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Abstract Obesity means the accumulation of excessive

fat that may interfere with the maintenance of optimal

state of health. Obesity causes cardiac and vascular dis-

ease through well-known mediators such as hypertension,

type-2 diabetes mellitus, and dyslipidemia, but there are

evidences for other mediators such as chronic inflamma-

tion, oxidative stress, and thrombosis. The decreased

levels of antioxidants factors and nitric oxide predispose

to further cardiovascular adverse events. To reduce the

risks, antioxidants can help by neutralizing the free radi-

cals and protecting from damage by donating electrons.

Having the capacity, vitamin C protects from oxidative

stress, prevention of non-enzymatic glycosylation of

proteins, and enhances arterial dilation through its effect

on nitric oxide release. It also decreases lipid peroxida-

tion, and alleviates inflammation. The anti-inflammatory

property of vitamin C could be attributed to ability to

modulate the NF-kB DNA binding activity and down-

regulation in the hepatic mRNA expression for the

interleukins and tumor factors.
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Abbreviations

BMI Body mass index

BP Blood pressure

CHD Coronary heart disease

CRP C reactive protein

CVD Cardiovascular disease

DBP Diastolic blood pressure

FBG Fasting blood glucose

FFAs Free fatty acids

HDL High density lipoprotein

HT Hypertension

IGT Impaired glucose tolerance

IL Interleukin

LDL Low density lipoprotein

MCP-1 Macrophage chemoattractant protein-1

MDA Malondialdehyde

MI Myocardial infarction

NF-kB Nuclear factor kB

NHANES National Health and Nutrition Examination

Survey

NO Nitric oxide

PAI-1 Plasminogen activator inhibitor-1

RCT Randomized controlled trial

ROS Reactive oxygen species

SBP Systolic blood pressure

SNPs Single-nucleotide polymorphisms

T2DM Type-2 diabetes mellitus

TC Total cholesterol

TG Triglyceride

TNF-a Tumor necrosis factor alpha

WC Waist circumference
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Obesity facts

Obesity is defined as an excess of body adiposity (in-

creased body weight). Adiposity could be determined by

using the body mass index (BMI), which commonly uses

cut-points for overweight BMI C 25 to \30 and obesity

BMI C 30, for both men and women. BMI is calculated by

using height and weight, it is also classified internationally

according to National Heart, Lung, and Blood Institute task

force, along with the associated disease risk with increasing

BMI as shown in Table 1 (National Institutes of Health

1998), and it is measured using the following formula:

BMI kg/m2
� �

= Weight kgð Þ=Height square m2
� �

However, it is recognized that the associated BMI with

mortality and morbidity risk may vary in several ethnic

groups (Weng et al. 2006). New recommendations from the

Asia-Pacific population suggested that a BMI of more than

23 means overweight and more than 25 for obesity, which

opposes the usual limits used internationally (Anuurad

et al. 2003).

Overweightness and obesity are the fifth leading risk of

global deaths, and usually means the accumulation of abnor-

mal or excessive fat thatmay interferewith themaintenance of

optimal state of health. In fact, almost 2.8 million adults

succumb to death every year owing to their overweight or

obese status (World Health Organization 2014).

Another parameter that is used to detect obesity is Waist

Circumference (WC) which is used to determine the excess

of body fat in the abdomen. According to the National

Institute for Health and Clinical Excellence (NICE) protocol

(Centre for Public Health Excellence at NICE 2006), WC

measurement is taken at the level of the superior border of

the iliac crest and parallel to the floor (Ross et al. 2008).

Table 2 illustrates the ranges of WC for males and females.

The WHO Stepwise Approach to Surveillance (STEPS)

provides a simple standardized method for collecting,

analysing and disseminating data based on ethnic differ-

ences in WHO member countries. The WHO STEPS

protocol for measuring WC instructs that the measurement

be made at the approximate midpoint between the lower

margin of the last palpable rib and the top of the iliac crest

(World Health Organization 2011). Table 3 provides a

view about WC measurements according to WHO.

Review of obesity indices

A report of European Prospective Investigation into Cancer

and Nutrition, with a data from 97,942 subjects and 7

cohorts reported that BMI was involved to predict the

prevalence of obesity and the escalating trends of obesity in

2015 in European populations (von Ruesten et al. 2011).

Sikorski et al. (2012) used a cross-sectional approach in

German study based on telephone representative sample to

investigate obesity prevention support in general public by

determined BMI.

Wang and Beydoun (2007) defined adult overweight and

obesity using BMI cut-points of 25 and 30 kg/m2; respec-

tively, to illustrate the epidemic of obesity in the United

States and its relationship with gender, age, socioeconomic

status, ethnicity, and geographic characteristics. Differ-

ently, Warraich et al. (2009) used the modified BMI

criterion for Asian populations which consider the 23 and

25 kg/m2 of BMI’s as overweight and obese; respectively,

to determine the prevalence of obesity and malnutrition in

school-going children from grades 6th to 8th of Karachi,

Pakistan. BMI C 31 kg/m2 was used to investigate the

somatic morbidity, including fatal morbidity, throughout

adulthood in men starting adult life as obese, among

Danish young men who were examined for military service

between 1943 and 1977 (Zimmermann et al. 2011).

However, BMI classification misses subjects with

increased cardiometabolic risk factors related to elevated

Table 1 Classification of obesity by Body Mass Index

BMI (kg/m2) Classification pattern

Less than 18.5 Underweight

From 18.5 to less than 25 Normal

From 25 to less than 30 Overweight (pre-obesity status)

From 30 to less than 35 Obese class I

From 35 to less than 40 Obese class II (very obese)

From 40 and more Obese class III (morbid obese)

Table 2 Waist circumference classification according to NICE

guidelines

Sex Waist circumference

(WC)

Classification

Male Less than 102 cm Normal

More than or equal

102 cm

High risk for metabolic

complications

Female Less than 88 cm Normal

More than or equal

88 cm

High risk for metabolic

complications

Table 3 Waist circumference classification according to WHO

recommendations

Country or ethnic groups Gender Measurements (cm)

Europid, International Men [94

Women [80

South Asia, China, Japan Men [90

Women [80
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adiposity (Gómez-Ambrosi et al. 2012). Therefore, the

assessment of obesity required more than one parameter. As

a part of the Geelong Osteoporosis Study, Pasco et al. (2012)

used BMI and WC as anthropometric measures for 1467

men and 1076 women aged 20–96 years, and were assessed

during the period 2001–2008; to determine the prevalence of

obesity, and to examine the relationship between the BMI

and body fat through population-based cross-sectional study.

Furthermore, a cross-sectional study was used to determi-

nate the prevalence of obesity in the Maracaibo City in

Venezuela involved 2108 individuals who were interrogated

for anthropometric measurements by WHO criteria for BMI

and WC from the adult treatment panel no. 3 (ATP-III)

statements (Bermúdez et al. 2012). In another study, BMI

and WC were used to assess the obesity of 5267 Chinese

children, who were selected from 30 primary schools of 5

provincial capital cities in order to identify the relation of

dietary patterns with obesity and related cardio-metabolic

risk factors (Shang et al. 2012). Sardinha et al. (2012)

compared the relationship of weight classes with educational

level, the prevalence of overweight, obesity, and abdominal

obesity were determined by BMI and WC among 9447

Portuguese adults aged 18–103 years.

To describe the patterns and trends in WC and abdom-

inal obesity for 7129 men and 9244 women aged 70–89 in

England during 1993–2010, Howel (2012) agreed that the

best ways of estimating the obesity and abdominal obesity

are by using BMI and WC. Recio-Rodriguez et al. (2012)

conducted cross-sectional study to analyse the relationship

between abdominal obesity and general obesity with sub-

clinical atherosclerosis, arterial stiffness, and wave

reflection in healthy, diabetics, and hypertensive subjects,

BMI and WC were used on 305 individuals.

