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Abbreviations: T2DM, type 2 diabetes mellitus; WHO, 
world health organization; Lep, leptin; FPG, fasting plasma glucose; 
HbA1c, glycosylated hemoglobin; SBP, systolic blood pressure; DBP, 
diastolic blood pressure; WC, waist circumference; BMI, body mass 
index; p, probability; r, correlation coefficient; F, degree of freedom; 
µg, microgram; mg, milligram; M, meter; FPG, fasting plasma 
glucose; WAT, white adipose tissue; BAT, brown adipose tissue

Introduction
Adipose tissue is a complex network of endocrine organs that has 

been divided into white adipose tissue (WAT) and brown adipose tissue 
(BAT) Hahn et al.1 Approximately one-third of WAT is adipocyte 
related Geloen et al.2 Although the primary function of the adipose 
tissue is to store fat, energy storage, and insulation Hahn et al.,1 they 
also function as endocrine cells that release numerous regulatory 
molecules -collectively known as adipocytokines- such as Lep Champe 
et al.3 Lep means (leptos=„thin‟) in Greek. It was discovered in mice 

in 1994 by Jeffrey M. Friedman Williams et al.4 It is a polypeptide 
hormone composed of 167 amino acids, of 16 kDa, encoded by 
the obese gene Zhang et al.5 and expressed in white adipose tissue 
Bluher et al.6 Synthesis and secretion is by gastric chief cells in the 
stomach Bado et al.,7 but a higher amount is secreted by subcutaneous 
adipocytes than by the visceral adipocytes Van Harmelen et al.8 
Functions of Lep include the regulation of energy balance De Vos et 
al.,9 reproduction, immunity Caldefie-Chezet et al.,10 and also as a pro-
inflammatory factor Lago et al.11 Moreover, Lep is involved in glucose 
and lipid metabolism, angiogenesis, blood pressure regulation, bone 
mass formation Housa et al.12 The circulating Lep reflect the degree of 
adiposity and its release from adipocytes signals to the brain to trigger 
the suppression of food intake and to boost energy expenditure, thus 
Lep is serving as an “adipostat” Rosen et al.13 Lep levels range from 
5 to 10 ng/ml in healthy individuals and from 40-100 ng/ml in obese 
individuals Howard et al.14 Moreover, circulating Lep levels are 
positively correlated with fat mass Mantzoros et al.,15 or BMI Ruhl 
et al.16
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Abstract

Introduction: The high prevalence of type 2 diabetes mellitus was associated with an 
increase in WC, BMI, and therefore obesity in the Sudanese population which may be due 
to low physical activity and absence of routine exercises. Because there is little data on the 
metabolic effects of adipocytokines leptin (Lep) in the diabetic Sudanese population this 
study aims to find the association of Lep and obesity with increased risk of type 2 diabetes 
mellitus. A case-control study was made at Abu A‟gla health center for diabetic care at Wad 
Madani, Gezira State, Sudan, during the period of April 2012-March 2013. A total of one 
hundred eighty-one were enrolled in the study, participants divided into diabetic and non-
diabetic groups to estimate the levels of Lep, fasting plasma glucose (FPG), and HbA1c. 
A questionnaire including personal information was filled as well as anthropometric and 
biochemical measures. Venous blood was collected after an overnight fast. Statistical 
analysis was carried out using a statistical package for social sciences (SPSS version 16, 
Chicago, IL, USA).

Method: Samples were analyzed for different biochemical parameters, using A15, a random 
access auto-analyzer biosystem. Lep was measured by ELIZA according to the method of 
the human leptin ELISA kit. This kit allows the determination of Lep concentration in 
human serum, plasma, and other biological fluids.

Result: Analysis of variance (ANOVA) revealed that mean FPG and HbA1c concentration 
in the diabetic group were increased significantly than that in the non-diabetic group; 
F=(8,250)=(p=<0.0001) and F=(2.933) (p=0.056). Correlation analysis revealed that FPG 
and HbA1C had strong positive significant correlation with Lep concentration (r=0.198**, 
p=0.007) at 0.05 and (r=0.153*, p=0.040) at 0.01 respectively. WC and BMI mean was 
(98.06) and (29.01) respectively.

