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Abstract 

Background:  Obesity is a global health priority, particularly in developing countries. The preventive effect of bariatric 
surgery against obesity-related diseases in the developing countries of the Middle East and North Africa region, where 
type 2 diabetes mellitus (T2DM), hypertension (HTN), and dyslipidemia prevail, has not been examined.

Method:  Severely obese participants who underwent bariatric surgery were compared with their counterparts who 
underwent no intervention. These patients had been followed up in two prospective cohort studies for three years. 
We here determined the incidence of new-onset T2DM, HTN, and dyslipidemia and reported absolute and relative 
risks for the incidence of these comorbidities in the two groups.

Results:  In this study, 612 participants in the bariatric surgery group were compared with 593 participants in the 
control group. During the follow-up period, T2DM developed in eight (2.9%) people in the surgery group and 66 
(15.0%) people in the control group (P < 0.001). New-onset HTN and dyslipidemia showed significantly lower fre-
quencies in the surgery group compared to the control group (4 (1.8%) vs. 70 (20.4%) and 33 (14.3%) vs. 93 (31.5%), 
respectively). Regarding a less favorable metabolic profile in the surgery group at the baseline, the relative risk reduc-
tions associated with bariatric surgery were 94, 93, and 55% for the development of T2DM, HTN, and dyslipidemia, 
respectively.

Conclusion:  The risk reduction of obesity-related comorbidities after bariatric surgery should be considered in the 
decision-making process for public health in the region, which bariatric surgery could result in the prevention of 
comorbidities.

Keywords:  Bariatric surgery, Diabetes, Hypertension, Dyslipidemia

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
Obesity is the second leading cause of preventable pre-
mature death [1]. Mean worldwide body mass index 
(BMI) is steadily on the rise, and current trends predict 
that 20% of the global population will be classified as 
obese by 2030 [2]. In Iran, obesity prevalence is 15.6% in 
men and 30.4% in women, and the rate of severe obesity 
among Tehranian men and women, with an increasing 
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trend, reached 4.5% and 10.9% in 2016, respectively. 
[3, 4]. Obesity is an established risk factor for overall 
all-cause mortality and obesity-related comorbidities, 
including type 2 diabetes mellitus (T2DM), hypertension 
(HTN), and dyslipidemia [5, 6].

Therapeutic options for severe obesity include non-
surgical treatments and bariatric surgery. The non-sur-
gical approach usually encompasses a multicomponent 
strategy comprising behavioral therapy, dietary rec-
ommendations, increased physical activity, and phar-
macotherapies, which often fails [7, 8]. Notable recent 
studies, however, indicate that pharmacological therapy 
for optimal weight loss in overweight or obese patients 
offers promising results [9–11]. Compared with the non-
surgical treatment of obesity, bariatric surgery offers a 
safe, efficient, and permanent approach for weight loss 
and delivers higher remission rates for T2DM and meta-
bolic syndrome [8, 12, 13]. Compared to non-surgical 
and pharmaceutical treatments, bariatric surgery has 
shown protective effects against obesity-related diseases, 
which is related to significant weight loss and physiologi-
cal changes [14]. A recent meta-analysis reported that 
bariatric surgery was associated with the relative risk 
reductions of 61%, 64%, and 77% for the development of 
T2DM, HTN, and dyslipidemia, respectively; however, 
the number of studies was insufficient in the recent meta-
analysis, and all the studies included had been conducted 
in developed countries [15]. To our knowledge, no study 
has examined the preventive effects of bariatric surgery 
against obesity-related diseases in the developing coun-
tries located in the Middle East and North Africa region 
(MENA), where T2DM, HTN, and dyslipidemia prevail 
and people have less tendency for bariatric surgery com-
pared to other communities [16, 17]. In this cohort study, 
we examined the preventive effects of bariatric surgery 
against obesity-associated T2DM, HTN, and dyslipi-
demia over a mid-term follow-up.

