors or healthier
consumption pattern of all dietary factors.
Women consistently had a higher BMI and total chol-

esterol in almost all age groups across all countries,
whereas no appreciable difference was seen in SBP and
fasting plasma glucose levels among men and women
(see online supplemental figures S2–S5). The consump-
tion patterns of all dietary factors were similar among
men and women except for sodium, which was consist-
ently higher among men across all age groups
(see online supplementary figures S6–S9).
SBP consistently increased by age, whereas BMI, fasting

plasma glucose and total cholesterol showed a decreasing
trend among the elderly (see online supplementary
figures S2–S5). The consumption of dietary factors did
not vary by age except for SSB intake which decreased by
age (see online supplementary figures S6–S9).

CMD mortality by country, sex and age
In 2010, CMD caused 492 036 deaths (49% of CMD
deaths due to CHD, 26% stroke, 19% other CVDs and
6% diabetes) among men and 419 102 deaths among
women (40% CHD, 30% stroke, 21% other CVDs and
9% diabetes). Nearly 43% of total CMD (388 000 CMD
deaths) occurred prematurely (defined as deaths below
the age of 70). The highest rates of CMD mortality (per
million adults) were seen in Egypt (5722 deaths) and
Syria (4167 deaths), and the lowest rates were seen in
Qatar (504 deaths), the UAE (832 deaths) and Bahrain
(1103 deaths) (see online supplementary figure S10).

CMD mortality attributable to metabolic risk factors by
country
Non-optimal SBP (>115 mm Hg) was the leading meta-
bolic risk for CMD mortality in the region accounting for
48% of CMD deaths (436 190 deaths, 95% UI 422 098 to
451 182) (figure 2). Non-optimal BMI (>23 Kg/m2) and
fasting plasma glucose (>5.3 mmol/L) caused 21%
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Figure 1 National levels of metabolic risk factors (A) and national intakes of protective (B) and harmful (C) dietary factors in the

Middle East and North Africa, by country (2010). Red line represents the optimal level.

Figure 1 Continued
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(192 583 deaths, 95% UI: 186 700 to 198 291) and 17%
(155 955 deaths, 95% UI 150 953 to 160 872) of CMD
deaths, respectively. High serum total cholesterol
(>4 mmol/L) was responsible for 12% of CMD deaths
(108 811 deaths, 95% CI 99 687 to 119 315).
The ranking of metabolic risk factors was slightly differ-

ent across countries (see online supplementary tables S5–
S23). Non-optimal SBP was the leading metabolic risk
factor for CMD mortality in all countries except Bahrain.
Non-optimal fasting plasma glucose was the leading risk
factor for CMD deaths in Bahrain, the second leading
metabolic risk factor for CMD deaths in nine countries
(ie, Algeria, Libya, Morocco, Oman, Palestine, Qatar,
Saudi Arabia, Tunisia and Yemen), the third leading risk
factor for CMD deaths in six countries (ie, Iraq, Jordan,
Kuwait, Lebanon, Syria and Turkey) and the fourth
leading risk factor for CMD deaths in the UAE, Egypt and
Iran. Non-optimal BMI was the second or third leading
metabolic risk factor for CMD mortality in most countries.
Serum total cholesterol ranked the third or fourth leading
risk factor for CMD mortality in most countries.
The CMD mortality rate due to individual metabolic

risk factors varied across countries (table 3). The
number of CMD deaths (per million adults) due to non-
optimal SBP ranged from 208 deaths (in Qatar) to 2855
deaths (in Egypt). The highest number of CMD deaths
attributable to non-optimal fasting plasma glucose was
observed in Morocco (1351 deaths per million adults).
The highest number of CMD deaths due to non-optimal
BMI (1,252 deaths per million adults) and serum total

cholesterol (638 deaths per million adults) were seen in
Egypt. The lowest number of CMD deaths (deaths per
million adults) attributable to non-optimal BMI (170
deaths), fasting plasma glucose (187 deaths) and serum
total cholesterol (98 deaths) were seen in Qatar.