In previous studies, part of them used BMI as a unique

indicator of obesity, while in rest the BMI and WC were

used together to determine the obesity in general, and

abdominal obesity in particular. As a measure of adiposity,

BMI does not distinguish fat mass from lean body mass,

and its validity varies by age, sex and ethnicity (Hu 2008).

WC should be superior over BMI for predicting metabolic

disorders due to: (1) most studies indicated a high corre-

lation (0.8–0.9) between WC and BMI, which makes it

difficult to separate general from abdominal obesity; (2)

using BMI and WC identify the abdominal obesity, while

using BMI indicate an overall obesity (Hu 2008).

Insights into the causes of weight gain

In USA, obesity prevalence increased from 13 to 32%

between the 1960s and 2004. Currently, 66% of adults are

overweight or obese; 16% of children and adolescents are

overweight and 34% are at risk of becoming overweight

(Wang and Beydoun 2007). It is well known that food-

related behaviour is complex and is determined by the

interplay of many factors, including physiological factors,

socio-demographic factors such as income, education,

occupation, behavioural and lifestyle factors such as

physical activity, smoking, knowledge and attitudes related

to diet and health (Al-Hazzaa et al. 2012). Moreover, a

high intake of energy-dense macronutrient-poor foods,

heavy marketing of energy dense foods and fast food

outlets, sugar sweetened soft drinks and fruit juices,

adverse social and economic conditions, all are considered

to be risk factors for obesity (Swinburn et al. 2004).

Excessive caloric intake and insufficient physical

activity are the primary factors of weight-gain (Gellman

and Turner 2012). Basically, weight-gain results from a

sustained positive energy balance; that is, expending

energy less than consumed over an extended period of

time. Weight-gain results from a complicated overlap

between biological, environmental, genetic, and psy-

chosocial factors that impact satiety, appetite, and storage

of food as body fat (Gellman and Turner 2012).

Biologic influences

Biological system complexity has a big effect on energy

balance, this system balances the amount of body fat by

regulating the unconscious drive to eat, which is adaptive

in times of food shortage, but has become problematic

given the relative plenty of dense-caloric foods and limited

physical activity participation (Friedman 2009).

Different biological factors have managed energy

expenditure. Ghrelin is a novel gut peptide that has been

isolated from human stomach tissues (Kojima et al. 1999).

There is evidence to suggest that ghrelin could be involved

in energy homeostasis, specifically in the regulation of food

intake and substrate oxidation (Wortley et al. 2004). St-

Pierre et al. (2004) found that higher levels of ghrelin are

associated with low levels of resting and postprandial

thermogenesis, which is independent of individual differ-

ences in fat-free mass and fat mass. Although speculative,

serum ghrelin may play a role in the regulation of energy

homeostasis by acting as a hormonal marker of increased

energy efficiency.

Genetic contributors

Escalated obesity is not based on genetic origin; genes

interplay with environmental factors to elevate risk inci-

dence of obesity. Assessing the participation of genes in

obesity; the percentage of variability due to genetic factors is

about 75%, indicating that genetics play a clear role in

vulnerability to increased obesity (Walley et al. 2009). The

single gene mutations are responsible for rare forms of
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monogenic obesity [leptin (LEP), leptin receptor (LEPR),

melanocortin-4 receptor (MC4R), and pro-opiomelanocortin

(POMC)]. However, there is growing evidence that common

genetic variants or single-nucleotide polymorphisms (SNPs)

may play an important role in the obesity epidemic. These

SNPs have modest effects on an individual susceptibility to

common forms of obesity, but due to their high frequency,

they can have a large contribution to obesity on the popu-

lation level (Nguyen and El-Serag 2010).

Perinatal influences and social networks

Children are more likely to be obese if their mothers had

severe obesity; this fact highlights the significance of gene-

environment interactions (Kral et al. 2006). From Fram-

ingham Heart Study, person’s risk of becoming obese

increased by 57% if a friend became obese, also, the risk of

becoming obese increased by 40 and 37% if a person had a

sibling or spouse who became obese, respectively (Chris-

takis and Fowler 2007).

Environmental factors

Obesogenic environment means promoting excess eating

and physical inactivity (Al-Hazzaa et al. 2012). Energy

expenditure has decreased in the developed world, majorly

due to sedentary work of employment, limited physical

exertion by energy-saving devices, and minor physical

requirements for transportation. With physical inactivity,

desire for inexpensive fast foods has increased dramati-

cally; these foods contain high amounts of fat and sugar

‘‘caloric dense’’. Indeed, the food marketing promotes

consumption of these foods through aggressive advertising

(Kumanyika et al. 2008). Other studies have demonstrated

aspects of the buildings environment (such as homes,

schools, and shopping malls) that contributes to the

prevalence of obesity. Residents of communities with

ready access to healthful foods tend to have healthier diets

and lower incidence of obesity. Low income can contribute

to higher levels of obesity (Sallis and Glanz 2009), and

obesity tends to be more prevalent among people who are

less educated or earn lower incomes than people who are

more educated or earn higher incomes (Robert Wood

Johnson Foundation 2008).

Severity of obesity

Adams et al. (2006) mentioned that a modest increase in

weight may reduce lifespan, and increased substantial

associated costs. This cohort study reported mortality rates

through 10 years for about a half-million Americans aged

between 50 and 71 years in the National Institutes of

Health-American Association of Retired Persons. The

results demonstrated that 20–40% increase in mortality in

all subjects (both men and women) who were overweight

in midlife, and a two to threefold increased risk of mor-

tality among obese individuals.

The complications of obesity were studied extensively,

obesity was related to cancer, cardiovascular disease

(CVD), increased mortality and metabolic consequences,

and reduced quality of life. The relationship between

obesity and CVD especially coronary heart disease (CHD)

has been analysed in more than 100 prospective studies,

three meta-analyses worldwide including about 92

prospective studies, they have specified the association

between obesity components and CHD mortality and

incidence. Obesity can progress to metabolic syndrome by

exerting a state of chronic low-grade inflammation, which

may explain the development of the obesity-related

pathologies, such as CVD and type-2 diabetes mellitus

(T2DM) (Hu 2008). Additionally, it plays an important role

in the development of insulin resistance that triggers the

comorbidities of metabolic syndrome, such as dyslipi-

demia, hypertension (HT), hyperglycaemia, prothrombotic

state, and atherosclerosis (Boura-Halfon and Zick 2009).

In Asian Pacific Cohort, 33 cohort studies from Japan,

Singapore, New Zealand, Australia, China and other

countries with more than 300,000 participants have anal-

ysed, who were adjusted for age, sex, and smoking habit.

The analysis found a strong linear relationship of BMI with

CHD and stroke. It was stated that as; each 2 kg/m2

increment of BMI would increase the risk of ischemic

stroke by 12% (95% CI 9–15%) and 11% increase of CHD

(95% CI 9–13%). The main findings of this analysis were

more than 3000 incidents of stroke, and more than 2000

incidents of CHD (Ni Mhurchu et al. 2004).

The diverse Populations Collaboration analysed about

26 cohort studies from the United States with more than

380,000 participants adjusted for smoking and stratified

analysis by age. The analysis found Relative Risks (RRs)

for CHD mortality, for obese groups relative to normal-

weight group were 1.51 (95% CI 1.36–1.67) for males and

1.62 (95% CI 1.46–1.81) for females (McGee and Col-

laboration 2005).

Likewise, Bogers et al. (2007) analysed about 31 cohorts

from the United States and Europe with about 390,000

participants adjusted for age, sex, and smoking. The main

finding was the incidence of CHD significantly increased

with higher levels of BMI. Obesity was associated with

relative risks of 1.69 (95% CI 1.44–1.99) compared to

normal weight.