Conclusion: The main finding in this study was that; the Sudanese participants with type 2 
diabetes had a normal mean concentration of adipocytokines Lep (6.9813ug/L) compared 
to the standard values. FPG, HbA1c, and Lep in the diabetic group had a significant mean 
concentration (<0.0001), (<0.0001), and (0.056) respectively compared with the non-
diabetic group. FPG and HbA1c had a strong positive significant correlation (p=0.007) and 
(p=0.040) respectively with Lep concentration. BMI and WC had no significant correlation 
with Lep concentration.

Keywords: leptin, type 2 diabetes mellitus, BMI, WC, Sudan

Journal of Diabetes, Metabolic Disorders & Control

Clinical Paper Open Access

https://creativecommons.org/licenses/by-nc/4.0/
https://crossmark.crossref.org/dialog/?doi=10.15406/jdmdc.2021.08.00222&domain=pdf


Relationship of leptin hormone with body mass index and waist circumference in type 2 diabetes and 
non-diabetes in Sudanese

55
Copyright:

©2021 Mohamed et al. 

Citation: Mohamed NA, Abdelllah BEE, Ismaeel AAM, et al. Relationship of leptin hormone with body mass index and waist circumference in type 2 diabetes 
and non-diabetes in Sudanese. J Diabetes Metab Disord Control. 2021;8(2):54‒58. DOI: 10.15406/jdmdc.2021.08.00222

According to the World Health Organization statistics, the 
prevalence of obesity worldwide is 400 million people with a 
projected increase to 700 million by 2015 WHO17 and 1.5 billion 
will become overweight Ries et al.18 The prevalence of obesity was 
doubled between the years 1980-2014 Islam et al.19 The increase in 
BMI reflects the degree of obesity and it is used to classify overweight 
and obesity WHO.20 Body mass index (BMI) is defined as a person’s 
weight in kilograms divided by the square of his height in meters 
(kg/m2) WHO.20 It ranges from 19.5-25.5 in healthy individuals 
and from 25-29.9 in overweight individuals and greater than 30 for 
obese individuals Champe et al.3 Overweight and obesity are defined 
as abnormal or excessive fat accumulation that may impair health 
WHO.20 WC values are used to denote risk of metabolic disease 
in relation to BMI. Waist circumference (WC) is the measurement 
made at the approximate midpoint between the lower margin of the 
last palpable rib and the top of the iliac crest Farooq et al.21 The cut-
off values for men is >102 cm and for women is >88 cm Schuster.22 
The main cause of developing obesity is decreased physical activity 
and increase caloric intake and/or little energy expenditure besides 
the genetic tendency James.23 The outcome is marked changes in the 
secretory functions of adipocytes, macrophages, and pre-adipocytes 
leading to chronic low-grade inflammation and an increased risk to 
develop insulin resistance, diabetes, and vascular disease Iacobellis et 
al.,24 by secretion of set of adipocytokines such as Lep and adiponectin 
Trujillo et al.25

The secretary function of adipose tissues is not merely for the 
production of physiological functional molecules but also the increase 
or decrease in their concentrations leads to pathological states Ross.26 

These adipocytokines have been linked to the development of 
diabetes mellitus in case of increase Lep concentration Lindsay et al.27 
Diabetes mellitus is one of the common chronic diseases in the Sudan 
with a prevalence of 447,000 in 2000, and this prevalence is projected 
to increase in 2030 to reach 1,227,000 WHO.28 The prevalence of 
T2DM in the Sudanese population is 3.4%, and T2DM accounts for 
75% of all diagnosed cases in northern parts of Sudan in 1996 Elbagir 
et al.29 Insulin is a positive regulator of Lep and it can modulate Lep 
production and increases its gene expression to suppress appetite 
Yamauchi et al.30 On the other hand, Lep is thought to affect insulin 
action in other tissues and having a role on obesity-induced insulin 
resistance Hansen et al.31

Material and methods
Study Subject, design and area: This study was a cross-sectional 

case-control study. A total of 181 adults of both sexes were included 
in the study. Among them 100 were diagnosed type 2 diabetic and 
81 participants who were apparently healthy, enrolled as control 
group or (non-diabetic). The participants were from rural and urban 
areas around Wad Madani city, they get their health services from 
Abu A‟gla health center. The duration of the study was from April 
2012-March 2013.