CMD mortality attributable to dietary factors by country
Low intake of fruits (112 960 deaths, 95% UI 108 958 to
117 346) and low intake of whole grains (104 234, 95%
UI 101 156 to 107 283) were the leading dietary risk
factors for CMD mortality in the region accounting for
12% and 11% of total CMD deaths, respectively (table
2). Among harmful dietary factors, high intake of
sodium was responsible for the highest number of CMD
deaths (86 010 deaths, 95% CI 53 811 to 116 434).
Like metabolic risk factors, the ranking dietary factors

varied across the countries (see online supplementary
tables S5–S23). Low intake of fruits was the leading
dietary risk factor for CMD mortality in 10 countries,
the second leading risk factor for mortality in 5 coun-
tries (Egypt, Iran, Kuwait, Lebanon and Turkey) and the
third leading dietary factor for mortality in Bahrain and
the UAE. Low intake of whole grains was the leading
dietary risk factor for CMD mortality in four countries
( Jordan, Kuwait, Turkey and the UAE). The leading
dietary risk factor for mortality in Iran was low intake of
vegetables and beans, and the leading dietary risk factor
for mortality in Lebanon and Qatar was low intake of
seafood ω-3 fatty acids. Among harmful dietary factors,
high intake of sodium was responsible for the highest

Figure 1 Continued
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number of CMD deaths in most countries except Egypt
where high intake of trans fat was the leading dietary
risk factor for mortality.

The absolute CMD burden of each individual dietary
factor was also different across countries (table 3). The
highest number of CMD deaths due to low intake of

Figure 2 Cardiometabolic

deaths attributable to dietary and

metabolic risk factors in the

Middle East and North Africa

among (A) men, (B) women, (C)

total adult population (2010).

Other cardiovascular diseases

(CVDs) include hypertensive

heart disease, aortic aneurysm,

rheumatic heart disease,

inflammatory heart disease, other

unspecified CVDs.
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Table 2 Cardiometabolic deaths attributable to dietary and metabolic risk factors in the Middle East and North Africa (2010)*

Total Men Women 22–44 years 45–70 years 70+ years

Total cardiometabolic deaths† 911 137 492 036 419 101 65 259 322 978 522 900

Metabolic risk factors‡

High systolic blood pressure (>115 mm Hg)

Deaths (n) 436 190 235 076 201 114 24 290 184 937 226 964

95% UI (422 098–451 182) (224 182–245 132) (191 457–210 826) (22 525–26 087) (179 090–190 918) (214 238–240 271)

% of total CMD deaths 47.9 47.8 48 37.2 57.3 43.4

Overweight-obesity (BMI>23 Kg/m2)

Deaths (n) 192 583 91 556 101 027 16 915 95 031 80 636

95% UI (186 700–198 291) (88 165–95 007) (96 351–105 225) (16 029–17 905) (91 790–97 962) (75 535–85 263)

% of total CMD deaths 21.1 18.6 24.1 25.9 29.4 15.4

High fasting plasma glucose (>5.3 mmol/L)

Deaths (n) 155 955 80 359 75 595 7204 63 821 84 929

95% UI (150 953–160 872) (76 283–84 255) (72 288–78 995) (6634–7793) (60 916–66 649) (80 859–88 990)

% of total CMD deaths 17.1 16.3 18 11 19.8 16.2

High serum total cholesterol (>4 mmol/L)

Deaths (n) 108 811 56 847 51 965 11 600 54 781 42 430

95% UI (99 687–119 315) (51 793–63 276) (44 642–60 432) (10 465–12 714) (51 040–58 706) (34 434–51 956)

% of total CMD deaths 12 12 12 18 17 8

Dietary risk factors

Suboptimal diet§

Deaths (n) 435 174 254 717 180 457 41 337 194 647 199 191

95% UI (418 779–450 860) (245 203–264 260) (173 144–187 239) (39 786–42 917) (187 605–201 173) (190 583–207 953)

% of total CMD deaths 47.8 51.8 43.1 63.3 60.3 38.1

Low fruits (<300 g/day)

Deaths (n) 112 960 66 740 46 220 14 815 51 877 46 268

95% UI (108 958–117 346) (63 489–70 403) (43 827–48 790) (13 750–15 961) (49 226–54 627) (43 409–49 229)

