
Does weight loss affect the parameters that are metabolically 
related to cardiovascular diseases?

Ozlem Persil-Ozkan, PhD, Ece Yigit, MD, Zerrin Yigit, MD. 

347

ABSTRACT

األيض  ترتبط  التي  املؤشرات  في  االختالفات  لتقييم  األهداف: 
بأمراض القلب واألوعية الدموية بعد فقدان الوزن لدى الناس الذين 

. )CADs( يعانون من السمنة املفرطة مع أمراض الشريان التاجي

الطريقة: أجريت هذه الدراسة على 184 مريضًا مت تشخيص إصابتهم 
ب CADs في مستشفى معهد القلب بجامعة إسطنبول، إسطنبول، 
الفيبرينوجني،  اللبتني،  مستويات  من  كالص  تقييم  مت  تركيا. 
 ،)hs-CRP( الهوموسيستني ، بروتني سي التفاعلي  عالي احلساسية
الدهون الثالثية ، الكوليسترول الكلي، البروتني الدهني عالي الكثافة 
، الكولسترول ، البروتني الدهني منخفض الكثافة )LDL-C(، نسبة 
اجللوكوز في الدم والبروتني الدهني املنخفض الكثافة، الهيموغلوبني، 
وحمض اليوريك للمرضى الذين يعانون من السمنة املفرطة والذين 
رجعي  بأثر  احلرارية  السعرات  مقيد  غذائي  نظام  على  وضعهم  مت 
ومقارنتهم قبل وبعد فقدان الوزن. للمقارنة، متت دراسة مجموعة  
للتحليل  كاي  ومربع  تي  اختبار  وأجرينا  البدينني.  غير  التحكم 

اإلحصائي.

النتائج: كانت مستويات الهوموسستئني، والهيموغلوبني السكري، 
املفرطة  السمنة  من  يعانون  الذين  املرضى  في  بكثير  أعلى  واللبتني 
مقارنة باملرضى غير البدينني. فقد مرضى السكري الذين يعانون من 
أمراض الشريان التاجي والسمنة املفرطة (%11.1) واملرضى الذين ال 
يعانون من السكري (%10.5) من وزن اجلسم في 6 أشهر. حتسنت 
كاًل من مستويات الكوليسترول، LDL-C، والفيبرينوجني بشكل 

كبير في كال املجموعتني.

اخلامتة: أظهرت الدراسة أن املرضى الذين يعانون من السمنة املفرطة 
احلرارية  السعرات  مقيدة  غذائية  وجبات  تناولهم  بعد  الوزن  فقدوا 
 ،LDL-Cو الكوليسترول،  مستويات  في  ملحوظا  حتسنا  وأظهروا 
والفيبرينوجني. لم يكن هناك اختالف كبير في مستويات احلمض 
من  كل  في  الوزن  فقدان  وبعد  قبل  واللبتني   ،hs-CRP االميني، 

املرضى البدناء املصاين بالسكري وغير املصابني.

Objectives: To assess the differences in the parameters 
that are metabolically related to cardiovascular diseases 
after weight loss in obese people with coronary artery 
diseases )CADs(.

Methods: This study was conducted on 184 patients 
who were diagnosed with CADs in Istanbul University 
Cardiology Institute Hospital, Istanbul, Turkey. The 
levels of leptin, fibrinogen, homocysteine, high-
sensitivity C-reactive protein )hs-CRP(, triglycerides, 
total cholesterol, high-density lipoprotein cholesterol, 
low-density lipoprotein cholesterol )LDL-C(, fasting 
blood glucose and insulin, glycated hemoglobin, and 
uric acid of the obese patients who were put on calorie 
restricted diet were evaluated retrospectively and 
compared before and after weight loss. For comparison, 
non-obese control patients were also studied. Student’s 
t-test and Chi-square test were used for the statistical 
analysis.

Results: Levels of homocysteine, glycated hemoglobin, 
and leptin were significantly higher in the obese patients 
than in the non-obese patients. Diabetic obese patients 
with CADs lost )11.1%( and non-diabetic obese 
patients with CADs lost )10.5%( of their body weight 
in 6 months. The levels of cholesterol, LDL-C, and 
fibrinogen were significantly improved in both groups.

Conclusion: The obese patients lost weight after being 
on calorie-restricted diets and showed significant 
improvement in the levels of cholesterol, LDL-C, 
fibrinogen. There was no significant difference in the 
levels of homocysteine, hs-CRP, and leptin before and 
after weight loss in both diabetic and non-diabetic obese 
patients.
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Adherence to healty dietary behaviors may improve 
cardiovascular health.1 The major contributors to 

cardiovascular disorders are obesity, hyperlipidemia, 
oxidative stress, inflammation, and insulin resistance.2 
High concentration of high sensitivity C-reactive 
protein )hs-CRP(, tumor necrosis factor -alpha 
)TNF-α(, interleukin-6 )IL-6( are the markers of 
cardiovascular risk factor as well as anti-inflammatory 
markers )namely, low adinopectin(. High sensitivity-
CRP is not only a marker of cardiovascular risk but 
also a contributor to its pathogenesis.4 Obesity is 
characterized by an accumulation of visceral and 
subcutaneous fat, which leads to cardiometabolic 
diseases. As visceral adipose tissue may produce pro-
inflammatory chemokines )namely, leptin, resistin, 
and adiponectin(, obesity is known as a risk factor for 
cardiovascular disease )CVD( and a type of chronic 
or low-grade systemic inflammation.5,6 Leptin has a 
role in the pro-inflammatory status of obesity and 
affects vascular homeostasis, which may consequently 
affect endothelial function.7 Leptin is increased in 
obese people and may induce oxidative stress that 
contributes to systemic inflammation.8 Fibrinogen is 
one of the biomarkers of hemostasis and trombosis.9 
It is an important component of coagulation and 
inflammation process and also an independent predictor 
of coronary artery diseases )CADs(.10 Homocysteine 
has toxic effects on the endothelium and contributes to 
endothelial dysfunction by increasing oxidative stress, 
which leads to endothelial dysfunction and inhibits 
nitric oxide production, causing stimulating vascular 
smooth cell proliferation, and changing the vascular 
wall elasticity, all of which contributes to atherosclerosis 
and hypertension.11 Previous studies have shown that 
weight loss is associated with improved inflammatory 
status and endothelial function and calorie restriction 
has been shown to be a successful intervention for 
weight loss that may also ameliorate the markers of 
oxidative stress.12,13

This retrospective research was conducted to 
examine the efficacy of weight loss accomplished by 
calorie-restricted diets on the plasma levels of leptin, 
homocysteine, fibrinogen, high-sensitivity C-reactive 
protein )hs-CRP(, triglycerides, total cholesterol, 
low-density lipoprotein cholesterol )LDL-C(, high-
density lipoprotein cholesterol )HDL-C(, fasting blood 
glucose, insulin and uric acid in people with obesity. 
The aim of the study was to assess the differences 

in the parameters that are metabolically related to 
cardiovascular diseases after weight loss in obese people 
with CAD.