Inclusion and exclusion criteria: Participants who were included 
in this study were in the age range between 18 and 60 years with 
no current infection and without diabetes complications. Apparently 
healthy individuals who were agreed to participate were enrolled as 
non-diabetic group. Subjects were excluded if they do not meet any of 
the inclusion criteria.

Ethical approval: An ethical approval for the study was obtained 
from the Ethics Committee, ministry of health.

Study procedure: Information on bio data and anthropometric 
measures were obtained from all patients and non-diabetic subjects 
after informed consents were obtained (weight was measured in 
kilogram (kg) and heights in meter (m) and then the body mass 
index (BMI) was calculated applying the formula: BMI=(weight in 
kg)/(height in m)2 Ng M et al.32 Plasma samples were analyzed for 
different biochemical parameters, using A15, a random access auto-
analyzer bio system. Lep was measured by ELIZA according to the 
method of human leptin ELISA kit. This kit allows the determination 
of Lep concentration in human serum, plasma and other biological 
fluids.

Statistical analysis: Statistical analysis was carried-out using 
statistical package for social sciences (SPSS version 16, Chicago, 
IL, USA). All the numerical data were expressed as mean ± Standard 
Error of Mean. Chi-square test was used to calculate the percentage of 
distribution of study participants. Differences in means of continuous 
variables between the study groups were compared using Analysis 
of variance (ANOVA). Correlation analysis was used to measure the 
strength of the association between two numerical variables. P-values 
were considered significant at 0.05 or lower (p≤0.05).

Results
100(55.2%) of study participants were diabetic and 81(44.8%) 

were non-diabetic. 128(70.7%) of study participants were female 
and 53(29.3%) were male Table 1. 16(8.8%) of male and 112(61.9%) 
of female had increased WC. Only 45(24.9%) of study participants 
were in normal BMI, 70(38.7%) were overweight and 65(36%) 
were obese. Physical activity was moderate in 109(60.2%) of study 
participants Table 2. 88(48.6%) of study participants had high FPG 
level and 44(24.3%) showed poor HbA1C control. 135(74.6%) with 
normal Lep level and only 1(0.6%) had high Lep concentration 
Table 3. Comparison of mean in ANOVA analysis revealed that WC 
mean had non-significant increased (98.06) and by calculating BMI, 
the mean was (29.01) indicating that the study participants were 
overweight. Comparing the mean concentration of FPG and HbA1c in 
diabetic and non-diabetic group revealed significant increase in their 
concentrations; F=(8,250)=(p=<0.0001) and F=(2.933) (p=0.056) 
respectively Table 4.

When we used Pearson‟s correlation analysis to measure the extent 
of the association between the measured variables age, WC, BMI, 
Physical activity, FPG, HbA1C and Lep concentration, it revealed 
that, age had marginal positive significant correlation (r=0.140, 
p=0.061) with Lep concentration. WC, BMI and physical activity had 
no correlation with Lep concentration. FPG and HbA1C had strong 
positive significant correlation with Lep concentration (r=0.198**, 
p=0.007) at 0.05 and (r=0.153*, p=0.040) at 0.01 respectively Table 5.

Table 1 Diabetic and non-diabetic groups as well as gender

Variables Frequency Percent %

Group Diabetic 100 55.2

Non-diabetic 81 44.8

Gender Male 53 29.3

Female 128 70.7
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Table 2 Characteristic of WC, BMI and physical activity of the study 
participants