In addition to producing illness, obesity has the ability to

reduce functional capacity. Alley and Chang (2007) eval-

uated the relationship between obesity and disability during

the period of 1998–2004. They used NHANES data to
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examine the association of changes in weight and the

prevalence of disability. Disability is defined as impaired

activities of daily living and/or functional impairment. The

study found that, the prevalence of disability among obese

subjects grew relative to that seen in normal-weight sub-

jects, 42.2% of obese subjects reported some degree of

functional impairment compared with 26.6% in normal-

weight subjects. For impairment of activities of daily liv-

ing, 5.5% was reported in obese people compared to 3.5%

in normal-weight individuals.

Furthermore, there is a consensus agreement on

increased blood pressure (BP) with increased weight or

BMI in both males and females. Weber et al. (2004) stated

that high BMI was associated with HT, and considered as a

primary cause of elevated BP. El Bcheraoui et al. (2014)

screened the association of socio-demographic factors with

overweightness and obesity; they found BP increased with

increasing weight among Saudis adults, and Abd Elaziz

et al. (2014) found the level of BP increased with over-

weightness and more for obese adults in Cairo, Egypt.

Mechanisms linking obesity and cardiovascular
disease

Obesity is increasingly recognized as a serious health

problem, there are still many unanswered questions about

how the multiple disorders associated with excess weight

gain interact to cause cardiovascular and renal diseases.

Although, there is a growing evidence suggests that obesity

initiates a cascade of disorders including HT, diabetes,

atherosclerosis, and chronic renal disease. Abnormal kid-

ney function, caused by increased renal tubular

reabsorption, initiates volume expansion and increased BP

during excess weight gain, and the HT and metabolic

abnormalities associated with obesity, in turn, contribute to

chronic renal disease. Obesity causes cardiac and vascular

disease through well-known mediators such as HT, T2DM,

and dyslipidemia, but there is evidence for less well-

characterized mediators such as chronic inflammation,

oxidative stress, and thrombosis (Hall et al. 2002).

Indeed, in recent years, metabolic syndrome has asso-

ciated with global epidemic of obesity and diabetes, which

reported as diabesity (Zimmet et al. 2001). The state of

metabolic syndrome increases the risk not only for devel-

oping diabetes but also for CVD (Grundy et al. 2004). In

the Diabetes Epidemiology: Collaborative Analysis of

Diagnostic Criteria in Europe (DECODE) study involving

European men and women, non-diabetic persons with the

metabolic syndrome had an increased risk of death from all

causes as well as from CVD. After adjustment for age,

blood cholesterol levels, and smoking, the overall hazard

ratios for all-cause and CVD mortality in persons with the

metabolic syndrome as compared with persons without it

were 1.44 and 2.26 in men and 1.38 and 2.78 in women

(Hu et al. 2004).

As a major cause of insulin resistance, obesity can be

complicated by metabolic dysregulation including HT and

dyslipidemia (high levels of triglycerides and circulating

fatty acids originating from the diet or accelerated lipolysis

in adipocytes), thus results in diabetes, and progresses to

CVD (Bilan et al. 2009). Figure 1 was adapted from Ellulu

et al. (2016a) has reported the link between the obesity

status and metabolic syndrome via inflammatory and

oxidative stress mechanisms.

Obesity and inflammation

Inflammation is considered a characteristic feature of

metabolic syndrome (Bassuk et al. 2004), characterized by

secreting inflammatory adipokines usually from adipose

tissue, such as leptin, interleukin (IL-6), tumor necrosis

factor alpha (TNF-a), macrophage chemoattractant pro-

tein-1 (MCP-1), and resistin (Lafontan 2004).

There are positive associations between different mea-

sures of obesity and plasma adipokines levels (Straub et al.

2000). It has been calculated that one-third of total circu-

lating concentrations of IL-6 originate from adipose tissue

(Fontana et al. 2007). In fact, there exists increased evi-

dence that obesity constitutes a low-grade inflammatory

state, and it was represented in metabolic processes regu-

lation (Scheller et al. 2011).

The overexpressed pro-inflammatory cytokines in obe-

sity is considered the link between obesity and

Obesity (accumulation of fat in adipose tissue)

� Hyperplasia & Hypertrophy
� Reduced blood supply
� Hypoxia
� Necrosis & macrophage infiltration 

in adipose tissue   
� Activation of Serine Kinase 

cascade: cJNK, IKK, PKR
� Activation of Toll-like receptor

Overproduction of inflammatory 
mediators/ cytokines

Localized adipocyte inflammation
↑TNF-α, ↑IL-6, & ↓Adiponectin

↑↑FFAs release from the liver

Overproduction of IL-6

Liver stimulated to synthesize 
and secrete CRP

Endothelial/ Microvascular dysfunction
↓NO, ↑ROS (Free Radicals)

Pro-inflammatory state, alteration in lipid and glucose metabolism, atherosclerosis, 
hypertension, & insulin resistance: →→Metabolic Syndrome

Fig. 1 Mechanisms linking obesity and metabolic syndrome via

inflammatory mediators and oxidative stress mechanisms (Ellulu et al.

2016a). TNF-a tumor necrosis factor alpha, IL-6 interleukin 6, NO

nitric oxide, ROS reactive oxygen species, cJNK c-jun N-terminal

kinase, IKK inhibitor of k kinase, PKR protein kinase R
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inflammation (Hotamisligil 2006). Adipose tissue responds

to stimulation of extra nutrients via hyperplasia and

hypertrophy of adipocytes. The nature of adipose tissue is

heterogeneous; including endothelium, immune cells, and

adipocytes (Halberg et al. 2008). With progressive adipo-

cyte enlargement and obesity, the blood supply to

adipocytes may be reduced, leading to consequent hypoxia

(Cinti et al. 2005).

Hypoxia is proposed to be an inciting etiology of

necrosis and macrophage infiltration into adipose tissue

that leads to production of inflammatory mediators. This

result in a localized inflammation in adipose tissue that

propagates an overall systemic inflammation associated

with the development of obesity-related comorbidities

(Trayhurn and Wood 2004). Amongst inflammatory

mediators, three are produced by macrophages: TNF-a, IL-
6, and adiponectin (Karastergiou and Mohamed-Ali 2010).

IL-6 strongly stimulates hepatocytes to produce and secret

the C reactive protein (CRP) indicating a state of inflam-

mation (Zhang et al. 2009).

Moreover, in obesity, accumulation of free fatty acids

activates pro-inflammatory serine kinase cascades, such as

IkB kinase and c-JunN-terminal kinase, which in turn

promotes adipose tissue to release IL-6 that triggers hep-

atocytes to synthesize and secrete CRP (Rocha and Libby

2009). For simple illustration, Fig. 2 adapted and modified

from Badawi et al. (2010) explains the relationship of

inflammatory markers and disease factors to specific stages

pathologic continuum from overweight to T2DM and

CVD.

Overweight as indicated in Fig. 2 sets the stage for low-

grade chronic inflammation, with adiponectin levels

decreasing while resistin, free fatty acids (FFAs) and TNF-

a increase. As overweight progresses to obesity, continued

inflammation further leads to elevated CRP, fibrinogen, IL-

6, IL-1b and haptoglobin. Obesity can be complicated by

metabolic dysregulation (metabolic syndrome) to develop

frank T2DM where low density lipoprotein (LDL)

cholesterol and triglyceride levels increase, high density

lipoprotein (HDL) cholesterol levels deceases and HT and

impaired glucose tolerance (IGT) manifest (Dandona et al.

2003). Throughout the pathologic continuum from over-

weight to T2DM, insulin resistance increases progressively

and the risk of CVD elevates. Metabolic syndrome is

associated with about twofold increased susceptibility to

CVD whereas T2DM is linked to fourfold higher risk

(Lüscher et al. 2003).