Methods and materials
Study design and participants
In this study, we prospectively investigated the inci-
dence of new-onset comorbidities in two cohorts of 
people living in Tehran during a specific period of time. 
As the control group, individuals with severe obesity 
and over 18  years of age were included from a popula-
tion-based cohort, the Tehran Lipid, and Glucose Study 
(TLGS). As the surgery group, individuals with severe 
obesity and over 18 years of age participating in another 
ongoing cohort, the Tehran Obesity Treatment Study 
(TOTS), who underwent bariatric surgery for the first 
time were included. All the individuals selected from 
the two studies were in the same time period and lived 
in the same state. Those who were under treatment with 

glucocorticoids were excluded. Patients who initially had 
all three T2DM, HTN, and dyslipidemia were excluded. 
In order to evaluate the incidence of one comorbidity, 
patients who did not initially have it in each group were 
followed up. Therefore, the sum of participants without 
one comorbidity is greater than the total number because 
some patients may have two comorbidities from the 
beginning. The participant selection process in the two 
groups has been illustrated in Fig. 1.

TLGS
TLGS is a prospective study initiated in 1999 as a large-
scale community-based study aiming to determine the 
prevalence of non-communicable disease risk factors in 
a representative sample of the residents of District 13 of 
Tehran, the capital city of Iran. Its data are collected pro-
spectively at 3-year intervals. The sampling and follow-
up methods have been described previously [18]. Among 
11,025 eligible individuals entering phase V of the study 
(2011–2014) and continuing to phase VI (2015–2018), 
after applying the exclusion criteria, 593 people with 
a mean age of 49.0 years and a BMI of 38.6 kg/m2 were 
finally selected.

TOTS
TOTS is an ongoing single-institution prospective study 
initiated in March 2013, in which the participants under-
going a bariatric procedure based on an individualized 
clinical decision plan are registered. The participants 
entering TOTS are referred to one of three university-
affiliated hospitals for clinical assessments and surgical 
procedures. All TOTS participants undergo bariatric sur-
gery, including sleeve gastrectomy (SG), one-anastomosis 
gastric bypass (OAGB), and Roux-en-Y gastric bypass 
(RYGB). More information regarding the study’s protocol 
is available elsewhere [19]. Out of 4640 eligible individu-
als, we finally included 612 participants from March 2013 
to March 2019, with a mean age of 39.2 years and a BMI 
of 45.0 kg/m2 (364 cases of SG, 210 cases of OAGB, and 
38 cases of RYGB).

The incidence of new-onset T2DM in both surgical and 
control groups was evaluated in participants who did not 
have T2DM at baseline (272 vs. 440). Also, participants 
without HTN (224 vs. 343) and dyslipidemia (230 vs. 295) 
at the beginning of the study were evaluated for the inci-
dence of new-onset HTN and dyslipidemia.

The Ethics Committee of Research Institute for Endo-
crine Sciences, Shahid Beheshti University of Medical 
Sciences, Tehran, Iran, approved all procedures concern-
ing human participants (IR.SBMU.ENDOCRINE.REC. 
1400.050). This study was performed in accordance 
with the ethical standards of the Declaration of Helsinki 
(1964) and its later amendments or comparable ethical 
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guidelines. Written informed consent was obtained from 
all the participants included in the study.

Clinical and biochemical measurements
The details of data collection (demographic, labora-
tory, and clinical) at the baseline and follow-ups in the 

two cohort studies (i.e., TLGS and TOTS), which fol-
lowed a somewhat similar process, have been precisely 
described [18, 19].

Selection Process

TLGS

N = 20465

TOTS

N = 5028

Aged≥ 18 in phase V (2012–2015)

N = 11025

Aged≥ 18, underwent surgery (March 2013 to 2018)

N = 4640

Excluded: BMI< 35

N = 10021

Excluded: Lost of follow up

N = 189

Excluded: Having all three 
comorbidities (T2DM, HTN 
and dyslipidemia)

N = 103

Excluded: Using glucocorticoids at 
baseline

N = 119

Excluded: BMI< 35

N = 101

Excluded: Lost of follow up

N = 2920

Excluded: Having all three 
comorbidities (T2DM, HTN 
and dyslipidemia)