Variables Characteristic Frequency Percent %

WC(cm) Male<=102 37 20.4

Male>102 16 8.8

Female<=88 16 8.8

Female>88 112 61.9

BMI (kg/
m2) under weight (BMI<18.50) 1 0.6

Normal (BMI 18.50-24.99) 45 24.9

Overweight (BMI 25-29.99) 70 38.7

Obese class I (BMI 30-34.99) 36 19.9

Obese class II (BMI 35-39.99) 22 12.2

Obese class III (BMI=>40.00) 7 3.9

Physical 
activity Low 29 16

Moderate 109 60.2

High 43 23.8

Table 3 Biochemical measurement of the study participants

Variables Characteristic Frequency Percent %

FPG (mg/dl) Low <75 14 7.7

Normal 75-115 79 43.6

High >115 88 48.6

HbA1c (%) Excellent <6.5 105 58

Good 6.5-7.5 12 6.6

Moderate 7.5-8.9 20 11

Poor >=9 44 24.3

Lep (ug/L) Low <0.3 45 24.9

Normal 0.3- 8 135 74.6

High >8 1 0.6

Table 4 One way ANOVA

Variables Minimum Maximum Mean Std. Deviation F Sig

Age (years) 22 65 48.22 7.648 0.422 0.656

Weight (kg) 40 171 76.3 16.29 2.319 0.101

Height (m) 1.4 1.9 1.624 0.09268 0.356 0.701

WC(cm) 52 127 98.06 11.455 0.356 0.701

BMI (kg/m2) 17.31 55.2 29.01 5.99723 0.419 0.658

SBP (mmHg) 80 170 116.52 11.476 0.017 0.983

DBP (mmHg) 30 100 75.51 9.247 1.987 0.14

FPG (mg/dl) 46 442 160.1 96.851 8.25 0.0001

HbA1c (%) 3.1 15 6.9813 2.63963 2.933 0.056

Table 5 Correlations analysis

Variables Lep (ug/L)

Gender r 0.058

p 0.437

Age r 0.14

p 0.061

WC(cm) r 0.044

p 0.554

BMI (kg/m2) r 0.058

p 0.437

Physical activity r 0.008

p 0.914
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Variables Lep (ug/L)

FPG (mg/dl) r 0.198**

p 0.007

HbA1c (%) r 0.153*

p 0.04

 Correlation is significant at the٭٭ Correlation is significant at the 0.01 and٭
0.05 levels (2-tailed) 

Discussion
In this study 70.7% of study participants were female. WC mean 

showed non statistical significant compared to Lep concentration 
and neither statistical correlation though the mean of WC was 98.6. 
Overweight and obese account for 135(74.7%) of study participants 
and the mean of BMI of study participants was 29.00, presented no 
statistical significant and no any correlation with Lep concentrations. 
In contrast to this, previous studies reveals that increases in WC, BMI, 
distribution of body fats and visceral adiposity were associated with 
increased Lep concentration and so obesity and insulin resistance 
Antuna-Puente et al.33; Montague et al.34 Pervious case control study 
that conducted in Sudan showed that circulating Lep levels were lower 
in diabetic subjects than in non-diabetic of similar age and BMI, those 
finding were agreed with our results in this recent study Abdelgadir et 
al.35; Jung et al.36 In contrast to our study, Blair, 1993 confirmed that 
obesity and derangements of metabolic processes including insulin 
resistance and decreased fatty acid oxidation were associated with 
increased WC and BMI and most likely lead to the increased Lep 
level. Fortunately 109(60.2%) of total participants showed moderate 
physical activity with no regular exercise, this help them to reduce 
their WC and BMI. Islam et al.,19 find that prevention of diabetes can 
be achieved by thirty minutes of moderate-intensity physical activity 
on most days. The effect of exercise training in reducing HbA1c -but 
not FPG- is by an amount that should decrease the risk of diabetic 
complications Boule et al.37

The main finding in this study was that 135(74.6%) of those 
participants showed normal Lep concentration with significant 
positive correlation and significant mean concentration between Lep 
concentration and increased FPG and HbA1Clevels. Malmstrom et al. 
confirmed that secretion of Lep was under control of insulin and the 
prolonged exposure to insulin, increases plasma leptin concentrations 
and that the decrease in plasma leptin concentrations suggesting 
factors other than insulin is contributing to regulation of plasma leptin 
concentrations. These finding were in line with our results because 
our study participant showed normal concentration of Lep level and 
higher FPG with poor glycated hemoglobin. The increased in FPG 
and HbA1C indicates that there was insufficient amount of insulin 
secretion or insulin couldn’t exert its action as result of decreased in 
its receptors leading to change in the level of major metabolites like 
electrolyte which depends on insulin stimuli to pass through the plasma 
membrane of cells and so alteration on hormones levels Perseghin 
et al.38 and change in the metabolism in the insulin dependent cells 
from carbohydrates to fats and other non-carbohydrate molecules to 
maintain energy and adequate amount of glucose to the tissues Alberti 
et al.39 