Other factor can link obesity with inflammation, the

bacterial lipopolysaccharide derived from gut microbiota

acts as a trigger for systemic inflammation through binding

with CD14 receptors (DiBaise et al. 2008). Growing evi-

dence has described the microbiome as an integral part of

physiology; microbiome can contribute to obesity via

increasing dietary energy harvest, promoting fat deposi-

tion, triggering systemic inflammation, perhaps modifying

locomotor activity, and having central effects on satiety

(Tsai and Coyle 2009).

Obesity and oxidative stress

Reactive oxygen species (ROS) are a byproduct of the

normal metabolism of oxygen and have important roles in

cell signaling and homeostasis. An imbalance between

ROS production and the cellular antioxidant defense sys-

tem leads to oxidative stress (Ellulu et al. 2016b).

Environmental factors and genetic interactions play key

roles in oxidative stress mediated pathologies (De Marchi

et al. 2013). ROS can originate from different subcellular

sources, but mitochondria are generally considered the

primary source of ROS generation (Adam-Vizi and Chi-

nopoulos 2006).

In stress conditions, ROS levels increase and, because of

their high reactivity, participate in a variety of chemical

reactions. They are involved in cell damage, necrosis, and

apoptosis via oxidation of lipids, proteins, and DNA (Elahi

et al. 2009), and provoke also endothelial dysfunction,

infiltration, and activation of inflammatory cells (Hulsmans

et al. 2012). Smoking, diabetes, and obesity are indepen-

dently associated with increased oxidative stress in both

sexes (Keaney et al. 2003).

In addition to serving as a storage depot for lipid energy,

adipose tissue is a metabolically active endocrine organ.

Obesity is a chronic inflammatory state, total and abdom-

inal obesity are significantly and positively associated with

serum CRP levels, which is largely regulated by IL-6

(Heinrich et al. 1990). Inflammation is a source of

↑Resistin
↑FFA

↑TNF-α
↓Adiponectin

↑IL-1β, ↑IL-6
↑Fibrinogen

↑CRP
↑Haptoglobin

↑TG
Hypertension
↑LDL, ↓HDL

IGT

Overweight

Cardiovascular disease

Obesity Metabolic 
syndrome T2DM

Insulin Resistance 

Fig. 2 The relationship of inflammatory markers and disease factors

to specific stages pathologic continuum from overweight to T2DM

and CVD (Badawi et al. 2010). Depicted are the increases or

decreases in relative values of various inflammatory markers and

disease factors that take place as overweight progresses towards

T2DM. CRP C reactive protein, FFA free fatty acids, IGT impaired

glucose tolerance, IL interleukin, HDL high-density lipoprotein, LDL

low-density lipoprotein, TG triglycerides, T2DM type-2 diabetes

mellitus
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oxidative stress, which is also implicated in the develop-

ment of atherosclerosis. Consistently, elevated levels of

oxidative stress markers like malondialdehyde (MDA) and

F2-isoprostanes have been found in a number of inflam-

matory diseases (Dworski et al. 2001) (F2-isoprostanes are

prostaglandin-like products of the free radical-catalyzed

peroxidation of arachidonic acid. They are formed in situ

esterified to phospholipids and are released into plasma by

phospholipases. Both MDA and F2-isoprostanes are

established biomarkers of lipid peroxidation in vivo)

(Morrow et al. 1992). Increased production of ROS may

also enhance the inflammatory response by activating

redox-sensitive nuclear transcription factors such as

nuclear factor kB (NF-kB). These transcription factors are

essential for the inducible expression of genes associated

with immune and inflammatory responses, including

cytokines, inducible NO synthase, and resulting in the

increased expression of adhesion molecules on the surface

of endothelial cells and vascular smooth muscle cells,

resulting in an inflammatory state in adipose tissue,

endothelial dysfunction, and, ultimately, atherogenesis

(Lastra et al. 2006). Thus, the pro-inflammatory and pro-

oxidant effects of increased adiposity represent a potential

link between obesity and CVD (Lavrovsky et al. 2000).

Another oxidative stress marker is the urinary levels of

8-iso Prostaglandin F2a, which are positively related with

obesity and insulin resistance, and negatively associated

with plasma concentration of adiponectin, the anti-inflam-

matory adipokine. ROS including free radicals are

etiologically involved in the development CVD including

atherosclerosis, arrhythmia, cardiomyopathy, congestive

heart failure, and ischemic heart disease (Zalba et al. 2001).

Table 4 adapted from Fernández-Sánchez et al. (2011)

have summarized the mechanisms of formation of free

radicals during obesity.

Obesity and thrombosis

Adipose tissue is metabolically active organ through

secreting hormones, cytokines and growth factors that act

in an autocrine, paracrine or endocrine manner. These

moieties influence and help control energy homeostasis,

glucose and lipid metabolism, and vascular homeostasis.

Factors released from adipose tissue involved interleukins,

leptin, resistin, adiponectin, fibrinogen, tissue factor (TF),

Factor VII and VIII, and plasminogen activator inhibitor-1

(PAI-1) (Darvall et al. 2007).

Fibrinogen promotes arterial and venous thrombosis

through increased fibrin formation, platelet aggregation and

plasma viscosity; and promotes atherosclerosis through

vascular smooth muscle and endothelial cell proliferation

(Reiner et al. 2001). The coagulation cascade is initiated

when TF is exposed to blood and binds with factor VIIa.

Obese patients’ exhibit increased TF-mediated coagulation,

with raised adipocyte and monocyte TF expression sec-

ondary to elevated levels of CRP, TNF-a, angiotensin II

and insulin (Visser et al. 1999). Furthermore, high factor

VII and factor VIII levels correlate with measures of

obesity, and an increased risk of CHD and stroke in many

studies. High triglycerides and low HDL cholesterol, the

most common lipid disturbances found in obesity, are also

found with high factor VII and VIII levels (Woodward

et al. 1997). Indeed, obesity has the potentiality to develop

cardiac and vascular diseases through interrelated

Table 4 The mechanisms of formation of free radicals during obesity

Title Mechanism

Adipose tissue Obesity oxidative stress resulted from the increased release adipocytes inflammatory mediator like TNF-a, IL-1, and
IL-6; these cytokines are potent stimulators for the production of ROS and nitrogen by macrophages and

monocytes. Moreover, adipocytes secrete angiotensin II, that stimulates NAD(P)H oxidase leading to major

formation of ROS production in adipocytes

Fatty acid oxidation Mitochondrial oxidation of fatty acids are capable of producing free radicals in liver and, therefore, oxidative stress,

which could result in mitochondrial DNA alterations in the oxidative phosphorylation that occurs in

mitochondria, causing structural abnormalities and overproduction of ROS

Overconsumption of

oxygen

Obesity increases the mechanical load and myocardial metabolism; therefore, oxygen consumption is increased. The

increased oxygen consumption produces ROS as superoxide, hydroxyl radical, and hydrogen peroxide derived

from the increase in mitochondrial respiration, and from the loss of electrons produced in the electron transport

chain

Accumulation of cellular

damage

Excessive fat accumulation can cause cellular damage due to pressure effect from fat cells. Cellular damage in turn

leads to high production of cytokines such as TNF-a, which generates ROS in the tissues, increasing the lipid

peroxidation rate

Type of diet Consumption of diets high in fat may alter oxygen metabolism. Fatty deposits are vulnerable to suffering oxidation

reactions. If the production of these ROS exceeds the antioxidant capacity of the cell, oxidative stress resulting in

lipid peroxidation could contribute to the development of atherosclerosis

TNF-a tumor necrosis factor alpha, IL interleukin, ROS reactive oxygen species, NAD(P)H nicotinamide adenine dinucleotide phosphate
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mechanisms involving inflammation, oxidative stress, and

thrombosis. Figure 3 adapted and modified from Darvall

et al. (2007) explained the relationship between obesity,

oxidative stress, endothelial dysfunction and thrombosis.