N = 831

Excluded: revisional surgery
and glucocorticoids consumers

N = 176

Participants selected as control group 

N = 593

Participants selected as surgery group 

N = 612

Including participants:

● No T2DM            N = 440

● No HTN               N = 343

● No Dyslipidemia    N = 295

Including participants:

● No T2DM            N = 272

● No HTN               N = 224

● No Dyslipidemia    N = 230

Fig. 1  The participant selection process for the surgery and control groups
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Definitions of terms
Type 2 diabetes mellitus was defined based on the 
American Diabetes Association’s criteria as having 
either fasting plasma glucose (FPG) levels ≥ 126  mg/
dL, 2-h plasma glucose (2-hPG) ≥ 200  mg/dL, or 
HbA1c > 6.5% or being under treatment with hypo-
glycemic drugs [20]. HbA1c was not available for the 
participants of TLGS, hence FPG and 2-hPG lev-
els were utilized; for the surgical group selected from 
TOTS, laboratory FPG and HbA1c data were available, 
which we used to diagnose T2DM. Regarding HTN, 
the subjects who had systolic BP levels higher than 
140 mmHg or diastolic BP levels of 90 mmHg or con-
sumed antihypertensive medications were considered 
hypertensive [21]. Dyslipidemia was defined as either 
TC > 240 mg/dL, HDL < 40 mg/dL, TG > 200 mg/dL, or 
LDL > 160 mg/dL or being under treatment with lipid-
lowering drugs [22].

Statistical procedures
All normally-distributed continuous variables were 
expressed as mean ± standard deviation (SD). Otherwise, 
skewed continuous variables were reported as the median 
and interquartile range (IQR) 25–75%. Baseline categori-
cal variables were expressed using frequency (percent-
age). Differences in various characteristics between the 
control and surgery groups were tested using the inde-
pendent sample t-test, Mann–Whitney U test, and chi-
square test for normal, skewed, and categorical variables, 
respectively. To assess possible differences between the 
study groups, binary logistic regression was applied. Pos-
sible confounders (age, sex, BMI, and a family history of 
T2DM at the baseline) were included in the model. All 
statistical analyses were performed using STATA version 
12 (STATA, College Station, TX, USA); the significance 
level was set at P < 0.05 (two-tailed).

Results
Participants with severe obesity were enrolled from two 
cohort studies (i.e., TOTS that was the source for the 
surgery group’s participants and TLGS that provided 
the participants of the control group). Baseline char-
acteristics of participants in the surgery and control 
groups have been demonstrated in Table 1. Female par-
ticipants constituted 503 (82.2%) in the surgery group 
and 468 (78.9%) in the control group. Anthropometric 
parameters, including weight, BMI, and waist, and hip 
circumferences, were significantly higher in the sur-
gery group. Baseline characteristics of participants in 
the surgery and control groups based on the absence of 
T2DM or HTN or dyslipidemia at baseline have been 
demonstrated in Additional file 1: Table S1.

The median durations of the follow-up in the sur-
gery and control groups were 3.63 (2.82–5.08) and 3.21 
(2.93–3.69) years, respectively. Anthropometric meas-
ures showed significant variations between the groups 
at the follow-up (P < 0.001). In the surgery group, 
weight and BMI reached from 119.8 (20.1) kg and 
45.0 (6.0) kg/m2 to 81.9 (14.2) kg and 30.8 (4.6) kg/m2, 
respectively, whereas in the control group, they reached 
from 96.55 (15.6) kg and 38.56 (3.5) kg/m2 to 95.9 
(17.0) kg and 38.0 (4.7) kg/m2, respectively. New-onset 
comorbidities in the participants of the two groups 
during the follow-up have been shown in Fig. 2. During 
the follow-up, T2DM developed in 8/272 (2.9%) partic-
ipants of the surgery group (3 patients with consuming 
medications and 5 patients with impaired HbA1C and 
FPG) and 66/440 (15.0%) participants of the control 
group (35 patients with consuming medications and 9 
patients with impaired 2-hPG and FPG and 22 patients 
with impaired 2-hPG or FPG). (New-onset HTN and 
dyslipidemia were significantly lower in the surgery 
group vs. the control group (4/224 (1.8%) vs. 70/343 
(20.4%) and 33/230 (14.3%) vs. 93/295 (31.5%), respec-
tively). There was no significant difference between the 
three types of surgical methods regarding the incidence 
of new-onset comorbidities.