Methods. This study was conducted on 184 
patients )77 male and 107 female( with a mean age of 
54.64±11.23 years who were diagnosed with CAD in 
Istanbul University Cardiology Institute Hospital in 
Istanbul, Turkey. Medical records of the obese patients 
who were diagnosed with CAD and put on calorie 
restricted diet between 01 March 2017 to 31 August 
2018 were evaluated retrospectively.

For comparison, non-obese control patients were 
also studied. The exclusion criterias of the study was: 
age less than 40 years or more than 75 years; pregnancy; 
heart failure, cardiomyopathy, rheumatic heart disease, 
current history of inflammatory, infectious, or malignant 
diseases; taking antithrombotic drugs or warfarin; and 
any bleeding, thrombophilic, or eating disorders.

The patients were divided into non-obese )Body 
mass index [BMI] <30 kg/m²( and obese )BMI≥30 
kg/m²( groups according to the World Health 
Organization )WHO( BMI classification.14 The present 
study included 72 non-obese )44 male, 61.11% and 28 
female, 38.89%( and 112 obese )39 male, 34.82% and 
73 female, 65.17%( patients whose weights and BMI 
were evaluated at baseline )BMI: 35.08±4.29 kg/m2( 
and 6 months after )BMI: 31.58±4.17 kg/m2( being 
put on a calorie-restricted diet. The patients with type 
2 diabetes mellitus both in the obese group and control 
group were analyzed separately.

The height, body weight, the levels of hs-CRP, 
leptin, homocysteine, fibrinogen, HDL-C, LDL-C, 
total cholesterol, triglycerides, fasting blood glucose, 
glycated hemoglobin, fasting insulin, and uric acid of 
each patient were obtained and recorded on the patient’s 
file and the BMI was evaluated as body weight divided 
by height squared )in kilograms per square meter( )kg/
m²(. The levels of analyzed parameters and BMI were 
compared before and 6 months after being put on a 
calorie-restricted diet.

The levels of hs-CRP, leptin, homocysteine, 
fibrinogen, HDL-C, LDL-C, total cholesterol, 
triglycerides, fasting blood glucose, glycated 
hemoglobin, fasting insulin, uric acid were analyzed 
in the laboratuary of Istanbul University Cardiology 
Institute Hospital based in Istanbul, Turkey, at baseline 
and 6 months after. Venous blood samples were collected 
from each subject before breakfast and at 10 o’clock in 
the morning after overnight fast.

The patients underwent a calorie restricted diet 
along with behavioral support from a registered 
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dietitian who designed individualized dietary plans that 
required energy intake from 50-55% carbohydrates, 
15-20% protein, and 25-35% fat )saturated fatty acids 
<7%(, a cholesterol intake of <200 mg/day, and soluble 
fiber intake of 5-10 g/day. The goal of the dietary plans 
was to achieve a 5-10% weight loss by energy deficit 
)a reduction of 400-500 kcal/day(. The patients were 
recommended to walk on a flat road for 30-60 minutes 
per day, 5 days per week. They were advised to walk 2 
hours after meal time and to not walk when they were 
hungry.

This study was found appropriate by the Ethics 
Committee of Istanbul Arel University in Istanbul, 
Turkey )Date: 20.03.2018, Number: 2018/03( and 
investigated under the guidance of the Declaration of 
Helsinki.

Statistical Package for Social Sciences )SPSS( Version 
21.0 software )IBM Corp., Armonk, NY, USA( was used 
for the data analysis. Arithmetic means and standard 
deviations of the data were calculated )mean±SD( for the 
demographic characteristics of the patients. Categorical 
basic clinical data was evaluated by Chi-square test. A 
p<0.05 was accepted as a significant difference between 
the groups. The normal distribution of parametric data 
was compared with paired t-test and unpaired t-test. A 
p-value<0.05 was considered significant.

Results. There was no difference in the measures 
of central tendency and dispersion of type 2 diabetes 
and hypertension between the 2 patient groups )obese 
group: hypertension 45.40%, type 2 diabetes 45.54%; 
non-obese group: hypertension 44.60%, type 2 diabetes 
44.44%(. In addition, the levels of triglycerides, HDL-C, 
LDL-C, total cholesterol, fasting blood glucose and 
insulin, uric acid, hs-CRP and fibrinogen were similar 
in both patient groups. The levels of leptin )p=0.0024(, 
homocysteine )p=0.042(, and glycated hemoglobin 
)p=0.031( were significantly higher in patients with 
obesity than in the non-obese patients.

The mean values and ranges of the age, body weight, 
BMI, and biochemical parameters of the patients in 
the non-obese and obese groups according to type 2 
diabetes mellitus are presented in Table 1. The levels 
of homocysteine, glycated hemoglobin, insulin, leptin, 
LDL-C, triglycerides, glucose, and uric acid were 
significantly higher in diabetic obese patients than in 
non-diabetic obese patients. In addition, there was no 
significant difference in the levels of homocysteine, 
insulin, leptin, LDL-C, triglycerides between diabetic 
non-obese group and non-diabetic non-obese group.

Table 2 shows the differences in the body weight,  
metabolic and clinical characteristics of the obese 
patients before and 6 months after losing weight. Six 
months after being on the calorie-restricted diets, 

Table 1 - Comparison of obese and non-obese subjects with coronary artery diseases according to type 2 diabetes mellitus.

Parameters Obese patients with CAD Non-obese patients with CAD
Diabetic 51 (45.54) Non diabetic 61 (55.46) P-value Diabetic 32 (44.44) Non diabetic 40 (55.56) P-value

Mean±SD Mean±SD
Age )year( 61.73±9.11 58.91±9.44 0.11 66.11±6.98 63.20±8.46 0.12
Body weight )kg( 90.10±15.86 91.43±13.95 0.83 79.35±6.84 76.07±7.62 0.09
BMI )kg/m2( 33.85±4.33 35.32±4.62 0.09 27.32±2.19 27.06±1.70 0.60
Homocystein )µmol/L( 14.65±9.50 11.00±5.60 0.012* 12.84±3.75 15.14±11.72 0.28
Glycated hemoglobin )%( 5.56±1.06 5.89±0.96 <0.0001* 6.2±0.35 5.65±0.63 <0.0001*
hs-CRP )mg/dL( 4.92±8.11 6.72±10.02 0.31 4.32±5.16 3.64±3.64 0.55
Insulin )mIU/L( 19.41±8.00 13.63±9.50 0.0047* 19.41±6.78 11.75±8.53 0.11
Leptin )ng/mL( 61.88±32.34 47.51±21.82 0.033* 20.23±9.28 39.42±45.78 0.16
Body weight )kg( 90.10±15.86 91.43±13.95 0.83 79.35±6.84 76.07±7.62 0.09
BMI )kg/m2( 33.85±4.33 35.32±4.62 0.09 27.32±2.19 27.06±1.70 0.60
Cholesterol )mg/dL( 193.81±61.07 201.90±35.59 0.41 188.13±31.28 210.76±54.09 0.18
HDL-C )mg/dL( 40.41±10.89 42.41±11.35 0.39 54.50±19.93 50.62±13.97 0.63
LDL-C )mg/dL( 104.03±30.77 127.24±33.05 0.00091* 115.95±34.87 122.44±66.75 0.73
Triglycerides )mg/dL( 233.67±219.73 170.52±67.56 0.042* 139.88±71.76 142.27±79.81 0.94
Glucose )mg/dL( 122.44±31.54 96.80±9.90 <0.0001* 100.70±6.82 94.70±5.25 0.028*
Uric acid )mg/dL( 5.30±1.25 4.71±1.17 0.045* 5.99±0.94 4.95±1.12 0.035*
Fibrinogen )mg/dL( 328.38±77.85 347.43±88.33 0.33 465.49±185.81 439.94±117.92 0.74