% of total CMD deaths 12 14 11 23 16 9

Low whole grains (<125 g/day)

Deaths (n) 104 234 61 751 42 483 13 257 48 825 42 152

95% UI (101 156–107 283) (59 378–64 259) (40 784–44 187) (12 518–14 015) (46 701–51 011) (40 008–44 333)

% of total CMD deaths 11 13 10 20 15 8

High sodium (>2000 mg/day)¶

Deaths (n) 86 010 53 019 32 991 6468 46 523 33 020

95% UI (53 811–116 434) (32 988–71 435) (20 548–45 029) (2386–10 746) (31 057–60 575) (19 716–45 953)

% of total CMD deaths 9 11 8 10 14 6

Low seafood ω-3 fatty acids (<250 mg/day)**

Deaths (n) 84 749 52 472 32 277 10 424 40 775 33 550

95% UI (80 298–89 032) (48 687–55 864) (29 957–34 519) (9464–11 391) (37 971–43 693) (30 623–36 704)

% of total CMD deaths 9 11 8 16 13 6

Low vegetables and beans (<400 g/day)

Deaths (n) 76 449 46 212 30 237 9846 34 037 32 567

95% UI (72 913–79 598) (43 504–48 785) (28 094–32 184) (8952–10 701) (31 950–36 121) (30 161–34 992)

% of total CMD deaths 8 9 7 15 11 6
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Table 2 Continued

Total Men Women 22–44 years 45–70 years 70+ years

Low nuts and seeds (<16.2 g/day)††

Deaths (n) 69 891 42 740 27 151 8693 33 745 27 454

95% UI (66 870–73 190) (40 060–45 412) (25 425–28 902) (7987–9471) (31 510–35 915) (25 493–29 586)

% of total CMD deaths 8 9 7 13 10 5

High trans-fatty acids (>0.5%E/day)

Deaths (n) 67 780 41 011 26 769 8021 32 806 26 953

95% UI (64 326–71 343) (38 388–43 869) (24 722–28 860) (7237–8801) (30 417–35 140) (24 511–29 509)

% of total CMD deaths 7 8 6 12 10 5

Low PUFA as a replacement for SFA or carbohydrate (<12% E/day)

Deaths (n) 35 574 21 954 13 620 4298 17 054 14 222

95% UI (33 584–37 604) (20 368–23 803) (12 542–14 726) (3855–4742) (15 680–18 521) (12 840–15 657)

% of total CMD deaths 4 5 3 7 5 3

High processed meat (>0 g/day)

Deaths (n) 18 609 11 643 6966 2524 9104 6981

95% UI (17 355–19 947) (10 490–12 785) (6303–7607) (2180–2934) (8163–10 057) (6057–7849)

% of total CMD deaths 2 2 2 4 3 1

High sugar-sweetened beverages (>0 g/day)

Deaths (n) 9291 4977 4315 1413 4542 3336

95% UI (7144–11 360) (3803–6107) (3336–5297) (1119–1730) (3474–5572) (2529–4133)

% of total CMD deaths 1 1 1 2 1 1

High unprocessed red meat (>14.3 g/day)

Deaths (n) 4595 2379 2216 487 2308 1800

95% UI (4192–5027) (2097–2657) (1937–2517) (410–566) (2055–2565) (1516–2128)

% of total CMD deaths 0.5 0.5 0.5 0.7 0.7 0.3

*The Middle East and North Africa region includes 20 countries: Afghanistan, Algeria, Bahrain, Egypt, Iran, Iraq, Jordan, Kuwait, Lebanon, Libya, Morocco, Oman, Palestine, Qatar, Saudi
Arabia, Syria, Tunisia, Turkey, United Arab Emirates and Yemen. Contrary to the WHO Eastern Mediterranean region classification, it excludes Djibouti, Somalia, South Sudan and Sudan.
Afghanistan was excluded from the analysis due to lack of reliable mortality data.
†Total cardiometabolic deaths include CHD (ICD-10 codes I20–I25), ischaemic stroke (I63, I65–I67, I69.3), haemorrhagic/other non-ischaemic stroke (I60–62, I69.0–2), hypertensive heart
disease (I11–I13), aortic aneurysm (I71), rheumatic heart disease (I01, I02.0, I05–I09), inflammatory heart disease (I33, I42), other CVDs and diabetes mellitus (E10–E14).
‡The mortality burden of different risk factors is not mutually exclusive. There might be interaction among these factors, plus the effect of one factor may be mediated through another, such as a
part of the BMI effect through fasting glucose or effects of fruits through systolic blood pressure. These effects, therefore, cannot be summed.
§Calculated based on the PAF of individual dietary factors.
¶In comparison with a prior study evaluating the CMD burden due to individual dietary factors in the whole region,2 we used a higher optimal level for sodium (2000 mg/day vs 1000 mg/day) to
take into account the recent conclusions of the US Institute of Medicine.50