Recommendations
Scientific research must be directed to the adipocytokines Lep 

because it is promised to become a new laboratory marker of insulin 
resistance in T2DM and to discover its association with insulin 

secretion and the availability of DM treatment by compound other 
than insulin or insulin stimulators.

Conclusion
The main finding in this study was that; the Sudanese participants 

with type 2 diabetes had a normal mean concentration of adipocytokines 
Lep (6.9813ug/L) compared to the standard values. FPG and HbA1c 
had strong positive significant correlation with Lep concentration. 
BMI and WC had no significant correlation with Lep concentration.

Funding
None.

Acknowledgments
None.

Conflicts of interest
The authors declare that they have no conflicts of interest.

References
1.	 Hahn P, Novak M. Development of brown and white adipose tissue. J 

Lipid Res. 1975;16(2):79–91.

2.	 Geloen A, Roy P, Bukowiecki L. Regression of white adipose tissue in 
diabetic rats. Am J Physiol. 1989;257(4):547–553.

3.	 Champe PC, Harvey RA, Ferrier DR. Lippincott’s illustrated reviews: 
biochemistry (3rd ed). Lippincott Williams and Wilkin, Philadelphia, USA. 
2005. 350p.

4.	 Champe Williams K, Scott M, Elmquist J. From observation to 
experimentation: leptin action in the mediobasal hypothalamus. Am J Clin 
Nutr. 2009;89(3):985–990.

5.	 Zhang Y, Proenca R, Maffei M, et al. Positional cloning of the mouse 
obese gene and its human homologue. Nature. 1994;372(6505):425–432.

6.	 Bluher S, Mantzoros C. Leptin in humans: lessons from translational 
research. Am J Clin Nutr. 2009;89(3):991–997.

7.	 Bado A, Levasseur S, Attoub S, et al. The stomach is a source of leptin. 
Nature. 1998;394(6695):790–793.

8.	 Van Harmelen V, Reynisdottir S, Eriksson P, et al. Leptin secretion 
from subcutaneous and visceral adipose tissue in women. Diabetes. 
1998;47(6):913–917.

9.	 De Vos P, Saladin R, Auwerx J, et al. Induction of ob gene expression 
by corticosteroids is accompanied by body weight loss and reduced food 
intake. J Biol Chem. 1995;270(27):15958–15961.

10.	 Caldefie-Chezet F, Poulin A, Vasson MP. Leptin regulates functional 
capacities of polymorphonuclear neutrophils. Free Radic Res. 
2003;37(8):809–814.

11.	 Lago F, Dieguez C, Gomez-Reino J, et al. The emerging role of adipokines 
as mediators of inflammation and immune responses. Cytokine Growth 
Factor Rev. 2007;18(3–4):313–325.

12.	 Housa D, Housova J, Vernerova Z, et al. Adipocytokines and cancer. 
Physiol Res. 2006;55(3):233–244.

13.	 Rosen E, Spiegelman B. Adipocytes as regulators of energy balance and 
glucose homeostasis. Nature. 2006;444(7121):847–853.

14.	 Howard J, Pidgeon G, Reynolds J. Leptin and gastro-intestinal 
malignancies. Obes Rev. 2010;11(12):863–874.

15.	 Mantzoros C, Moschos S, Avramopoulos I, et al. Leptin concentrations in 
relation to body mass index and the tumor necrosis factor-alpha system in 
humans. J Clin Endocrinol Metab. 1997;82(10):3408–3413.