CAD - coronary arter diseases, SD - standard deviation, BMI - body mass index, hs-CRP - high-sensitivity C-reactive protein, HDL-C - high density 
lipoprotein cholesterol, LDL-C - low density lipoprotein cholesterol. Unpaired Student’s t-test. *p<0.05.
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diabetic obese patients with CADs lost 11.07% and 
non-diabetic obese patients with CADs lost 10.53% 
of their body weight. After the calorie-restricted weight 
loss, the levels of cholesterol, LDL-C, fibrinogen had 
decreased significantly in both diabetic obese and 
non-diabetic obese groups. Triglycerides level in non-
diabetic obese group and glucose level of diabetic obese 
group improved after weight loss. 

Table 3 shows the changes in the metabolic and 
clinical characteristics of non-obese patients before and 
after 6 months.  

Discussion. The main findings of this study are 
that weight loss in CAD patients with obesity improved 

their lipid profile, fibrinogen levels and glycemic control, 
suggesting that weight loss by dietary interventions 
may facilitate the reduction of cardiovascular heart 
disease risk in obese people. Obesity is considered 
an independent risk factor for CVD, and low-grade 
inflammation is a common finding in CVD, obesity, 
and type 2 diabetes.15

Approximately 10% of weight loss is associated 
with reduced total cholesterol and triglycerides, 
elevated HDL-C and insulin sensitivity, and a pro-
atherothrombotic state via decreased inflammation, 
thrombosis potential, and blood pressure.16 A different 
study showed that 9.4% of the weight loss due to dietary 
and healthy lifestyle modifications was associated 

Table 3 - Parameters that are metabolically related to cardiovascular diseases at baseline and after 6 months in non-obese subjects.

Parameters Non Obese Diabetic Patients with CAD
n=32, 44.4%

Non Obese Non Diabetic Patients with CAD
n=40, 55.7%

Baseline After 
6 months

Difference Difference
(%)

P-value Baseline After 
6 months

Difference   Difference
(%)

P-value

HCY )µmol/L(     12.84±3.75    14.12±6.19     -2.96±6.80 -48.46 0.44   15.14±11.72    14.43±5.53     1.28±13.95 -29.88 0.78
Glycated Hb )%(       6.20±0.35      6.10±0.19     -0.60±0.82 -12.50 0.54     5.65±0.63      5.56±0.84  -0.012±0.64 -0.51 0.65
hsCRP )mg/dL(       4.32±5.16      3.25±0.15      1.71±2.61 6.28 0.65     3.64±3.64      3.36±1.09     0.45±1.84 -4.08 0.75
Insulin )mIU/L(     19.41±6.78    16.73±7.16    14.21±5.53 44.12 0.90   11.75±8.53    13.28±9.61     7.30±8.01 14.76 0.99
Leptin )ng/mL(     20.23±9.28    30.75±12.22     -5.87±10.35 31.66 0.08   39.42±45.78    34.27±12.22    -8.85±10.35 -32.87 0.053
Cholesterol)mg/dL(   188.13±31.28  182.13±23.93      2.67±23.50 0.59 0.67 210.76±54.09  175.33±35.94   44.47±42.22 18.52 0.0073*
HDL-C )mg/dL(     54.50±19.93    56.75±19.34     -3.33±9.48 -8.21 0.82   50.62±13.97    51.56±12.86     0.71±9.66 -0.22 0.995
LDL-C )mg/dL(   115.95±34.87  115.68±27.76      0.70±22.66 -5.09 0.99 122.44±66.75  109.44±28.83     7.29±38.14 22.19 0.0038*
Triglycerides )mg/dL(   139.88±71.76    94.86±19.95    10.00±25.42 6.81 0.11 142.27±79.81  126.83±65.17    -1.35±60.46 -8.78 0.80
Glucose )mg/dL(   100.70±6.82    95.88±9.85      7.67±7.94 7.47 0.0041*  94.70±5.25  101.17±14.19    -5.59±14.46 -6.02 0.065
Uric acid )mg/dL(       5.99±0.94      5.87±1.34     -0.50±0.52 -8.92 0.85     4.95±1.12      4.51±0.28     0.46±0.79 9.20 0.28
Fibrinogen )mg/dL(   465.49±185.81  281.71±60.72  108.13±50.34 23.08 0.0073*439.94±117.92  379.37±95.52   44.72±52.60 9.72 0.095

Values are presented as Mean±SD. CAD - coronary artery diseases, Hb - hemoglobin, HCY  - homocysteine, hs-CRP - high-sensitivity C-reactive protein, 
HDL-C - high density lipoprotein cholesterol, LDL-C - low density lipoprotein cholesterol. Paired student’s t-test. *p<0.05

Table 2 - Body weight and parameters that are metabolically related to cardiovascular diseases before and after weight loss in obese subjects.

Parameters Diabetic obese patients with CAD  
n=51; 45.5%

Non-diabetic obese patients with CAD
n=61; 55.5%

Baseline After 
6 months

Difference  Difference
(%)

P-value Baseline After 
6 months

Difference Difference
(%)

P-value

Body weight )kg(   91.79±13.07   82.08±19.61  -9.97±6.92 -11.07 0.038*   91.11±16.99   82.03±11.59 -9.74±5.47 -10.53      0.00015*
HCY )µmol/L(   14.65±9.50   14.98±12.76  -0.29±12.01 13.76 0.91   11.00±5.60 14.01±9.19   -4.23±10.20 -31.53      0.057
Glycated Hb )%(     5.56±1.06     5.88±0.71     1.5±3.17 18.30 0.42     5.89±0.96   5.80±0.35 -2.09±8.30 -19.90      0.28
hsCRP )mg/dL(     4.92±8.11     5.00±2.13   2.67±13.69 4.03 0.96     6.72±10.02   4.32±4.13    3.82±12.26 16.68      0.29
Insulin)mIU/L(   19.41±8.00   12.81±4.56 17.49±21.26 41.73 0.06   13.63±9.50   8.93±5.45    6.27±10.22 41.35      0.028*
Leptin )ng/mL(   61.88±32.34   43.46±15.98 31.67±23.60 58.29 0.13   47.51±21.82   52.03±23.56     5.00±14.61 78.68      0.53
Cholesterol)mg/dL( 193.81±61.07 156.24±34.58 36.73±59.19 17.96 0.0013* 201.90±35.59 166.68±29.86  43.46±24.93 27.42    <0.0001*
HDL-C )mg/dL(   40.41±10.89   42.47±7.40   7.29±33.31 -2.14 0.34   42.41±11.35   46.17±13.91  20.38±58.36 -1.18      0.14
LDL-C )mg/dL( 104.03±30.77   82.82±33.65 25.28±37.95 19.23 0.0064* 127.24±33.05   99.58±27.94    9.57±57.80 7.98    <0.0001*
Triglyceride )mg/dL( 233.67±219.73 177.68±121.90 62.68±139.38 -1.02 0.17 170.52±67.56 124.05±57.54 21.42 ±83.90 -56.79      0.0004*
Glucose )mg/dL( 122.44±31.54 103.53±24.00 13.92±20.77 12.50 0.0038*   96.80±9.90   95.44±19.45  19.90±45.16 14.43      0.65
Uric acid )mg/dL(     5.30±1.25     4.65±1.60   1.19±2.03 22.27 0.076     4.71±1.17   4.45±1.23   0.77±1.84 9.20      0.31
Fibrinogen )mg/dL( 328.38±77.85 296.27±48.51 12.57±126.74 -94.75 0.045* 347.43±88.33 268.75±84.95   59.79±87.66 -3.49      0.0001*