**There was an aetiological relationship of fish with CHD and stroke, in contrast to ω-3 fatty acids that had effect on CHD only.
††We also used a more modest aetiological effect size for nuts and CHD relationship based on the results of a new meta-analysis.22

BMI, body mass index; CHD, coronary heart disease; CMD, cardiometabolic disease; CVD, cardiovascular disease; PAF, population-attributable fraction; PUFA, polyunsaturated fatty acids; UI,
uncertainty interval.
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Table 3 Cardiometabolic deaths (per million adults) attributable to dietary and metabolic risk factors in 20 countries of the Middle East and North Africa (2010)

High systolic

blood

pressure

(>115 mm Hg)

Overweight-

obesity

High fasting

plasma

glucose

(>5.3 mmol/L)

High serum

total

cholesterol

(>4 mmol/L)

Suboptimal

Diet*

Low fruits

(<300 g/day)

Low whole

grains

(<125 g/day)

Low nuts

and seeds

(<16.2 g/day)

Low

vegetables

and beans

(<400 g/d)

Low seafood

ω-3 fatty acids

(<250 mg/day)

High sodium

(>2000 mg/d)

Low PUFA

as a

replacement

for SFA or

carbohydrate

(<12% E/day)

High

trans-fatty

acids

(>0.5%E/

day)

High

processed

meat (>0 g/

day)

High

SSBs

(>0 g/

day)

High

unprocessed

red meat

(>14.3 g/day)

High income

Bahrain 430 383 465 158 562 102 107 99 85 102 141 38 99 42 44 39

(396–464) (355–413) (426–507) (130–188) (536–589) (89–117) (95–120) (88–113) (70–100) (88–116) (86–190) (32–45) (86–111) (36–49) (35–54) (28–51)

Kuwait 870 659 519 388 1041 238 305 199 237 238 184 106 124 63 29 21

(804–940) (628–690) (470–569) (347–436) (1003–1076) (215–264) (286–326) (176–220) (215–259) (208–267) (108–257) (92–120) (101–146) (50–76) (22–37) (15–28)

UAE 392 287 216 227 498 122 150 105 94 129 83 61 34 39 18 12

(342–441) (255–319) (183–252) (185–269) (478–516) (102–143) (131–168) (86–125) (74–117) (104–155) (49–118) (48–75) (27–42) (29–51) (14–23) (9–17)

Oman 872 460 713 271 952 219 168 168 175 190 166 75 91 53 47 37

(794–953) (425–498) (652–776) (209–350) (907–999) (192–248) (149–189) (150–187) (145–210) (167–217) (101–229) (63–88) (74–110) (45–61) (39–55) (27–48)

Qatar 208 170 187 98 260 51 53 53 46 61 48 21 29 19 16 13

(189–229) (157–183) (170–204) (80–115) (249–271) (44–60) (46–61) (46–61) (38–56) (52–71) (29–66) (17–26) (22–37) (16–24) (13–19) (9–17)

Saudi

Arabia

1102 582 689 256 1019 256 181 207 239 225 135 118 54 50 29 17

(1002–1208) (541–626) (616–760) (200–332) (975–1064) (227–289) (159–204) (183–233) (203–278) (194–258) (83–184) (100–137) (46–62) (41–60) (22–36) (13–22)