Table Continued...

https://doi.org/10.15406/jdmdc.2021.08.00222
https://pubmed.ncbi.nlm.nih.gov/1168684/
https://pubmed.ncbi.nlm.nih.gov/1168684/
https://pubmed.ncbi.nlm.nih.gov/27705028/
https://pubmed.ncbi.nlm.nih.gov/27705028/
https://www.amazon.com/Biochemistry-Lippincott-Illustrated-Reviews-Pamela/dp/0781722659
https://www.amazon.com/Biochemistry-Lippincott-Illustrated-Reviews-Pamela/dp/0781722659
https://www.amazon.com/Biochemistry-Lippincott-Illustrated-Reviews-Pamela/dp/0781722659
https://pubmed.ncbi.nlm.nih.gov/19176744/
https://pubmed.ncbi.nlm.nih.gov/19176744/
https://pubmed.ncbi.nlm.nih.gov/19176744/
https://pubmed.ncbi.nlm.nih.gov/7984236/
https://pubmed.ncbi.nlm.nih.gov/7984236/
https://pubmed.ncbi.nlm.nih.gov/19176740/
https://pubmed.ncbi.nlm.nih.gov/19176740/
https://pubmed.ncbi.nlm.nih.gov/9723619/
https://pubmed.ncbi.nlm.nih.gov/9723619/
https://pubmed.ncbi.nlm.nih.gov/9604868/
https://pubmed.ncbi.nlm.nih.gov/9604868/
https://pubmed.ncbi.nlm.nih.gov/9604868/
https://pubmed.ncbi.nlm.nih.gov/7608151/
https://pubmed.ncbi.nlm.nih.gov/7608151/
https://pubmed.ncbi.nlm.nih.gov/7608151/
https://pubmed.ncbi.nlm.nih.gov/14567439/
https://pubmed.ncbi.nlm.nih.gov/14567439/
https://pubmed.ncbi.nlm.nih.gov/14567439/
https://pubmed.ncbi.nlm.nih.gov/17507280/
https://pubmed.ncbi.nlm.nih.gov/17507280/
https://pubmed.ncbi.nlm.nih.gov/17507280/
https://pubmed.ncbi.nlm.nih.gov/16238454/
https://pubmed.ncbi.nlm.nih.gov/16238454/
https://pubmed.ncbi.nlm.nih.gov/17167472/
https://pubmed.ncbi.nlm.nih.gov/17167472/
https://pubmed.ncbi.nlm.nih.gov/20149119/
https://pubmed.ncbi.nlm.nih.gov/20149119/
https://pubmed.ncbi.nlm.nih.gov/9329377/
https://pubmed.ncbi.nlm.nih.gov/9329377/
https://pubmed.ncbi.nlm.nih.gov/9329377/


Relationship of leptin hormone with body mass index and waist circumference in type 2 diabetes and 
non-diabetes in Sudanese

58
Copyright:

©2021 Mohamed et al. 

Citation: Mohamed NA, Abdelllah BEE, Ismaeel AAM, et al. Relationship of leptin hormone with body mass index and waist circumference in type 2 diabetes 
and non-diabetes in Sudanese. J Diabetes Metab Disord Control. 2021;8(2):54‒58. DOI: 10.15406/jdmdc.2021.08.00222

16.	 Ruhl C, Everhart J. Leptin concentrations in the United States: relations 
with demographic and anthropometric measures. Am J Clin Nutr. 
2001;74(3):295–301.

17.	 WHO. Definition and diagnosis of diabetes mellitus and intermediate 
hyperglycemia Report of a WHO/IDF Consultation. World Health Organ 
Tech Rep Ser. 2006.

18.	 Ries N, Caulfield T. Legal foundations for a national public health agency 
in Canada. Can J Public Health. 2005;96(4):281–283.

19.	 Islam S, Purnat T, Phuong N, et al. Non-communicable diseases (NCDs) 
in developing countries: a symposium report. Global Health. 2014;10:81.

20.	 WHO. Geneva, Global health risks. Mortality and burden of disease 
attributable to selected major risks. Fact sheet 311 updates 2013. World 
Health Organ Tech Rep Ser. 2009

21.	 Farooq R, Amin S, Hayat Bhat M, et al. Type 2 diabetes and metabolic 
syndrome - adipokine levels and effect of drugs. Gynecol Endocrinol. 
2017;33(1):75–78.