Values are presented as Mean±SD. CAD - coronary artery diseases, Hb - hemoglobin, HCY  - homocysteine, hs-CRP - high-sensitivity C-reactive protein, 
HDL-C - high density lipoprotein cholesterol, LDL-C - low density lipoprotein cholesterol. Paired student’s t-test. *p<0.05
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with reduced plasma levels of leptin and hs-CRP and 
improved insulin resistance and lipid profiles.17 All of 
these changes in the parameters and inflammatory profile 
indicate that weight loss facilitates amelioration of the 
inflammatory status.18 A study that followed severely 
obese patients during a 15-week hypocaloric diet and 
daily moderate activity found that hs-CRP decreased 
and adiponectin increased significantly, indicating 
that a minimum of 10% of weight loss is necessary to 
improve the pro-inflammatory parameters in people 
with obesity.3 Another study that was conducted 
with obese patients showed that dramatic weight loss 
decreased inflammatory markers, such as hs-CRP, and 
suggested that weight loss may independently reduce 
oxidative stress and inflammation.19

Obesity is known as a chronic or low grade systemic 
inflammation. In a study that recruited obese and 
overweight participants, the association between 
circulating levels of leptin and the biomarkers of 
oxidative stress were evaluated. Although serum hs-CRP 
level was found to be independently correlated with BMI 
and positively correlated with leptin, the results of the 
study did not demonstrate any significant association 
between leptin and BMI ranges.20 Korybalska et al,21 
observed improved lipid profiles, increased insulin 
sensitivity, and decreased leptin concentration. Netto 
et al,22 showed that the levels of pro-inflammatory 
biomarkers )hs-CRP, and leptin( decreased after excess 
weight loss. In the current study, the presence of low 
grade inflammation was assessed by measuring the levels 
of serum leptin and hs-CRP. There was no significant 
difference in the levels of hs-CRP and leptin after 6 
months due to losing weight on calorie-restricted diets.

In a previous study, it was reported that impaired 
fibrinolysis in obesity was associated with high levels 
of plasminogen activator inhibitor-1 )PAI-1( and the 
development of CVD; however, the results also showed 
that there was no significant decrease in fibrinogen and 
PAI-1 levels following the weight loss.23 In the current 
study, there was a significant reduce in the level of 
fibrinogen after weight loss on the calorie-restricted 
diets.

Hyperhomocysteinemia is known as an independent 
risk factor for CVD.24,25 It has been reported that 
increased levels of homocysteine correlate with 
insulin resistance, hypertension, atherosclerosis, 
endothelial dysfunction, and increased oxidative stress. 
Epidemiological studies reported that the homocysteine 
levels of overweight and obese patients were higher than 
those of patients with normal weight.11,26 Al-Bayyari et 
al,25 reported that homocysteine was significantly and 

positively correlated with BMI and fat mass among 
overweight women. Yang et al,24 reported a synergistic 
effect between homocysteine and age, obesity, 
dyslipidemia, and family history of hypertension.

Calorie restriction has been reported to promote 
longevity and reduce the morbidity of atherosclerosis, 
cancer, diabetes, renal, neurodegenerative, autoimmune, 
and respiratory diseases.27

It has been reported that weight loss ameliorates 
endothelium-dependent vasodilation in obese 
hypertensive patients in the context of a low-calorie 
diet.28 Endothelial activation markers have been 
reported to improve in obese patients after weight loss 
by calorie restriction.21

Study limitations. Although obese patients had 
weight loss after calorie restricted diet, BMI averages at 
the end of 6 months were still within obese classification. 
If the calorie-restricted diet examined longer-term 
results, further improvement in parameters that are 
metabolically related to cardiovascular diseases could be 
observed.

In conclusion, the available literature suggests that 
weight loss has beneficial effects on cardiovascular 
health. Calorie-restricted diets have been reported to be 
a healthy weight loss intervention that may also improve 
oxidative stress. The data obtained in this study suggest 
that weight loss improves lipid profile, fibrinogen levels 
and glycemic control. Further studies investigating 
the effects of varying degrees of weight loss and use of 
cardiometabolic parameters are warranted for a more 
precise understanding of the interactions between 
obesity and CAD.

Acknowledgment. The authors gratefully acknowledge all 
participants and the staffs of Istanbul University Cardiology Institute 
Hospital. We would like to thank Editage English Editing Services for 
English language editing.

References
  
  1. Yu E, Malik VS, Hu FB. Reprint of: Cardiovascular Disease 

Prevention by Diet Modification: JACC Health Promotion 
Series. J Am Coll Cardiol 2018; 72: 2951-2963.

  2. Sun HJ, Hou B, Wang X, Zhu XX, Li KX, Qiu LY. Endothelial 
dysfunction and cardiometabolic diseases: Role of long 
non-coding RNAs. Life Sci 2016; 167: 6-11.

  3. Bruyndonckx L, Hoymans VY, De Guchtenaere A, Van 
Helvoirt M, Van Craenenbroeck EM, Frederix G, et al. 
Diet, exercise, and endothelial function in obese adolescents. 
Pediatrics 2015; 135: e653-e661.