Absolute risk (AR) and relative risk (RR) for new-onset 
comorbidities have been reported in Table 2. The partici-
pants undergoing surgery compared to the control group 
had a lower overall risk for new-onset T2DM (AR = 2.9% 
vs. 15.0%; absolute risk reduction (ARR) = 12.0% [95% 
CI: 8.1–15.9%]; adjusted-RR = 0.06 [95% CI: 0.02–0.17]), 
HTN (AR = 1.7% vs. 20.4%; ARR = 18.6% [95% CI: 14.2–
23.2%]; adjusted-RR = 0.07 [95% CI: 0.02–0.22]), and dys-
lipidemia (AR = 14.3% vs. 31.5%; ARR = 17.1% [95%CI: 
10.2–24.1%]; RR = 0.45 [95%CI: 0.26–0.78]). According 
to ARR, the “number need to treat” (NNT) for T2DM, 
was estimated at 8 (95% CI, 6–12), indicating that by sur-
gery of 8 cases, 1 case of T2DM would be treated; also 
NNT for HTN, and dyslipidemia was estimated at 5 (95% 
CI, 4–7) and 5 (95% CI, 4–9), respectively.

Discussion
In this prospective study on the severe obese individuals 
taking part in two population-based cohorts (.e., TLGS 
and TOTS), the participants who underwent bariatric 
surgery had significantly lower probability to develop 
T2DM, HTN, and dyslipidemia compared to the control 
(receiving no intervention) subjects over a mid-term fol-
low-up period. According to the NNT in our study, bari-
atric surgery, compared to non-surgical interventions, 
resulted in the treatment of one out of eight patients with 
T2DM, five patients with HTN, and five patients with 
dyslipidemia. The relative risk reductions associated with 
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bariatric surgery were 94, 93, and 55% for the develop-
ment of T2DM, HTN, and dyslipidemia, respectively.

The metabolic health status in the people living in the 
MENA region is unsatisfactory due to physical inactiv-
ity and unhealthy diets; more than one in every three 

women are obese in most countries of the region [16]. 
The MENA region harbored the highest global preva-
lence of T2DM (12.2%) in 2019 [23]. Over the past three 
decades, unlike European high-income countries where 
T2DM rates have been stable, the incidence of this con-
dition has almost doubled in the MENA region, even 
in its high-income countries [16, 24]. The prevalence of 
HTN in this region was also higher than the rest of the 
world between 1975 and 2015 [25]. Accordingly, in recent 
years, metabolic status and morbid obesity have shown 
deteriorating and soaring trends among Iranian aging 
men and women [4]. According to the WHO, only 38% 
of disease preventive programs in the MENA region have 
been successfully implemented [13], demanding immedi-
ate attention to health sectors in the region to effectively 
implement preventive strategies and maintain optimal 
metabolic health.

Bariatric surgery provides a sustainable and beneficial 
treatment for weight loss and improving obesity-related 
diseases, especially in regions with the highest burden of 
metabolic risk factors [8, 12]. In our study, the incidence 

Table 1  Baseline Characteristics of Study Participants

BMI body mass index, FPG fasting plasma glucose, 2-hPG 2-h plasma glucose, T2DM type 2 diabetes mellitus, BP blood pressure, HTN hypertension

Data are presented as mean ± SD or n (%) except triglycerides which are presented as median (IQ 25–75)