22.	 Schuster D. Obesity and the development of type 2 diabetes: the effects of 
fatty tissue inflammation. Diabetes Metab Syndr Obes. 2010;3:253–262.

23.	 James P. Obesity: the worldwide epidemic. Clin Dermatol. 
2004;22(4):276–280.

24.	 Iacobellis G, Ribaudo M, Zappaterreno A, et al. Prevalence of 
uncomplicated obesity in an Italian obese population. Obes Res. 
2005;13(6):1116–1122.

25.	 Trujillo M, Scherer P. Adiponectin--journey from an adipocyte secretory 
protein to biomarker of the metabolic syndrome. J Intern Med. 
2005;257(2):167–175.

26.	 Ross R. Atherosclerosis--an inflammatory disease. N Engl J Med. 
1999;340(2):115–126.

27.	 Lindsay R, Funahashi T, Hanson R, et al. Adiponectin and development of 
type 2 diabetes in the Pima Indian population. Lancet. 2002;360(9326):57–
58.

28.	 WHO. Regional office for South-East Asia. Hypertension fact sheet 
department of sustainable development and healthy environments. World 
Health Organ Tech Rep Se. 2011.

29.	 Elbagir M, Eltom, M, Elmahadi, E, et al. A high prevalence of diabetes 
mellitus and impaired glucose tolerance in the Danagla community in 
northern Sudan. Diabet Med. 1998;15(2):164–169.

30.	 Yamauchi T, Kamon J, Waki H, et al. The fat-derived hormoneadiponectin 
reverses insulin resistance associated with both lipoatrophy and obesity. 
Nat Med. 2001;7(8):941–946.

31.	 Hansen D, Dendale P, Beelen M, et al. Plasma adipokine and inflammatory 
marker concentrations are altered in obese, as opposed to non-obese, type 
2 diabetes patients. Eur J Appl Physiol. 2010;109(3):397–404.

32.	 Ng M, Fleming T, Robinson M, et al. Global, regional, and national 
prevalence of overweight and obesity in children and adults during 1980-
2013: a systematic analysis for the global burden of disease study 2013. 
Lancet. 2014;384(9945):766–781.

33.	 Antuna-Puente B, Feve B, Fellahi S, et al. Adipokines: the missing link 
between insulin resistance and obesity. Diabetes Metab. 2008;34(1):2–11.

34.	 Montague C, O’Rahilly S. The perils of portliness: causes and 
consequences of visceral adiposity. Diabetes. 2000;49(6):883–888.

35.	 Abdelgadir M, Elbagir M, Eltom M, et al. Reduced leptin concentrations 
in subjects with type 2 diabetes mellitus in Sudan. Metabolism. 
2002;51(3):304–306.

36.	 Jung SH, Park HS, Kim KS, et al. Effect of weight loss on some serum 
cytokines inhuman obesity: increase in IL-10 after weight loss. J Nutr 
Biochem. 2008;19(6):371–375.

37.	 Boule N, Haddad E, Kenny G. Effects of exercise on glycemic control 
and body mass in type 2 diabetes mellitus: a meta- analysis of controlled 
clinical trials. JAMA. 2001;286(10):1218–1227.

38.	 Perseghin G, Petersen K, Shulman G. Cellular mechanism of insulin 
resistance: potential links with inflammation. Int J Obes Relat Metab 
Disord. 2003;27( Suppl 3):S6–S11.

39.	 Alberti K, Zimmet P. Definition, diagnosis and classification of diabetes 
mellitus and its complications. Part 1: diagnosis and classification of 
diabetes mellitus provisional report of a WHO consultation. Diabet Med. 
1998;15(7):539–553.