Upper middle income

Algeria 1540 514 672 231 1395 411 215 213 312 223 322 112 45 47 46 57

(1409–1676) (460–583) (615–735) (175–310) (1322–1464) (378–445) (190–242) (191–237) (281–344) (195–252) (199–432) (97–127) (38–52) (40–54) (38–55) (45–70)

Iran 2035 670 589 630 1976 444 429 311 455 444 388 170 315 96 20 10

(1829–2244) (608–731) (527–653) (496–809) (1890–2064) (400–492) (392–468) (271–354) (408–502) (387–501) (244–534) (143–199) (276–351) (77–115) (14–26) (8–12)

Jordan 1379 1187 1160 444 1487 231 368 256 159 311 343 111 128 62 84 43

(1267–1495) (1115–1263) (1071–1255) (362–540) (1403–1568) (210–254) (338–399) (226–283) (142–179) (271–352) (218–460) (94–130) (104–155) (52–72) (67–102) (32–56)

Lebanon 1937 1000 843 567 1773 386 358 327 228 562 210 86 198 102 59 14

(1695–2198) (904–1103) (735–970) (394–798) (1703–1852) (343–431) (326–391) (284–373) (202–253) (491–639) (130–289) (66–111) (155–239) (81–125) (45–74) (10–18)

Libya 2113 977 1015 409 1866 577 303 298 483 374 402 112 165 67 50 26

(1936–2301) (895–1066) (922–1121) (323–516) (1782–1946) (523–633) (268–341) (261–341) (437–530) (319–429) (253–545) (92–135) (134–199) (55–80) (39–63) (19–33)

Tunisia 2028 817 872 455 1819 489 312 288 342 363 445 124 80 73 45 22

(1812–2230) (716–939) (776–991) (325–631) (1715–1920) (425–554) (272–353) (245–332) (277–413) (305–425) (277–600) (100–151) (68–94) (59–88) (34–55) (16–28)

Turkey 1897 956 636 551 1954 473 644 311 287 356 442 114 91 93 35 10

(1759–2044) (897–1012) (578–693) (457–671) (1863–2042) (429–518) (605–684) (274–348) (258–319) (307–410) (275–601) (96–132) (79–103) (76–109) (25–45) (8–12)

Lower middle income

Egypt 2855 1252 490 638 2938 814 768 462 348 515 526 263 1035 100 41 10

(2653–3048) (1177–1328) (437–541) (515–790) (2829–3047) (742–887) (727–810) (417–510) (307–394) (454–578) (328–713) (230–298) (959–1113) (82–120) (28–54) (8–12)

Iraq 2102 1058 985 553 1990 553 311 332 379 429 367 207 192 81 55 29

(1885–2334) (956–1170) (887–1098) (433–717) (1897–2081) (491–617) (270–355) (290–376) (312–458) (365–493) (226–498) (176–245) (153–231) (68–96) (43–69) (22–37)

Morocco 1570 917 1352 241 1586 417 279 237 309 219 363 85 48 79 102 55

(1417–1729) (800–1057) (1225–1488) (168–332) (1499–1679) (372–462) (245–315) (211–265) (256–366) (190–251) (227–493) (71–99) (42–55) (68–90) (83–122) (41–71)

Palestine 1682 722 849 241 1629 603 195 219 402 304 331 117 140 47 43 19

(1547–1829) (667–780) (768–934) (178–311) (1544–1708) (536–673) (165–230) (191–249) (333–479) (262–345) (205–445) (99–138) (107–174) (38–57) (33–52) (15–24)

Syria 2109 943 743 585 2294 628 510 377 450 621 456 229 218 111 38 10

(1882–2365) (852–1037) (632–859) (439–774) (2190–2384) (558–700) (470–552) (333–424) (378–527) (550–689) (283–618) (198–261) (179–264) (87–134) (26–50) (7–12)

Yemen 1794 586 665 320 1827 555 523 309 408 358 266 194 136 68 42 19

(1618–1962) (491–685) (589–744) (233–414) (1759–1895) (487–622) (479–567) (267–354) (345–479) (303–414) (168–361) (162–228) (104–172) (55–81) (33–52) (13–24)

*Calculated based on the joint PAF of individual dietary factors.