Characteristic Surgery group
N = 612

Control group
N = 593

P value

Female n (%) 503 (82.2) 468 (78.9) 0.152

Age (year) 39.2 ± 10.9 49.0 ± 13.3  < 0.001

Weight (kg) 119.8 ± 20.1 96.5 ± 15.5  < 0.001

BMI (kg/m2) 45.0 ± 6.0 38.5 ± 3.5  < 0.001

 BMI < 40, n (%) 106 (17.3) 434 (73.2)  < 0.001

 BMI 40–50, n (%) 407 (66.5) 155 (26.1)

 BMI > 50, n (%) 99 (16.2) 4 (0.7)

Waist circumference (cm) 123.4 ± 13.9 113.4 ± 10.2  < 0.001

Hip circumference (cm) 135.8 ± 12.6 116.3 ± 8.3  < 0.001

FPG (mg/dl) 106.5 ± 32.5 101.5 ± 18.3 0.001

HbA1c % 5.6 ± 1.0 NA NA

2-hPG (mg/dl) NA 123.1 ± 38.5 NA

Impaired fasting glucose n (%) 223 (48.6) 217 (43.4) 0.108

T2DM n (%) 123 (21.4) 84 (14.7)  < 0.001

Systolic BP (mm Hg) 123.9 ± 13.9 125.3 ± 18.3 0.123

Diastolic BP (mm Hg) 79.5 ± 8.8 82.1 ± 10.6  < 0.001

HTN, n (%) 169 (29.1) 245 (41.5)  < 0.001

Total cholesterol (mg/dl) 190.1 ± 36.4 198.8 ± 38.1  < 0.001

Triglycerides (mg/dl) 138.0 (102.0–181.2) 148.0 (112.0–192.5) 0.006

HDL cholesterol (mg/dl) 49.4 ± 12.4 48.3 ± 11.4 0.112

LDL cholesterol (mg/dl) 109.9 ± 32.3 118.0 ± 33.1  < 0.001

Dyslipidemia n (%) 274 (47.4) 295 (49.8) 0.406

Never smoking n (%) 483 (83.7) 525 (89.3) 0.003

Family history of T2DM n (%) 218 (47.7) 69 (11.8)  < 0.001
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Fig. 2  The incidence rates of new-onset comorbidities in the 
participants at the end of the follow‑up period (p-value < 0.001 for all 
comorbidities)
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rates of new-onset T2DM, HTN, and dyslipidemia in 
the participants undergoing bariatric surgery were 2.9%, 
1.8%, and 14.3%, respectively. The incidence of new-onset 
T2DM after bariatric surgery in previous studies has 
been reported between 0.4 and 9.7%, which was consist-
ent with our finding [26–28]. In Swedish Obese Subjects, 
T2DM developed in 392 participants in the control group 
and in 110 in the bariatric-surgery group, corresponding 
to incidence rates of 28.4 cases per 1000 person-years 
and 6.8 cases per 1000 person-years, respectively [29, 30]. 
Studies on the incidence of new-onset HTN and dyslipi-
demia after bariatric surgeries are infrequent, reporting 
ranges from 3.1 to 5.6% and from 2.1 to 6.8%, respec-
tively [22, 26, 31]. In this investigation, the incidence 
of new-onset comorbidities after bariatric surgery was 
not significantly different between the types of surgical 
procedures. On the other hand, the incidence rates of 
T2DM, HTN, and dyslipidemia in the non-surgical group 
were 15.0%, 20.4%, and 31.5%, respectively, ringing the 
alarm bell. These incidence rates of obesity-related dis-
eases observed here in people with severe obesity receiv-
ing no therapeutic intervention were clearly higher than 
those reported in previous studies [22, 26–28, 31, 32], 
which is a reminder of the unfavorable metabolic status 
of populations in the MENA region.