  4. Avan A, Tavakoly Sany SB, Ghayour-Mobarhan M, Rahimi 
HR, Tajfard M, Ferns G. Serum C-reactive protein in the 
prediction of cardiovascular diseases: Overview of the latest 
clinical studies and public health practice. J Cell Physiol 2018; 
233: 8508-8525.

http://www.smj.org.sa/index.php/smj/index
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reprint+of%3A+Cardiovascular+Disease+Prevention+by+Diet+Modification
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reprint+of%3A+Cardiovascular+Disease+Prevention+by+Diet+Modification
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reprint+of%3A+Cardiovascular+Disease+Prevention+by+Diet+Modification
https://www.ncbi.nlm.nih.gov/pubmed/27838210
https://www.ncbi.nlm.nih.gov/pubmed/27838210
https://www.ncbi.nlm.nih.gov/pubmed/27838210
https://www.ncbi.nlm.nih.gov/pubmed/25667241
https://www.ncbi.nlm.nih.gov/pubmed/25667241
https://www.ncbi.nlm.nih.gov/pubmed/25667241
https://www.ncbi.nlm.nih.gov/pubmed/25667241
https://www.ncbi.nlm.nih.gov/pubmed/?term=Serum+C-reactive+protein+in+the+prediction+of+cardiovascular+diseases%3A+overview+of+the+latest+clinical+studies+and+public+health+practice
https://www.ncbi.nlm.nih.gov/pubmed/?term=Serum+C-reactive+protein+in+the+prediction+of+cardiovascular+diseases%3A+overview+of+the+latest+clinical+studies+and+public+health+practice
https://www.ncbi.nlm.nih.gov/pubmed/?term=Serum+C-reactive+protein+in+the+prediction+of+cardiovascular+diseases%3A+overview+of+the+latest+clinical+studies+and+public+health+practice
https://www.ncbi.nlm.nih.gov/pubmed/?term=Serum+C-reactive+protein+in+the+prediction+of+cardiovascular+diseases%3A+overview+of+the+latest+clinical+studies+and+public+health+practice
https://www.ncbi.nlm.nih.gov/pubmed/?term=Serum+C-reactive+protein+in+the+prediction+of+cardiovascular+diseases%3A+overview+of+the+latest+clinical+studies+and+public+health+practice


352

Weight loss and cardiovascular health ... Persil-Ozkan et al

Saudi Med J 2019; Vol. 40 )4(      www.smj.org.sa

  5. Lovren F, Teoh H, Verma S. Obesity and atherosclerosis: 
mechanistic insights. Can J Cardiol 2015; 31: 177-183.

  6. Oikonomou EK, Antoniades C. The role of adipose tissue in 
cardiovascular health and disease. Nat Rev Cardiol 2019; 16: 
83-99.

  7. Katsiki N, Mikhailidis DP, Banach M. Leptin, cardiovascular 
diseases and type 2 diabetes mellitus. Acta Pharmacol Sin 
2018; 39: 1176-1188.

  8. Huang CJ, McAllister MJ, Slusher AL, Webb HE, Mock JT, 
Acevedo EO. Obesity-Related Oxidative Stress: the Impact of 
Physical Activity and Diet Manipulation. Sports Med Open 
2015; 1: 32.

  9. Lacey B, Herrington WG, Preiss D, Lewington S, Armitage 
J. The Role of Emerging Risk Factors in Cardiovascular 
Outcomes. Curr Atheroscler Rep 2017; 19: 28.

10. Escárcega RO, Lipinski MJ, García-Carrasco M, Mendoza-
Pinto C, Galvez-Romero JL, Cervera R. Inflammation and 
atherosclerosis: Cardiovascular evaluation in patients with 
autoimmune diseases. Autoimmun Rev 2018; 17: 703-708.

11. Sreckovic B, Sreckovic VD, Soldatovic I, Colak E, Sumarac-
Dumanovic M, Janeski H, et al. Homocysteine is a marker 
for metabolic syndrome and atherosclerosis. Diabetes Metab 
Syndr 2017; 11: 179-182.

12. Farias G. Good weight loss responders and poor weight 
loss responders after Roux-en-Y gastric bypass: clinical and 
nutritional profiles. Nutr Hosp 2016; 33: 1108-1115.

13. Golbidi S, Daiber A, Korac B, Li H, Essop MF, Laher I. Health 
Benefits of Fasting and Caloric Restriction. Curr Diab Rep 
2017; 17: 123.

14. World Health Organization. Global database on body mass 
index; 2004. Available from: http://www.euro.who.int/
en/health-topics/disease-prevention/nutrition/a-healthy-
lifestyle/body-mass-index-bmi.

15. De Rosa S, Arcidiacono B, Chiefari E, Brunetti A, Indolfi C, 
Foti DP. Type 2 Diabetes Mellitus and Cardiovascular Disease: 
Genetic and Epigenetic Links. Front Endocrinol (Lausanne) 
2018; 9: 2.

16. King RJ, Ajjan RA. Vascular risk in obesity: Facts, 
misconceptions and the unknown. Diab Vasc Dis Res 2017; 
14: 2-13.

17. Ho TP, Zhao X, Courville AB, Linderman JD, Smith S, 
Sebring N, et al. Effects of a 12-month moderate weight loss 
intervention on insulin sensitivity and inflammation status in 
nondiabetic overweight and obese subjects. Horm Metab Res 
2015; 47: 289-296.

18. Gutiérrez L, García JR, Rincón Mde J, Ceballos GM, Olivares 
IM. [Effect of a hypocaloric diet in the oxidative stress in obese 
subjects without prescription of exercise and antioxidants]. 
Med Clin (Barc) 2015; 145: 1-6. [Spanish]

19. Razavi Zade M, Telkabadi MH, Bahmani F, Salehi B, Farshbaf 
S, Asemi Z. The effects of DASH diet on weight loss and 
metabolic status in adults with non-alcoholic fatty liver disease: 
a randomized clinical trial. Liver Int 2016; 36: 563-571.

20. Aboutaleb N, Zarrati M, Cheshmazar E, Shoormasti RS, 
Razmpoosh E, Nasirinezhad F. Association between the 
circulating leptin levels and the biomarkers of oxidative stress 
and inflammation among Iranian overweight and obese adults. 
Med J Islam Repub Iran 2017; 31: 81.

21. Korybalska K, Luczak J, Swora-Cwynar E, Kanikowska A, 
Czepulis N, Kanikowska D, et al. Weight loss-dependent 
and -independent effects of moderate calorie restriction on 
endothelial cell markers in obesity. J Physiol Pharmacol 2017; 
68: 597-608.

22. Netto BD, Bettini SC, Clemente AP, Ferreira JP, Boritza K, 
Souza Sde F, et al. Roux-en-Y gastric bypass decreases pro-
inflammatory and thrombotic biomarkers in individuals with 
extreme obesity. Obes Surg 2015; 25: 1010-1018.

23. Aziz CB, Omar N, Abdullah WZ, Jalil RA, Nik WS, Zakaria 
R. Reduced fibrinogen, fibrinolytic biomarkers, and physical 
parameters after a weight-loss program in obese subjects. N Am 
J Med Sci 2014; 6: 377-382.

24. Yang B, Fan S, Zhi X, He J, Ma P, Yu L, et al. Interactions 
of homocysteine and conventional predisposing factors on 
hypertension in Chinese adults. J Clin Hypertens (Greenwich) 
2017; 19: 1162-1170.

25. Al-Bayyari N, Hamadneh J, Hailat R, Hamadneh S. Total 
homocysteine is positively correlated with body mass index, 
waist-to-hip ratio, and fat mass among overweight reproductive 
women: A cross-sectional study. Nutr Res 2017; 48: 9-15.

26. Yilmaz VT, Çoban E, Avci AB, Yilmaz F, Çetinkaya R. Levels of 
plasma homocysteine in obese women subjects homocysteine 
and obesity. Turkish Nephrol Dial Transplant J 2014; 23: 
91-94.

27. Picca A, Pesce V, Lezza AMS. Does eating less make you live 
longer and better? An update on calorie restriction. Clin Interv 
Aging 2017; 12: 1887-1902.