PAF, population-attributable fraction.
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fruits (814 deaths per million adults, 95% CI 742 to
887), whole grains (768 per million adults, 95% CI 727
to 810) and nuts (462 deaths, 95% CI 417 to 510) were
observed in Egypt; the highest number of CMD deaths
attributable to low intake of seafood ω-3 fatty acids (621
per million adults, 95% CI 550 to 689) was observed in
Syria; and the highest number of CMD deaths attribut-
able to low intake of vegetables and beans (483 per
million adults, 95% CI 437 to 530) was observed in
Libya. The lowest number of CMD deaths attributable to
all dietary factors (except for unprocessed red meat) was
observed in Qatar.

CMD mortality attributable to metabolic and dietary risk
factors by age and sex
The number of CMD deaths due to dietary and metabolic
risk factors increased by age mainly due to the increase in
the number of CMD deaths in the older age groups.
However, the proportion of CMD deaths attributable to
these risk factors decreased by age. Nearly 50% of CMD
deaths due to metabolic and dietary risk factors occurred
before the age of 70. Among metabolic risk factors, non-
optimal total cholesterol had the highest proportion of
premature CMD deaths (61% of all cholesterol-
attributable deaths) and non-optimal fasting plasma
glucose had the lowest proportion of premature CMD
deaths (46%) (see online supplementary figure S11).
The proportion of CMD deaths due to BMI was

greater among women while no appreciable difference
was seen in CMD mortality due to other metabolic risk
factors (table 2). On the other hand, men consistently
had a slightly larger proportion of CMD deaths due to
most dietary factors.

Change in risk factor distributions, CMD mortality and
CMD burden due to risk factors between 1990 and 2010
During the 1990–2010 period, the adult population of
the Middle East and North Africa has increased by 94%
(from 115 914 968 to 224 905 818); the total number of
CMD deaths has increased by 58% (from 576 999 to
911 137); the number of CMD deaths per million adults
has decreased by 19%; and the age-specific CMD mortal-
ity decreased in all age groups. Among metabolic risk
factors, the regional mean of BMI has increased by 7%,
whereas the regional mean of other metabolic risk
factors has not changed significantly. Among protective
dietary factors, regional intakes of nut and seafood ω-3
fatty acids have increased by 16% and 13%, respectively,
while the whole grains consumption has decreased by
21%. Among harmful dietary factors, trans fat intake
and sodium intake increased by 20% and 7% while con-
sumption of processed meat and unprocessed red meat
was decreased by 5% and 6%, respectively (see online
supplementary figure S12). Furthermore, the CMD mor-
tality attributable to all metabolic risk factors has
decreased except for BMI, which has increased by 18%.
Similarly, CMD mortality attributable to all dietary
factors has decreased except for the high intake of trans

fat, which has increased by 10% (see online supplemen-
tary tables S2 and S3).

Sensitivity analyses
In a sensitivity analysis, change of optimal levels for SBP
(from 115 to 110 mm Hg), BMI (from 23 to 21 kg/m2),
fasting plasma glucose (from 5.3 to 4.9 mmol/L) and
total cholesterol (from 4.0 to 3.8 mmol/L) increased
the attributable mortality by 20–30%. Also, change of
optimal level for sodium from 2000 to 1000 mg/day
increased the attributable mortality by 30% (see online
supplementary figure 13).
To remove the contribution of differences in age struc-

ture, we standardised the number of CMD deaths attrib-
utable to each risk factor using the WHO standard
population.25 Age-standardisation increased the CMD
mortality due to all risk factors in all countries signifying
the relatively young population of the countries in 2010.
This increase was of larger magnitude in specific coun-
tries including Qatar, the UAE, Kuwait and Bahrain.
Additionally, we used the age-standardised proportional
mortality to remove the contribution of difference in
underlying CMD mortality. Using age-standardised pro-
portional mortality resulted in significant changes in
the relative CMD burden of risk factors across countries.
This sensitivity analysis provides an estimate of the
contribution of each risk factor to the between-country
heterogeneity of CMD burden independent of age struc-
ture and underlying country-specific CMD mortality.
However, we believe that non-standardised mortality
rates provide decision-makers in each country with a
better estimate of the true CMD burden of each risk
factor in their country based on the total CMD mortality
due to all risk factors and should be used for planning
prevention strategies in these countries.