https://doi.org/10.15406/jdmdc.2021.08.00222
https://pubmed.ncbi.nlm.nih.gov/11522551/
https://pubmed.ncbi.nlm.nih.gov/11522551/
https://pubmed.ncbi.nlm.nih.gov/11522551/
https://apps.who.int/iris/bitstream/handle/10665/43588/9241594934_eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/43588/9241594934_eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/43588/9241594934_eng.pdf?sequence=1
https://pubmed.ncbi.nlm.nih.gov/16625796/
https://pubmed.ncbi.nlm.nih.gov/16625796/
https://pubmed.ncbi.nlm.nih.gov/25498459/
https://pubmed.ncbi.nlm.nih.gov/25498459/
https://www.who.int/healthinfo/global_burden_disease/GlobalHealthRisks_report_full.pdf
https://www.who.int/healthinfo/global_burden_disease/GlobalHealthRisks_report_full.pdf
https://www.who.int/healthinfo/global_burden_disease/GlobalHealthRisks_report_full.pdf
https://pubmed.ncbi.nlm.nih.gov/27705028/
https://pubmed.ncbi.nlm.nih.gov/27705028/
https://pubmed.ncbi.nlm.nih.gov/27705028/
https://pubmed.ncbi.nlm.nih.gov/21437093/
https://pubmed.ncbi.nlm.nih.gov/21437093/
https://pubmed.ncbi.nlm.nih.gov/15475226/
https://pubmed.ncbi.nlm.nih.gov/15475226/
https://pubmed.ncbi.nlm.nih.gov/15976155/
https://pubmed.ncbi.nlm.nih.gov/15976155/
https://pubmed.ncbi.nlm.nih.gov/15976155/
https://pubmed.ncbi.nlm.nih.gov/15656875/
https://pubmed.ncbi.nlm.nih.gov/15656875/
https://pubmed.ncbi.nlm.nih.gov/15656875/
https://pubmed.ncbi.nlm.nih.gov/9887164/
https://pubmed.ncbi.nlm.nih.gov/9887164/
https://pubmed.ncbi.nlm.nih.gov/12114044/
https://pubmed.ncbi.nlm.nih.gov/12114044/
https://pubmed.ncbi.nlm.nih.gov/12114044/
https://pubmed.ncbi.nlm.nih.gov/9507920/
https://pubmed.ncbi.nlm.nih.gov/9507920/
https://pubmed.ncbi.nlm.nih.gov/9507920/
https://pubmed.ncbi.nlm.nih.gov/11479627/
https://pubmed.ncbi.nlm.nih.gov/11479627/
https://pubmed.ncbi.nlm.nih.gov/11479627/
https://pubmed.ncbi.nlm.nih.gov/20131064/
https://pubmed.ncbi.nlm.nih.gov/20131064/
https://pubmed.ncbi.nlm.nih.gov/20131064/
https://pubmed.ncbi.nlm.nih.gov/24880830/
https://pubmed.ncbi.nlm.nih.gov/24880830/
https://pubmed.ncbi.nlm.nih.gov/24880830/
https://pubmed.ncbi.nlm.nih.gov/24880830/
https://pubmed.ncbi.nlm.nih.gov/18093861/
https://pubmed.ncbi.nlm.nih.gov/18093861/
https://pubmed.ncbi.nlm.nih.gov/10866038/
https://pubmed.ncbi.nlm.nih.gov/10866038/
https://pubmed.ncbi.nlm.nih.gov/11887164/
https://pubmed.ncbi.nlm.nih.gov/11887164/
https://pubmed.ncbi.nlm.nih.gov/11887164/
https://pubmed.ncbi.nlm.nih.gov/17614271/
https://pubmed.ncbi.nlm.nih.gov/17614271/
https://pubmed.ncbi.nlm.nih.gov/17614271/
https://pubmed.ncbi.nlm.nih.gov/11559268/
https://pubmed.ncbi.nlm.nih.gov/11559268/
https://pubmed.ncbi.nlm.nih.gov/11559268/
https://pubmed.ncbi.nlm.nih.gov/14704736/
https://pubmed.ncbi.nlm.nih.gov/14704736/
https://pubmed.ncbi.nlm.nih.gov/14704736/
https://pubmed.ncbi.nlm.nih.gov/9686693/
https://pubmed.ncbi.nlm.nih.gov/9686693/
https://pubmed.ncbi.nlm.nih.gov/9686693/
https://pubmed.ncbi.nlm.nih.gov/9686693/

	Title
	Abstract
	Keywords
	Abbreviations
	Introduction
	Material and methods 
	Results
	Discussion
	Recommendations
	Conclusion
	Funding
	Acknowledgments
	Conflicts of interest 
	References
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5 