Further mechanisms linking obesity

and cardiovascular disease

Obesity develops CVD not only by generating inflamma-

tion, oxidative stress, and thrombosis. As shown in Fig. 3,

if obesity lasts for a long time, the antioxidant defense

factors could be depleted, as represented by decreasing the

activity of enzymes like superoxide dismutase, glutathione

peroxidase, and catalase. It was approved that obese indi-

viduals are significantly lower in circulated antioxidant

enzymes, having implications for the development of

obesity-related health problems (Ozata et al. 2002). In

addition, levels of serum antioxidants, such as vitamin A,

vitamin E, vitamin C, and b-carotene, as well as glu-

tathione, are decreased in obesity, and ROS decreases the

expression of adiponectin (Furukawa et al. 2004).

Nitric oxide (NO) is a physiological regulator of diverse

functions in several tissues. NO is an important anti-

atherogenic agent and it inhibits platelet activation and

aggregation, leukocyte chemotaxis, and endothelial adhe-

sion. Endothelium-dependent vasodilation of NO is

impaired under condition of obesity, which is observed

equally in the presence of hypercholesterolemia (DeSouza

et al. 2005).

Furthermore, obesity increases cardiovascular risk

through risk factors such as increased fasting plasma

triglycerides, high LDL cholesterol, low HDL cholesterol,

elevated blood glucose and insulin levels and high BP.

Novel lipid dependent, metabolic risk factors associated to

obesity are the presence of the small dense LDL pheno-

type, postprandial hyperlipidemia with accumulation of

atherogenic remnants and hepatic overproduction of apoB

containing lipoproteins. All these lipid abnormalities are

typical features of the metabolic syndrome and may be

associated to a pro-inflammatory gradient which in part

may originate in the adipose tissue itself and directly affect

the endothelium. The link between obesity, the metabolic

syndrome and dyslipidemia, observed in the development

of insulin resistance in peripheral tissues leading to an

enhanced hepatic flux of fatty acids from dietary sources,

intravascular lipolysis and from adipose tissue resistant to

the antilipolytic effects of insulin (Klop et al. 2013).

Obesity and cardiovascular disease

Increased body weight in healthy people leads to metabolic

syndrome development. Metabolic syndrome is associated

with the development of diabetes and CVD. As indepen-

dent risk factor, obesity and particularly abdominal obesity

are associated with CVD irrespective of races or sex dif-

ferences (Yusuf et al. 2004). The majority of hypertensive

patients are obese subjects, each 10 kg higher body weight

is associated with a 3.0 mmHg higher systolic and

2.3 mmHg higher diastolic BP (Flegal et al. 1998). These

increases translate into an estimated 12% increased risk for

CHD and 24% increased risk for stroke (National Institutes

of Health 1998).

The prevalence of sleep-disordered breathing and sleep

disturbances rises dramatically in obese subjects, meaning

that obesity is the most important modifiable risk factor for

sleep disordered breathing (Bearpark et al. 1995). Each

1-unit increase in BMI was associated with a multiple

adjusted increase of 4% in the risk of ischemic stroke and

6% for hemorrhagic stroke (Kurth et al. 2002), also, obesity

considered as independent risk factor for developing

coronary artery diseases due to fatty streak and advanced

lesion (fibrous plaques and plaques with calcification or

Adipose Tissue

IL-6                              TNF-α Angiotensin II

↑ Hepatic 
synthesis of CRP                                                                           Superoxide                       ↑ LDL uptake by                    

production                                macrophages

Inflammation                                     
Lipoprotein 

oxidation

Obesity                                          “Oxidative Stress”   

Reduced antioxidant defense
mechanism:                                                                                               

* ↓ erythrocyte glutathione                                                                
* ↓ glutathione peroxidase

� Platelets aggregation
� Endothelial dysfunction
� Thrombosis  

Fig. 3 Oxidative stress and

obesity: the relationship

between obesity, inflammation,

oxidative stress, endothelial

dysfunction and thrombosis

(Darvall et al. 2007). TNF-a
tumor necrosis factor alpha, IL-

6 interleukin 6, CRP C reactive

protein, LDL low density

lipoprotein

320 M. S. Ellulu

123



ulceration); as evidenced by Framingham Heart Study

(Poirier et al. 2006).

Furthermore, elevated BMI predisposes to congestive

heart failure by promoting HT, T2DM, and CHD. It is

estimated that there is an increase in the risk of CHF of 5%

for men and 7% for women for each increment of 1-unit of

BMI with the existence of a continuous gradient without

evidence of a threshold (Kenchaiah et al. 2002). Finally,

weight-stable obese subjects have an increased risk of

arrhythmias and sudden death for both genders, even in the

absence of cardiac dysfunction (Kannel et al. 1988).

Effect of vitamin C

The term ‘‘Vitamin C’’ refers to the chemical compound

ascorbic acid. There are two forms of ascorbic acid; namely,

D and L-ascorbic acid. The principal natural compound with

vitamin C activity is L-ascorbic acid (Rekha et al. 2012).

Vitamin C is a reducing agent or antioxidant due to its

characteristic of donating an electron, and probably all of its

metabolic roles can be accounted for this function. Antiox-

idant neutralizes free radicals and protects from damage by

donating one or two electrons (Wilson 2005). In body cells

and fluids, vitamin C protects tissues from oxidative stress

and thus plays an important role in preventing diseases

(Wilson 2005). Vitamin C is structurally similar to glucose

and can replace it in many chemical reactions, and thus is

effective in the prevention of non-enzymatic glycosylation

of proteins (Afkhami-Ardekani et al. 2003). A possible

mechanism for the beneficial effect of plasma vitamin C on

heart failure may be related to the fact that vitamin C

enhances arterial dilation through its effect on nitric oxide

release (Plantinga et al. 2007).

Vitamin C deficiency occurs when vitamin C storage

decreases to half of its optimal size (lacking vitamin C

from diet for more than a month), scurvy symptoms begin

to appear. Two signs of a vitamin C deficiency illustrate its

role in maintaining the integrity of blood vessels; the gums

bleed easily around the teeth, and capillaries under the skin

break spontaneously, producing pinpoint haemorrhage

(Whitney and Rolfes 2008).

Many other signs may take place as a result of inade-

quate intake of vitamin C, like; haemorrhaging, rough,

brown, and dry skin due to inadequate collagen synthesis,

the inability to form scar tissue resulting in failure of

wounds to heal. Anaemia, infections, and fracture of long

bones are also common due to inadequate intake of vitamin

C (Whitney and Rolfes 2008). Hypovitaminosis C is

associated with depression in hospitalized patients (Zhang

et al. 2011), Alzheimer’s disease (von Arnim et al. 2012),

lipid and blood sugar abnormalities (Afkhami-Ardekani

and Shojaoddiny-Ardekani 2007).

Therapeutic use of vitamin C

Vitamin C has various therapeutic uses; it reduces risks

associated with smoking, such as improving pulmonary

function (McEvoy et al. 2014), reduces myocardial injury

due to smoking (Das et al. 2012), decreases lipid peroxi-

dation (Kuiper et al. 2011), and alleviates inflammation

(Block et al. 2004). It also protects against cancer through

decreasing the incidence of oral premalignant lesions as

provided by Maserejian et al. (2006), and help against gout

(Choi et al. 2009). Moreover, the effects of vitamin C also

include improving the mood (Zhang et al. 2011), and

protect against neural damage (Tveden-Nyborg et al.

2009).

Khajehnasiri et al. (2013) used RCT to identify the role

of vitamin C (250 mg/twice a day) and/or LC n-3 PUFAs

(180 mg EPA/120 mg DHA) on inflammatory markers

among 136 shift workers with a depression score C10 in

21-item Beck Depression Rating Scale for 60 days. This

study showed that supplementation of EPA/DHA plus

vitamin C was associated with a decrease in depression

score (p\ 0.05).