28. Lambert EA, Sari CI, Eikelis N, Phillips SE, Grima M, 
Straznicky NE, et al. Effects of Moxonidine and Low-Calorie 
Diet: Cardiometabolic Benefits from Combination of Both 
Therapies. Obesity (Silver Spring) 2017; 25: 1894-1902.

http://www.smj.org.sa/index.php/smj/index
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lovren+F%2C+Teoh+H%2C+Verma+S.+Obesity+and+atherosclerosis%3A+mechanistic+insights
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lovren+F%2C+Teoh+H%2C+Verma+S.+Obesity+and+atherosclerosis%3A+mechanistic+insights
https://www.ncbi.nlm.nih.gov/pubmed/30287946
https://www.ncbi.nlm.nih.gov/pubmed/30287946
https://www.ncbi.nlm.nih.gov/pubmed/30287946
https://www.ncbi.nlm.nih.gov/pubmed/?term=Katsiki+N%2C+Mikhailidis+DP%2C+Banach+M.+Leptin%2C+cardiovascular+diseases+and+type+2+diabetes+mellitus
https://www.ncbi.nlm.nih.gov/pubmed/?term=Katsiki+N%2C+Mikhailidis+DP%2C+Banach+M.+Leptin%2C+cardiovascular+diseases+and+type+2+diabetes+mellitus
https://www.ncbi.nlm.nih.gov/pubmed/?term=Katsiki+N%2C+Mikhailidis+DP%2C+Banach+M.+Leptin%2C+cardiovascular+diseases+and+type+2+diabetes+mellitus
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huang+C-J%2C+McAllister+MJ%2C+Slusher+AL%2C+Webb+HE%2C+Mock+JT%2C+Acevedo+EO.+Obesity-related+oxidative+stress%3A+the+%C4%B1mpact+of+physical+activity+and+diet+manipulation
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huang+C-J%2C+McAllister+MJ%2C+Slusher+AL%2C+Webb+HE%2C+Mock+JT%2C+Acevedo+EO.+Obesity-related+oxidative+stress%3A+the+%C4%B1mpact+of+physical+activity+and+diet+manipulation
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huang+C-J%2C+McAllister+MJ%2C+Slusher+AL%2C+Webb+HE%2C+Mock+JT%2C+Acevedo+EO.+Obesity-related+oxidative+stress%3A+the+%C4%B1mpact+of+physical+activity+and+diet+manipulation
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huang+C-J%2C+McAllister+MJ%2C+Slusher+AL%2C+Webb+HE%2C+Mock+JT%2C+Acevedo+EO.+Obesity-related+oxidative+stress%3A+the+%C4%B1mpact+of+physical+activity+and+diet+manipulation
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lacey+B%2C+Herrington+WG%2C+Preiss+D%2C+Lewington+S%2C+Armitage+J.+The+Role+of+Emerging+Risk+Factors+in+Cardiovascular+Outcomes
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lacey+B%2C+Herrington+WG%2C+Preiss+D%2C+Lewington+S%2C+Armitage+J.+The+Role+of+Emerging+Risk+Factors+in+Cardiovascular+Outcomes
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lacey+B%2C+Herrington+WG%2C+Preiss+D%2C+Lewington+S%2C+Armitage+J.+The+Role+of+Emerging+Risk+Factors+in+Cardiovascular+Outcomes
https://www.ncbi.nlm.nih.gov/pubmed/?term=Esc%C3%A1rcega+RO%2C+Lipinski+MJ%2C+Garc%C3%ADa-Carrasco+M%2C+Mendoza-Pinto+C%2C+Galvez-Romero+JL%2C+Cervera+R.+Inflammation+and+Atherosclerosis%3A+Cardiovascular+Evaluation+in+Patients+with+Autoimmune+Diseases
https://www.ncbi.nlm.nih.gov/pubmed/?term=Esc%C3%A1rcega+RO%2C+Lipinski+MJ%2C+Garc%C3%ADa-Carrasco+M%2C+Mendoza-Pinto+C%2C+Galvez-Romero+JL%2C+Cervera+R.+Inflammation+and+Atherosclerosis%3A+Cardiovascular+Evaluation+in+Patients+with+Autoimmune+Diseases
https://www.ncbi.nlm.nih.gov/pubmed/?term=Esc%C3%A1rcega+RO%2C+Lipinski+MJ%2C+Garc%C3%ADa-Carrasco+M%2C+Mendoza-Pinto+C%2C+Galvez-Romero+JL%2C+Cervera+R.+Inflammation+and+Atherosclerosis%3A+Cardiovascular+Evaluation+in+Patients+with+Autoimmune+Diseases
https://www.ncbi.nlm.nih.gov/pubmed/?term=Esc%C3%A1rcega+RO%2C+Lipinski+MJ%2C+Garc%C3%ADa-Carrasco+M%2C+Mendoza-Pinto+C%2C+Galvez-Romero+JL%2C+Cervera+R.+Inflammation+and+Atherosclerosis%3A+Cardiovascular+Evaluation+in+Patients+with+Autoimmune+Diseases
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sreckovic+B%2C+Sreckovic+VD%2C+Soldatovic+I%2C+Colak+E%2C+Sumarac-Dumanovic+M%2C+Janeski+H%2C+et+al.+Homocysteine+is+a+marker+for+metabolic+syndrome+and+atherosclerosis
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sreckovic+B%2C+Sreckovic+VD%2C+Soldatovic+I%2C+Colak+E%2C+Sumarac-Dumanovic+M%2C+Janeski+H%2C+et+al.+Homocysteine+is+a+marker+for+metabolic+syndrome+and+atherosclerosis
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sreckovic+B%2C+Sreckovic+VD%2C+Soldatovic+I%2C+Colak+E%2C+Sumarac-Dumanovic+M%2C+Janeski+H%2C+et+al.+Homocysteine+is+a+marker+for+metabolic+syndrome+and+atherosclerosis
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sreckovic+B%2C+Sreckovic+VD%2C+Soldatovic+I%2C+Colak+E%2C+Sumarac-Dumanovic+M%2C+Janeski+H%2C+et+al.+Homocysteine+is+a+marker+for+metabolic+syndrome+and+atherosclerosis
https://www.ncbi.nlm.nih.gov/pubmed/?term=Golbidi+S%2C+Daiber+A%2C+Korac+B%2C+Li+H%2C+Essop+MF%2C+Laher+I.+Health+benefits+of+fasting+and+caloric+restriction
https://www.ncbi.nlm.nih.gov/pubmed/?term=Golbidi+S%2C+Daiber+A%2C+Korac+B%2C+Li+H%2C+Essop+MF%2C+Laher+I.+Health+benefits+of+fasting+and+caloric+restriction
https://www.ncbi.nlm.nih.gov/pubmed/?term=Golbidi+S%2C+Daiber+A%2C+Korac+B%2C+Li+H%2C+Essop+MF%2C+Laher+I.+Health+benefits+of+fasting+and+caloric+restriction
https://www.ncbi.nlm.nih.gov/pubmed/?term=De+Rosa+S%2C+Arcidiacono+B%2C+Chiefari+E%2C+Brunetti+A%2C+Indolfi+C%2C+Foti+DP.+Type+2+diabetes+mellitus+and+cardiovascular+disease%3A+genetic+and+epigenetic+links