DISCUSSION
We systematically evaluated and quantified the impact of
11 dietary and 4 metabolic risk factors on CMD mortal-
ity by age and sex in 20 countries of the Middle East
and North Africa in 1990 and 2010. Our results demon-
strate that suboptimal diet and high SBP were the
leading risk factors for CMD mortality accounting for
50–70% of CMD deaths in the countries of the region.
Non-optimal BMI and fasting plasma glucose were the
third and fourth leading risk factors for CMD mortality
in most countries. Among individual dietary factors, low
intake of fruits and whole grains were responsible for
the highest number of CMD deaths. Our investigation
also highlights key similarities and differences in CMD
burden due to these risk factors across countries and
informs evidence-based priorities for prevention strat-
egies as well as the subsequent implementation research
in the region.
An unhealthy lifestyle (eg, poor diet and physical

inactivity), poor detection and inadequate treatment are
the key contributors to the non-optimal levels of
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metabolic risk factors in this region.26–32 Additionally,
sociocultural changes including economic development,
urbanisation and modernisation have been shown to
contribute to this problem through the increased avail-
ability, affordability and consumption of unhealthful
foods and adoption of a sedentary lifestyle.6 14 33 34

Building on previous reports on the high prevalence of
metabolic risk factors in this region,6 35–39 our study
demonstrates the high CMD mortality due to these risk
factors in all countries of the region and highlights the
need for adoption and implementation of effective inter-
ventions to reduce the burden of these risk factors. Our
analysis also quantified the contribution of diet (ie, SSBs
and sodium) to the burden of metabolic risk factors and
highlighted the gap in knowledge about the contribu-
tion of other factors to the CMD burden of metabolic
risk factors.
Suboptimal diet is driven by a range of factors acting

at the individual level (eg, education, income and nutri-
tional knowledge), community level (eg, accessibility to
supermarket, and food availability at local stores) and
national level (eg, food and agricultural policies, food
marketing).40 As will be discussed further below, the
relative influence of each of these determinants varies
across individual dietary factors. For example, the FAO
food balance sheet data show that availability is a major
barrier to the adequate intake of fruits in this region.36

Although the per capita availability of fruits has
increased in the high and upper middle income coun-
tries of the region, it has decreased in the lower-middle
income countries of the region.36 Furthermore, the
amount of fruit available per person (∼200 g/day) is still
below the recommended level in most countries.41 This
is partly due to a lack of natural resources (eg, water and
fertile soil) which makes most countries of the region
food insufficient.38 41 However, some countries such as
Jordan have been able to increase fruit production by
adopting targeted agricultural policies.42 Furthermore,
our consumption data show that the true intake of fruits
(∼125 g/day) is much lower than the amount available
per person. This highlights the need for interventions to
improve the accessibility and affordability of fruits in the
countries of the region. Like fruits, although the per
capita availability of seafood has increased in most coun-
tries of the region over the past two decades, the
amount available per person is still low, particularly in
the lower-middle income countries.36 41 The FAO
Globefish Highlights report shows that fisheries and
aquaculture production is relatively underdeveloped in
the countries of the region, making them dependent on
and vulnerable to the global seafood market. In contrast
to fruits and seafood, low intake of whole grains seems
to be driven by factors other than availability. While the
per capita availability of cereal has increased in most
countries of the region over the past two decades, the
proportion of total energy derived from cereals has
decreased in the countries of the region.36 Furthermore,
the increase in the cereal consumption is mainly driven

by the increased level of refined grains.41 A recent
review on drivers of nutrition transition in this region
suggests that changes in food environment (eg,
increased availability of fast food restaurants and aggres-
sive food marketing), food price and lifestyle (eg, higher
participation of women in the workforce) which resulted
from urbanisation, modernisation and economic devel-
opment are the most important factors that contributed
to this shift.41