Bariatric surgery seems to be effective in preventing 
obesity-related diseases, including T2DM, HTN, and 
dyslipidemia. Also, the relative risk reductions asso-
ciated with bariatric surgery were 94, 93, and 55% for 
the development of T2DM, HTN, and dyslipidemia, 
respectively. Similarly, a study in Norway compared 
the preventive effects of bariatric surgery and pharma-
ceutical treatments against obesity-related comorbidi-
ties, reporting the relative risk reductions of 93, 60, and 
70% for T2DM, HTN, and dyslipidemia, respectively 
[14]. In a recent meta-analysis, the risk reduction rates 
of T2DM, HTN, and dyslipidemia were reported 61, 
64, and 77%, respectively [15]. The preventive effect 
of bariatric surgery against obesity-associated comor-
bidities was more pronounced in our study compared 
to previous studies. This difference can be attributed 
to the fact that the control group’s participants in our 
study did not receive any treatment while control sub-
jects in similar studies had been medically managed. 
As well, various surgical procedures, variable follow-
up durations, and the low access of people with severe 
obesity to health facilities in developing countries com-
pared to developed countries can explain this differ-
ence. Based on these findings, bariatric surgery seems 
to be effective in reducing obesity-related comorbidi-
ties and long-term all-cause mortality [15]. Regarding 
the unsatisfactory metabolic status of severely obese 

people receiving no therapeutic interventions in our 
population, it is advisable to implement informative 
programs for severely obese patients at risk of associ-
ated comorbidities for considering bariatric surgeries. 
It should be noted that recent studies have revealed 
that some pharmacological treatments, in addition to 
having a significant influence on weight loss, also have 
a positive effect on improving glycemic status [33, 34]. 
In developing countries with limited access to bariatric 
surgery, clinical studies can be conducted to assess the 
efficacy of these medications in morbidly obese individ-
uals at high risk of developing T2DM. 

Mechanisms for preventing T2DM after bariatric 
surgery are probably similar to those behind T2DM 
remission and can be summarized in four pathways. 
The first is to alter the secretion of hormones such as 
glucagon-like peptide 1, gastric inhibitory peptide, 
ghrelin, and glucagon [35, 36]. The second mechanism 
is related to the histological and anatomical changes 
caused by hepatic and pancreatic lipid content changes 
[37, 38]. Changes at cellular and molecular levels, such 
as inflammatory markers and gene expression, can 
be regarded as the third mechanism [39]. Finally, gut 
microbiome changes can be associated with decreased 
lipopolysaccharide and lipopolysaccharide-binding 
protein levels and altered glucose metabolic rate [40]. 
The remission and prevention of HTN after bariatric 
surgery can be attributed to weight control and mod-
ulation of hormonal mechanisms [41]. The elevation 
of serum nitric oxide and improvement of endothelial 
vasomotor function and aortic elasticity are some other 
explanations noted in previous studies [42–44].

Our study has several strengths and limitations. To 
the best of our knowledge, our retrospective study on 
two population-based cohorts with a mid-term follow-
up was the first report concerning the preventive effects 
of bariatric surgery against obesity-related diseases in a 
developing country in the MENA region. The current 
study has fourth noteworthy limitations. First, the small 
number of patients with new-onset comorbidities at 
the end of the follow-up may reduce the accuracy of the 
calculated risks. Second, no data was available on the 
participants’ nutritional and social status and physical 
activities for the surgery group. Third, lack of treatment 
control group, which would be considered that the peo-
ple participating in the TLGS are more conscious of 
their health status than the overall population. Fourth, 
T2DM was defined differently in the two groups (in 
TOTS with HbA1c or FPG or medication; TLGS with 
2-hPG or FPG or medication), which was likely to affect 
the different incidence of T2DM in both groups. 
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Conclusion
Among participants with severe obesity, bariatric surgery 
was associated with a clinically meaningful reduction in 
the risk of new-onset T2DM, HTN, and dyslipidemia com-
pared to a control group. The key role of bariatric surgery 
in reducing the risk of obesity-related comorbidities should 
be considered in the decision-making process for public 
health in Iran and other countries in the MENA region. 
Due to the undesirable metabolic status of the people living 
in this region and the preventive role of bariatric surgery 
in developing obesity-related diseases, it is suggested that 
clinical trials be designed to evaluate the affordability and 
cost–benefit of bariatric surgery for patients with BMI less 
than 35 kg/m2 in the countries of MENA region.
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