https://www.ncbi.nlm.nih.gov/pubmed/?term=De+Rosa+S%2C+Arcidiacono+B%2C+Chiefari+E%2C+Brunetti+A%2C+Indolfi+C%2C+Foti+DP.+Type+2+diabetes+mellitus+and+cardiovascular+disease%3A+genetic+and+epigenetic+links
https://www.ncbi.nlm.nih.gov/pubmed/?term=De+Rosa+S%2C+Arcidiacono+B%2C+Chiefari+E%2C+Brunetti+A%2C+Indolfi+C%2C+Foti+DP.+Type+2+diabetes+mellitus+and+cardiovascular+disease%3A+genetic+and+epigenetic+links
https://www.ncbi.nlm.nih.gov/pubmed/?term=De+Rosa+S%2C+Arcidiacono+B%2C+Chiefari+E%2C+Brunetti+A%2C+Indolfi+C%2C+Foti+DP.+Type+2+diabetes+mellitus+and+cardiovascular+disease%3A+genetic+and+epigenetic+links
https://www.ncbi.nlm.nih.gov/pubmed/?term=King+RJ%2C+Ajjan+RA.+Vascular+risk+in+obesity%3A+facts%2C+misconceptions+and+the+unknown
https://www.ncbi.nlm.nih.gov/pubmed/?term=King+RJ%2C+Ajjan+RA.+Vascular+risk+in+obesity%3A+facts%2C+misconceptions+and+the+unknown
https://www.ncbi.nlm.nih.gov/pubmed/?term=King+RJ%2C+Ajjan+RA.+Vascular+risk+in+obesity%3A+facts%2C+misconceptions+and+the+unknown
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ho+T%2C+Zhao+X%2C+Courville+A%2C+Linderman+J%2C+Smith+S%2C+Sebring+N%2C+et+al.+Effects+of+a+12-month+moderate+weight+loss+%C4%B1ntervention+on+%C4%B1nsulin+sensitivity+and+inflammation+status+in+nondiabetic+overweight+and+obese+subjects
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ho+T%2C+Zhao+X%2C+Courville+A%2C+Linderman+J%2C+Smith+S%2C+Sebring+N%2C+et+al.+Effects+of+a+12-month+moderate+weight+loss+%C4%B1ntervention+on+%C4%B1nsulin+sensitivity+and+inflammation+status+in+nondiabetic+overweight+and+obese+subjects
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ho+T%2C+Zhao+X%2C+Courville+A%2C+Linderman+J%2C+Smith+S%2C+Sebring+N%2C+et+al.+Effects+of+a+12-month+moderate+weight+loss+%C4%B1ntervention+on+%C4%B1nsulin+sensitivity+and+inflammation+status+in+nondiabetic+overweight+and+obese+subjects
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ho+T%2C+Zhao+X%2C+Courville+A%2C+Linderman+J%2C+Smith+S%2C+Sebring+N%2C+et+al.+Effects+of+a+12-month+moderate+weight+loss+%C4%B1ntervention+on+%C4%B1nsulin+sensitivity+and+inflammation+status+in+nondiabetic+overweight+and+obese+subjects
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ho+T%2C+Zhao+X%2C+Courville+A%2C+Linderman+J%2C+Smith+S%2C+Sebring+N%2C+et+al.+Effects+of+a+12-month+moderate+weight+loss+%C4%B1ntervention+on+%C4%B1nsulin+sensitivity+and+inflammation+status+in+nondiabetic+overweight+and+obese+subjects
https://www.ncbi.nlm.nih.gov/pubmed/?term=Effect+of+a+hypocaloric+diet+in+the+oxidative+stress+in+obese+subjects+without+prescription+of+exercise+and+antioxidants
https://www.ncbi.nlm.nih.gov/pubmed/?term=Effect+of+a+hypocaloric+diet+in+the+oxidative+stress+in+obese+subjects+without+prescription+of+exercise+and+antioxidants
https://www.ncbi.nlm.nih.gov/pubmed/?term=Effect+of+a+hypocaloric+diet+in+the+oxidative+stress+in+obese+subjects+without+prescription+of+exercise+and+antioxidants
https://www.ncbi.nlm.nih.gov/pubmed/?term=Effect+of+a+hypocaloric+diet+in+the+oxidative+stress+in+obese+subjects+without+prescription+of+exercise+and+antioxidants
https://www.ncbi.nlm.nih.gov/pubmed/?term=Razavi+Zade+M%2C+Telkabadi+MH%2C+Bahmani+F%2C+Salehi+B%2C+Farshbaf+S%2C+Asemi+Z.+The+effects+of+DASH+diet+on+weight+loss+and+metabolic+status+in+adults+with+non-alcoholic+fatty+liver+disease%3A+A+randomized+clinical+trial
https://www.ncbi.nlm.nih.gov/pubmed/?term=Razavi+Zade+M%2C+Telkabadi+MH%2C+Bahmani+F%2C+Salehi+B%2C+Farshbaf+S%2C+Asemi+Z.+The+effects+of+DASH+diet+on+weight+loss+and+metabolic+status+in+adults+with+non-alcoholic+fatty+liver+disease%3A+A+randomized+clinical+trial
https://www.ncbi.nlm.nih.gov/pubmed/?term=Razavi+Zade+M%2C+Telkabadi+MH%2C+Bahmani+F%2C+Salehi+B%2C+Farshbaf+S%2C+Asemi+Z.+The+effects+of+DASH+diet+on+weight+loss+and+metabolic+status+in+adults+with+non-alcoholic+fatty+liver+disease%3A+A+randomized+clinical+trial
https://www.ncbi.nlm.nih.gov/pubmed/?term=Razavi+Zade+M%2C+Telkabadi+MH%2C+Bahmani+F%2C+Salehi+B%2C+Farshbaf+S%2C+Asemi+Z.+The+effects+of+DASH+diet+on+weight+loss+and+metabolic+status+in+adults+with+non-alcoholic+fatty+liver+disease%3A+A+randomized+clinical+trial
https://www.ncbi.nlm.nih.gov/pubmed/?term=Association+between+the+circulating+leptin+levels+and+the+biomarkers+of+oxidative+stress+and+inflammation+among+Iranian+overweight+and+obese+adults
https://www.ncbi.nlm.nih.gov/pubmed/?term=Association+between+the+circulating+leptin+levels+and+the+biomarkers+of+oxidative+stress+and+inflammation+among+Iranian+overweight+and+obese+adults
https://www.ncbi.nlm.nih.gov/pubmed/?term=Association+between+the+circulating+leptin+levels+and+the+biomarkers+of+oxidative+stress+and+inflammation+among+Iranian+overweight+and+obese+adults
https://www.ncbi.nlm.nih.gov/pubmed/?term=Association+between+the+circulating+leptin+levels+and+the+biomarkers+of+oxidative+stress+and+inflammation+among+Iranian+overweight+and+obese+adults
https://www.ncbi.nlm.nih.gov/pubmed/?term=Association+between+the+circulating+leptin+levels+and+the+biomarkers+of+oxidative+stress+and+inflammation+among+Iranian+overweight+and+obese+adults