Effect of vitamin C on blood pressure and heart

diseases

Large epidemiological studies have reported that dietary

intake of antioxidants inversely correlates with hyperten-

sion (Salonen et al. 2003; Myint et al. 2008). Similarly,

treatment with ascorbic acid significantly improved sys-

tolic blood pressure (SBP) and diastolic blood pressure

(DBP) in mild-to-moderate hypertensive patients (Duffy

et al. 1999). In experimental models of hypertension,

vitamin C alone or in combination with vitamin E

increased the synthesis of nitric oxide and reduced BP

(Sherman et al. 2000; Xu et al. 2000). In addition, the

antioxidant rich diet was shown to relieve hypertension and

reduces renal immune cell infiltration (Rodriguez-Iturbe

et al. 2003).

Wannamethee et al. (2013) examined prospectively the

associations between plasma levels of both vitamin C and

E, dietary intakes of vitamin C and incident heart failure

(HF) of 3919 men aged 60–79 years with no prevalent HF

followed up for a mean period of 11 years, in whom there

were 263 incident HF cases. Higher plasma vitamin C was

associated with a reduced risk of HF in older men with or

without MI.

Juraschek et al. (2012) reviewed randomized controlled

trials to assess the association between vitamin C and BP.

A total of 29 studies have been reviewed with minimum

dose of 500 mg, and median duration of 8 weeks, in the

results showed that short term administration of vitamin C

can reduce BP, but more evidence is needed for long
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duration intake. Pfister et al. (2011) examined the

prospective association of plasma vitamin C concentrations

with incidents of fatal and nonfatal heart failure in appar-

ently healthy men and women, aged 39–79 years

participating in the ‘‘European Prospective Investigation

into Cancer and Nutrition’’. As plasma level of vitamin C

increased the incidence of heart failure decreased. Every

20 ± 1.0 lmol/L, the increase in plasma vitamin C con-

centration was associated with a 9% relative reduction in

risk of HF.

Block et al. (2008) used a cross-sectional study to

examine the association between plasma ascorbic acid

concentration and BP in 242 women aged 18–21 years.

After adjusting for race, BMI, education, and fat and

sodium intake, the level of ascorbic acid was classified into

four groups. Subjects in the highest level of the plasma

ascorbic acid distribution had 4.66 mmHg lower SBP (95%

CI 1.10–8.22 mmHg, p = 0.005) and 6.04 mmHg lower

DBP (95% CI 2.70–9.38 mmHg, p = 0.0002) than those in

the lowest level of plasma ascorbic acid.

Kim et al. (2002) organized a double blinded RCT to

investigate the long-term effect of vitamin C supplemen-

tation on BP; two groups were supplemented with 50 or

500 mg vitamin C for 5 years in Japan. Before supple-

mentation, neither SBP nor DBP was significantly related

with the serum vitamin C concentration. After adjusting for

age, BMI, and alcohol intake, or stratification for gender,

SBP was increased in the both high dose and low dose

vitamin C groups 5.88 mmHg increase (95% CI

3.11–8.65), and 5.73 mmHg increase (95% CI 2.62–8.83);

respectively. There was no change of DBP, and the con-

clusion is that there is no reduction in BP with long-term

moderate doses (500 mg/day) of vitamin C

supplementation.

Effect of vitamin C on diabetes

Park et al. (2015) conducted a study to assess whether the

intake of vitamin A, vitamin C, fruits, or vegetables was

negatively associated with metabolic syndrome in Korean

adults aged 20 years by using a cross-sectional study of

27,656 adults who participated in the 2007–2012 Korean

National Health and Nutrition Examination Survey. The

results showed twofold increase in total vitamin C intake

among women, indicating a decrease of 6.7% in metabolic

syndrome.

Ellulu et al. (2015) recruited 64 HT and/or T2DM

patients in a parallel RCT; the supplementation of 1.0 g of

vitamin C for 8 weeks was effectively changed the

inflammatory and metabolic markers. CRP and IL-6 were

reduced significantly (from 14.86 ± 9.20 to

7.74 ± 4.53 mg/L, p\ 0.05; from 2.20 ± 0.75 to

1.40 ± 0.53 pg/mL, p\ 0.05; respectively). Similarly,

fasting blood glucose (FBG) and triglyceride (TG) were

also reduced significantly after 8 weeks of vitamin C

intervention (from 188.13 ± 81.24 to 126.16 ± 34.06 mg/

dL, p\ 0.05; and from 223.81 ± 87.88 to

155.10 ± 48.12 mg/dL, p\ 0.05; respectively).

Montero et al. (2014) reviewed 10 RCTs systematically,

and quantified the effect of antioxidant vitamin E and/or C

supplements on endothelial function in T2DM subjects.

Post-intervention standardized mean difference (SMD) in

endothelial function did not reach statistical significance

values (0.35; 95% CI -0.17 to 0.88; p = 0.18). In a sub-

group analysis, post-intervention endothelial function

significantly improved in T2DM subgroups, with BMI B

29.45 kg/m2 (SMD = 1.02; p\ 0.05), but not in T2DM

subgroups with BMI[ 29.45 kg/ m2, indicating that pro-

longed antioxidant vitamin E and/or C supplementation

could be effective in improving endothelial function in

non-obese T2DM.

Siavash and Amini (2014) enrolled 50 patients of T2DM

in three groups, the first one received 1.0 g vitamin C, the

second received 600 mg gemfibrozil, and the last one got a

combination of both to find out the change in lipid profile

and FBG. Vitamin C had similar results to gemfibrozil in

elevating HDL cholesterol, but no effects were detected in

FBG or other lipid biomarkers.

Gaur and Dixit (2012) assessed the comparative effects

of vitamin C supplementation on lipid profiles in 60 heal-

thy male and female human subjects, 30 individuals were

given 500 mg vitamin C tablets one daily basis for 30 days,

and the control group of 30 individuals were given placebo

capsules (glucose 500 mg). Vitamin C caused significant

reduction in total cholesterol (TC) and LDL cholesterol.

Dakhale et al. (2011) examined the effect of oral vitamin

C with metformin on FBG, HbA1c, and plasma ascorbic

acid level with T2DM, using a double-blinded RCT for

12 weeks. Two groups consisting of 35 patients each, one

group received a placebo with metformin and the second

received vitamin C with metformin. In conclusion, oral

supplementation of vitamin C with metformin reversed

ascorbic acid levels in blood, reduced FBG and improved

HbA1c.

Jariyapongskul et al. (2007) studied the role of vitamin

C in protecting against diabetic retinopathy in rats induced

by streptozotocin (STZ) injection. After dividing the rats

into two groups; one fed vitamin C supplements (1.0 g per

1 l water), and the other was not fed vitamin C. Significant

correlation was observed between a decreased plasma level

of vitamin C and blood glucose level in both groups.

Furthermore, Sargeant et al. (2000) examined the cross-

sectional association between plasma vitamin C level, and

HbA1c in self-reported DM patients. The mean plasma of

vitamin C levels were significantly higher in individuals

with HbA1c levels\7%.
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Effect of vitamin C on inflammation

Ford et al. (2003) stated that the inflammatory process

increased production of ROS, which may deplete stores of

antioxidants including vitamin C. As an antioxidant, vitamin

C increases extracellular collagen production that is impor-

tant for immune cells function (Ottoboni and Ottoboni

2005). Use of vitamin C in treating inflammations associated

with diseases has been considered, it can be used with

depression (Khajehnasiri et al. 2013), cancers (Du et al.

2012; Mikirova et al. 2013), gastritis (Aditi and Graham

2012), lung diseases and asthma (Sexton et al. 2013).