The WHO has recommended nine voluntary targets
for global non-communicable disease (NCD) prevention
and 25 indicators for monitoring the countries’ progress
towards these targets.43 While in this study we showed
that suboptimal diet is the leading risk factor for CMD
morality in most countries of the region, the WHO
recommendations only include one dietary target (30%
reduction in sodium intake) and five dietary indicators
(intake of fruits and vegetables, sodium and SFAs and
two dietary policy indicators including restricting mar-
keting of unhealthy products to children and trans fat
regulation).43 Furthermore, most countries of the region
have not adopted the basic national policies recom-
mended by the WHO.44 This clearly highlights the gap
in the WHO dietary recommendations for prevention of
NCDs in this region and underlines the urgent need for
revision of these recommendations. On the basis of our
findings, attention to dietary factors should be expanded
beyond the fruits and vegetables sodium and saturated
fat to other dietary factors (eg, whole grains, seafood ω-3
fats and nuts). Furthermore, considering the difference
in burden of dietary risk factors across the countries, the
priority setting for dietary interventions should be
nation specific.
Our analysis has several strengths. We focused on nation-

specific impacts of dietary and metabolic risk factors on
CMD informing national priorities for prevention strat-
egies. We obtained and used the most updated aetiological
effect sizes of diet–disease relationships. We assessed the
sensitivity of our results to various assumptions about the
optimal distribution of dietary and metabolic risk factors
by taking into account evidence from epidemiological
studies and the feasibility of achieving the optimal distribu-
tion at the population level. We accounted for heterogen-
eity in the current level of risk factors, effect of risk factors
on CMD mortality, and current cause-specific mortality by
country, age, sex and time.
Potential limitations should also be considered in the

interpretation of our findings. Dietary data were from
mixed sources including nationally representative
individual-level nutrition surveys and FAO food balance
sheets. As with all measures, assessment methods for diet
were not perfect. Also, nutrition data for five countries
(ie, Afghanistan, Bahrain, Iraq, Oman and Qatar) were
imputed based on the regional mean in each age-sex
group and country-specific covariates. Each of these
issues increases the statistical uncertainty in dietary mea-
surements. The major advantage of our study is that we
incorporated these sources of uncertainty into our
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analysis and quantified the overall UI for the mortality
estimates. We used RRs from meta-analyses of the obser-
vational studies that had adjusted for major confounders;
however, the possibility of residual confounding cannot
be excluded. In particular, correlation among diet factors
may affect our estimated aetiological effect for individual
dietary factors. To examine the magnitude of the residual
confounding due to correlation of dietary factors, we per-
formed three sensitivity analyses. First, using our esti-
mated aetiological effects of each individual dietary
factor, we computed the RR for combinations of dietary
factors and compared that with the RRs observed in pro-
spective cohort studies evaluating associations of overall
dietary patterns with incident CVD events. Second, we
compared our estimated RR with the RR estimated from
three randomised controlled feeding trials evaluating
effects of overall dietary patterns on CVD risk factors (ie,
DASH, DASH-sodium and OmniHeart).28 29 45 Third, we
compared our estimated RR with the RR from the
PREDIMED trial, a large randomised clinical trial evaluat-
ing effects of an overall dietary pattern on the incidence
of CVD.46 These sensitivity analyses demonstrated that
our estimated RRs corresponded very closely to the
observed RRs, confirming that our RRs are not substan-
tially affected by correlation of dietary factors.21 We used
the joint population attributable fraction to estimate the
number of CMD deaths attributable to the combined
effect of dietary factors and assumed that the intakes of
individual dietary factors were independent within each
country-age-sex group. This could overestimate the CMD
burden of suboptimal diet. On the other hand, the CMD
burden of suboptimal diet might be underestimated in
this study due to measurement error and adjustment for
potential mediators (eg, blood pressure, BMI, blood
lipids). In addition, we focused on CMD mortality, while
dietary and metabolic risk factors would increase the risk
of specific cancers as well. Thus, our estimates might be a
conservative estimate of the burden of disease due to
these risk factors at the regional or country level.
In summary, we found that metabolic and dietary risk

factors were major contributors to CMD mortality in
countries of the Middle East and North Africa; however,
their relative importance varied across countries. Our
findings inform the need for adoption, implementation
and evaluation of evidence-based national government
policies to improve diet and prevent CMD in countries
of the region.
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