https://www.ncbi.nlm.nih.gov/pubmed/?term=Korybalska+K%2C+Luczak+J%2C+Swora-Cwynar+E%2C+Kanikowska+A%2C+Czepulis+N%2C+Kanikowska+D%2C+et+al.+Weight+loss-dependent+and+-independent+effects+of+moderate+calorie+restriction+on+endothelial+cell+markers+in+obesity
https://www.ncbi.nlm.nih.gov/pubmed/?term=Korybalska+K%2C+Luczak+J%2C+Swora-Cwynar+E%2C+Kanikowska+A%2C+Czepulis+N%2C+Kanikowska+D%2C+et+al.+Weight+loss-dependent+and+-independent+effects+of+moderate+calorie+restriction+on+endothelial+cell+markers+in+obesity
https://www.ncbi.nlm.nih.gov/pubmed/?term=Korybalska+K%2C+Luczak+J%2C+Swora-Cwynar+E%2C+Kanikowska+A%2C+Czepulis+N%2C+Kanikowska+D%2C+et+al.+Weight+loss-dependent+and+-independent+effects+of+moderate+calorie+restriction+on+endothelial+cell+markers+in+obesity
https://www.ncbi.nlm.nih.gov/pubmed/?term=Korybalska+K%2C+Luczak+J%2C+Swora-Cwynar+E%2C+Kanikowska+A%2C+Czepulis+N%2C+Kanikowska+D%2C+et+al.+Weight+loss-dependent+and+-independent+effects+of+moderate+calorie+restriction+on+endothelial+cell+markers+in+obesity
https://www.ncbi.nlm.nih.gov/pubmed/?term=Korybalska+K%2C+Luczak+J%2C+Swora-Cwynar+E%2C+Kanikowska+A%2C+Czepulis+N%2C+Kanikowska+D%2C+et+al.+Weight+loss-dependent+and+-independent+effects+of+moderate+calorie+restriction+on+endothelial+cell+markers+in+obesity
https://www.ncbi.nlm.nih.gov/pubmed/?term=Roux-en-Y+gastric+bypass+decreases+pro-inflammatory+and+thrombotic+biomarkers+in+individuals+with+extreme+obesity
https://www.ncbi.nlm.nih.gov/pubmed/?term=Roux-en-Y+gastric+bypass+decreases+pro-inflammatory+and+thrombotic+biomarkers+in+individuals+with+extreme+obesity
https://www.ncbi.nlm.nih.gov/pubmed/?term=Roux-en-Y+gastric+bypass+decreases+pro-inflammatory+and+thrombotic+biomarkers+in+individuals+with+extreme+obesity
https://www.ncbi.nlm.nih.gov/pubmed/?term=Roux-en-Y+gastric+bypass+decreases+pro-inflammatory+and+thrombotic+biomarkers+in+individuals+with+extreme+obesity
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reduced+fibrinogen%2C+fibrinolytic+biomarkers%2C+and+physical+parameters+after+a+weight-loss+program+in+obese+subjects
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reduced+fibrinogen%2C+fibrinolytic+biomarkers%2C+and+physical+parameters+after+a+weight-loss+program+in+obese+subjects
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reduced+fibrinogen%2C+fibrinolytic+biomarkers%2C+and+physical+parameters+after+a+weight-loss+program+in+obese+subjects
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reduced+fibrinogen%2C+fibrinolytic+biomarkers%2C+and+physical+parameters+after+a+weight-loss+program+in+obese+subjects
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang+B%2C+Fan+S%2C+Zhi+X%2C+He+J%2C+Ma+P%2C+Yu+L%2C+et+al.+Interactions+of+homocysteine+and+conventional+predisposing+factors+on+hypertension+in+Chinese+adults
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang+B%2C+Fan+S%2C+Zhi+X%2C+He+J%2C+Ma+P%2C+Yu+L%2C+et+al.+Interactions+of+homocysteine+and+conventional+predisposing+factors+on+hypertension+in+Chinese+adults
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang+B%2C+Fan+S%2C+Zhi+X%2C+He+J%2C+Ma+P%2C+Yu+L%2C+et+al.+Interactions+of+homocysteine+and+conventional+predisposing+factors+on+hypertension+in+Chinese+adults
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang+B%2C+Fan+S%2C+Zhi+X%2C+He+J%2C+Ma+P%2C+Yu+L%2C+et+al.+Interactions+of+homocysteine+and+conventional+predisposing+factors+on+hypertension+in+Chinese+adults
https://www.ncbi.nlm.nih.gov/pubmed/?term=Al-Bayyari+N%2C+Hamadneh+J%2C+Hailat+R%2C+Hamadneh+S.+Total+homocysteine+is+positively+correlated+with+body+mass+index%2C+waist-to-hip+ratio%2C+and+fat+mass+among+overweight+reproductive+women%3A+A+cross-sectional+study
https://www.ncbi.nlm.nih.gov/pubmed/?term=Al-Bayyari+N%2C+Hamadneh+J%2C+Hailat+R%2C+Hamadneh+S.+Total+homocysteine+is+positively+correlated+with+body+mass+index%2C+waist-to-hip+ratio%2C+and+fat+mass+among+overweight+reproductive+women%3A+A+cross-sectional+study
https://www.ncbi.nlm.nih.gov/pubmed/?term=Al-Bayyari+N%2C+Hamadneh+J%2C+Hailat+R%2C+Hamadneh+S.+Total+homocysteine+is+positively+correlated+with+body+mass+index%2C+waist-to-hip+ratio%2C+and+fat+mass+among+overweight+reproductive+women%3A+A+cross-sectional+study
https://www.ncbi.nlm.nih.gov/pubmed/?term=Al-Bayyari+N%2C+Hamadneh+J%2C+Hailat+R%2C+Hamadneh+S.+Total+homocysteine+is+positively+correlated+with+body+mass+index%2C+waist-to-hip+ratio%2C+and+fat+mass+among+overweight+reproductive+women%3A+A+cross-sectional+study
https://doi.org/10.5262/tndt.2014.1002.03
https://doi.org/10.5262/tndt.2014.1002.03
https://doi.org/10.5262/tndt.2014.1002.03
https://doi.org/10.5262/tndt.2014.1002.03
https://www.ncbi.nlm.nih.gov/pubmed/?term=Picca+A%2C+Pesce+V%2C+Lezza+AMS.+Does+eating+less+make+you+live+longer+and+better%3F+An+update+on+calorie+restriction
https://www.ncbi.nlm.nih.gov/pubmed/?term=Picca+A%2C+Pesce+V%2C+Lezza+AMS.+Does+eating+less+make+you+live+longer+and+better%3F+An+update+on+calorie+restriction
https://www.ncbi.nlm.nih.gov/pubmed/?term=Picca+A%2C+Pesce+V%2C+Lezza+AMS.+Does+eating+less+make+you+live+longer+and+better%3F+An+update+on+calorie+restriction

	Title
	Affiliation
	ABSTRACT
	Introduction
	Methods
	Results
	Discussion
	References
	Acknowledgment