The mechanisms of anti-inflammatory properties of

vitamin C with antioxidant capacity have been attributed to

their ability to modulate the NF-kB-DNA binding activity

(Carcamo et al. 2002; Choi et al. 2004). The activation is

primarily promoted by oxidative stress and lead to cyto-

kine-induced expression of cell adhesion molecules (CAM)

molecules in the vascular endothelium and to TNF-a and

IL-6 induced production of CRP by the liver (Wu and

Schauss 2012). Jang et al. (Jang et al. 2014) showed vita-

min C rich diet can improve the pro-inflammatory

cytokines including TNF-a, and IL-6 by a significant

down-regulation in the hepatic mRNA expression.

Peluso et al. (2014) usedmixed fruit-juice drink and vitamin

C to reduce postprandial stress induced by a high fat meal

(HFM) providing 1334 kcal in healthy overweight subjects

using a cross-overRCT. Ingestion ofHFMin the placebo group

led to an increase in circulating levels of TC, TG, FBG, insulin,

TNF-a and IL-6. Ingestion of HFM in the trial group signifi-

cantly reduced plasma levels of TC and TG, and decreased

inflammatory response mediated by TNF-a and IL-6.

Aguiló et al. (2014) found that an intake of vitamin C

(500 mg/day) did not reduce the level of IL-6 induced by

exercise after 15 days of supplementation in a placebo

RCT study. Zhang et al. (2013) aimed to elucidate the

effect of oral vitamin C supplementation on inflammatory

status in maintenance haemodialysis patients with low

vitamin C level, and high CRP level. 100 Patients were

divided into two groups. In group 1 (n = 48), patients were

orally administered with 200 mg/day vitamin C in the first

3 months, and then the vitamin C supplementation was

withdrawn in the next 3 months. In group 2 (n = 52),

patients were not given vitamin C in the first 3 months, and

then they were orally administered with 200 mg/day in the

next 3 months. The study concluded that inflammation in

patients with vitamin C deficiency and high levels of CRP

could be partially improved by long-term oral administra-

tion of small doses of vitamin C.

Ma et al. (2013) conducted an RCT on Japanese popu-

lation with atrophic gastritis in an area of high stomach

cancer incidence between 1995 and 2000. Daily doses of 50

or 500 mg vitamin C were given, and 120 and 124

participants completed the 5-year study, respectively.

Although serum ascorbic acid was higher in the high-dosage

group (1.73 ± 0.46 mg/L) than in the low-dosage group

(1.49 ± 0.29 mg/L), p\ 0.001, at the end of the study, no

significant difference (p = 0.63) was observed for CRP

between the low- and high-dosage groups 0.39 (95% CI

0.04–4.19) and 0.38 (95% CI 0.03–4.30) mg/L, respectively.

Mikirova et al. (2013) summarized data of potentially

therapeutic plasma ascorbate concentrations can be

achieved with intravenous infusion of vitamin C (IVC).

Evidence suggests that IVC may be able to modulate

inflammation by reducing CRP, which in turn might

improve outcomes for cancer patients. As well, Wan-

namethee et al. (2013) found that the plasma level of

vitamin C is associated with a significant reduction in the

risk of heart failure (HF) in both men with and without pre-

existing MI. The inverse association between plasma level

of vitamin C and HF in men was explained by traditional

risk factors involving reduction of CRP.

Block et al. (2009) investigated whether vitamins C or E

could reduce CRP on 396 healthy non-smokers. They

randomized participants into three groups: 1000 mg/day

vitamin C, 800 IU/day vitamin E, or placebo, for a period

of 2 months. Median baseline CRP level was low,

0.85 mg/L. However, a significant interaction was found,

indicating that treatment efficiency depends on baseline

CRP concentration. Among participants with CRP indica-

tive of elevated cardiovascular risk (C1.0 mg/L), vitamin C

reduced median CRP by 25.3% compared to placebo

(p = 0.02). The median reduction in the vitamin C group

for CRP was 0.25 mg/L (about 16.7%).

Wannamethee et al. (2006) examined the cross-sectional

associations between dietary and plasma vitamin C, and

markers of inflammation for subjects free of diabetes or heart

diseases. Dietary and plasma vitamin C were inversely and

significantly correlated with CRP (r = -0.10, p\ 0.001;

r = -0.16, p\ 0.001; respectively). Furthermore, Block

et al. (2004) determined the effect of vitamin C in reducing

plasmaCRP in active and passive smokers. Participantswere

randomized to receive a placebo or vitamin C (515 mg/day)

adjusted by BMI. The supplementation of vitamin C yielded

24.0% reduction (95% CI -38.9 to -5.5%, p = 0.036)

compared to control in plasma CRP. Finally, Ford et al.

(2003) examined the relationship between CRP and vitamin

C level in the blood through cross-sectional study, CRP was

significantly and inversely associated with vitamin C level.

Conclusion

Accumulation of fat in adipose tissues has active role on

metabolism, which linked the obesity with CVD due to

imbalanced release of adipokines. Inflammation and
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oxidative stress have featured by endothelial and

microvascular dysfunction predisposing to HT, thrombo-

sis, atherosclerosis, and metabolic syndrome. Moreover,

obesity develops CVD by reducing and depleting the

antioxidant defense factors like vitamins and specific

enzymes including superoxide dismutase, glutathione

peroxidase, and catalase. The reduced nitric oxide and

obesity-associated dyslipidemia have associated also with

CVD development. The major cardiovascular adverse

events, which are obesity-related, included serious com-

plications, which lead to affect the quality of life or even

death such as CHD, stroke, congestive heart failure, and

arrhythmia. On the other hand, having antioxidant

capacity, vitamin C neutralizes free radicals and protects

from damage by donating electrons. It protects from

oxidative stress, prevention of non-enzymatic glycosyla-

tion of proteins, and enhances arterial dilation through its

effect on nitric oxide release. It also reduces the risk of

smoking via improving pulmonary function, decreases

lipid peroxidation, and alleviates inflammation. Epi-

demiological studies reported that antioxidants involving

vitamin C could improve BP, and reduce the risks of heart

failure. Among diabetic patients, the appropriate levels of

vitamin C or adequate supplementations have decreased

the incidence of metabolic syndrome, endothelial dys-

function, improved blood sugar and lipid profile, and

reduced the inflammatory markers. Vitamin C can

improve inflammation by reducing the inflammatory and

pro-inflammatory markers such as CRP, IL-6, and TNF-a.
The anti-inflammatory property of vitamin C attributed to

their ability to modulate the NF-kB DNA binding activity

and down-regulation in the hepatic mRNA expression for

the interleukins and tumor factors.
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Lüscher TF, Creager MA, Beckman JA, Cosentino F (2003) Diabetes

and vascular disease: pathophysiology, clinical consequences,

and medical therapy: part II. Circulation 108:1655–1661. doi:10.

1161/01.cir.0000089189.70578.e2

Ma E, Sasazuki S, Sasaki S, Tsubono Y, Okubo S, Tsugane S (2013)

Vitamin C supplementation in relation to inflammation in

individuals with atrophic gastritis: a randomised controlled trial

in Japan. Br J Nutr 109:1089–1095. doi:10.1017/

s0007114512002954

Maserejian NN, Giovannucci E, Rosner B, Joshipura K (2006)

Prospective study of vitamins C, E, and A and carotenoids and

risk of oral premalignant lesions in men. Int J Cancer

120:970–977. doi:10.1002/ijc.22448

McEvoy CT, Schilling D, Clay N, Jackson K, Go MD, Spitale P et al

(2014) Vitamin C supplementation for pregnant smoking women

and pulmonary function in their newborn infants: a randomized

clinical trial. JAMA 311:2074–2082. doi:10.1001/jama.2014.

5217

McGee DL, Collaboration DP (2005) Body mass index and mortality:

a meta-analysis based on person-level data from 26 observa-

tional studies. Ann Epidemiol 15:87–97. doi:10.1016/j.

annepidem.2004.05.012

Mikirova N, Casciari J, Riordan N, Hunninghake R (2013) Clinical

experience with intravenous administration of ascorbic acid:

achievable levels in blood for different states of inflammation

and disease in cancer patients. J Transl Med 11:191. doi:10.

1186/1479-5876-11-191

Montero D, Walther G, Stehouwer CD, Houben AJ, Beckman JA,

Vinet A (2014) Effect of antioxidant vitamin supplementation on

endothelial function in type 2 diabetes mellitus: a systematic

review and meta-analysis of randomized controlled trials. Obes

Rev 15:107–116. doi:10.1111/obr.12114

Morrow JD, Awad JA, Boss HJ, Blair IA, Roberts LJ (1992) Non-

cyclooxygenase-derived prostanoids (F2-isoprostanes) are

formed in situ on phospholipids. Proc Natl Acad Sci USA

89:10721–10725. doi:10.1073/pnas.89.22.10721

Myint PK, Luben RN, Welch AA, Bingham SA, Wareham NJ, Khaw

KT (2008) Plasma vitamin C concentrations predict risk of

incident stroke over 10 years in 20 649 participants of the

European Prospective Investigation into Cancer Norfolk

prospective population study. Am J Clin Nutr 87:64–69

National Institutes of Health (1998) Clinical guidelines on the

identification, evaluation, and treatment of overweight and

obesity in adults-the evidence report. National Institutes of

Health. Obes Res 6:51S–209S. doi:10.1002/j.1550-8528.1998.

tb00690.x

326 M. S. Ellulu

123

http://dx.doi.org/10.1038/nature05485
http://dx.doi.org/10.1371/journal.pone.0048528
http://dx.doi.org/10.1001/archinte.164.10.1066
http://dx.doi.org/10.1007/s11883-012-0237-0
http://dx.doi.org/10.5713/ajas.2013.13852
http://dx.doi.org/10.5713/ajas.2013.13852
http://dx.doi.org/10.1016/j.mvr.2007.03.002
http://dx.doi.org/10.1016/j.mvr.2007.03.002
http://dx.doi.org/10.3945/ajcn.111.027995
http://dx.doi.org/10.1016/0002-8703(88)90891-5
http://dx.doi.org/10.1016/j.mce.2009.11.011
http://dx.doi.org/10.1016/j.mce.2009.11.011
http://dx.doi.org/10.1161/01.atv.0000058402.34138.11
http://dx.doi.org/10.1161/01.atv.0000058402.34138.11
http://dx.doi.org/10.1056/NEJMoa020245
http://dx.doi.org/10.3164/jcbn.12-98
http://dx.doi.org/10.1161/01.hyp.0000038339.67450.60
http://dx.doi.org/10.1161/01.hyp.0000038339.67450.60
http://dx.doi.org/10.3390/nu5041218
http://dx.doi.org/10.1038/45230
http://dx.doi.org/10.1542/peds.2006-1379
http://dx.doi.org/10.1016/j.freeradbiomed.2011.01.004
http://dx.doi.org/10.1161/circulationaha.108.189702
http://dx.doi.org/10.1001/archinte.162.22.2557
http://dx.doi.org/10.1146/annurev.pharmtox.45.120403.095843
http://dx.doi.org/10.1111/j.0197-3118.2006.05458.x
http://dx.doi.org/10.1016/s0531-5565(00)00118-2
http://dx.doi.org/10.1016/s0531-5565(00)00118-2
http://dx.doi.org/10.1161/01.cir.0000089189.70578.e2
http://dx.doi.org/10.1161/01.cir.0000089189.70578.e2
http://dx.doi.org/10.1017/s0007114512002954
http://dx.doi.org/10.1017/s0007114512002954
http://dx.doi.org/10.1002/ijc.22448
http://dx.doi.org/10.1001/jama.2014.5217
http://dx.doi.org/10.1001/jama.2014.5217
http://dx.doi.org/10.1016/j.annepidem.2004.05.012
http://dx.doi.org/10.1016/j.annepidem.2004.05.012
http://dx.doi.org/10.1186/1479-5876-11-191
http://dx.doi.org/10.1186/1479-5876-11-191
http://dx.doi.org/10.1111/obr.12114
http://dx.doi.org/10.1073/pnas.89.22.10721
http://dx.doi.org/10.1002/j.1550-8528.1998.tb00690.x
http://dx.doi.org/10.1002/j.1550-8528.1998.tb00690.x


Nguyen DM, El-Serag HB (2010) The epidemiology of obesity.

Gastroenterol Clin North Am 39:1–7. doi:10.1016/j.gtc.2009.12.

014

Ni Mhurchu C, Rodgers A, Pan WH, Gu DF, Woodward M,

Collaboration APCS (2004) Body mass index and cardiovascular

disease in the Asia-Pacific Region: an overview of 33 cohorts

involving 310,000 participants. Int J Epidemiol 33:751–758.

doi:10.1093/ije/dyh163

Ottoboni F, Ottoboni A (2005) Ascorbic acid and the immune system.

J Orthomol Med 20:179–183

Ozata M, Mergen M, Oktenli C, Aydin A, Sanisoglu SY, Bolu E et al

(2002) Increased oxidative stress and hypozincemia in male

obesity. Clin Biochem 35:627–631. doi:10.1016/s0009-

9120(02)00363-6

Park S, Ham JO, Lee BK (2015) Effects of total vitamin A, vitamin C,

and fruit intake on risk for metabolic syndrome in Korean women

and men. Nutrition 31:111–118. doi:10.1016/j.nut.2014.05.011

Pasco JA, Nicholson GC, Brennan SL, Kotowicz MA (2012)

Prevalence of obesity and the relationship between the Body

Mass Index and body fat: cross-sectional, population-based data.

PLoS One 7:e29580. doi:10.1371/journal.pone.0029580

Peluso I, Villano DV, Roberts SA, Cesqui E, Raguzzini A, Borges G

et al (2014) Consumption of mixed fruit-juice drink and vitamin

C reduces postprandial stress induced by a high fat meal in

healthy overweight subjects. Curr Pharm Des 20:1020–1024.

doi:10.2174/138161282006140220144802

Pfister R, Sharp SJ, Luben R, Wareham NJ, Khaw KT (2011) Plasma

vitamin C predicts incident heart failure in men and women in

European Prospective Investigation into Cancer and Nutrition-

Norfolk prospective study. Am Heart J 162:246–253. doi:10.

1016/j.ahj.2011.05.007

Plantinga Y, Ghiadoni L, Magagna A, Giannarelli C, Franzoni F,

Taddei S et al (2007) Supplementation with vitamins C and E

improves arterial stiffness and endothelial function in essential

hypertensive patients. Am J Hypertens 20:392–397. doi:10.1016/

j.amjhyper.2006.09.021

Poirier P, Giles TD, Bray GA, Hong Y, Stern JS, Pi-Sunyer FX et al

(2006) Obesity and cardiovascular disease pathophysiology,

evaluation, and effect of weight loss. Arterioscler Thromb Vasc

Biol 26:968–976. doi:10.1161/01.atv.0000216787.85457.f3

Recio-Rodriguez JI, Gomez-Marcos MA, Patino-Alonso MC, Agudo-

Conde C, Rodriguez-Sanchez E, Garcia-Ortiz L, Vasorisk Group

(2012) Abdominal obesity vs general obesity for identifying

arterial stiffness, subclinical atherosclerosis and wave reflection

in healthy, diabetics and hypertensive. BMC Cardiovasc Disord

12:3. doi:10.1186/1471-2261-12-3

Reiner A, Siscovick D, Rosendaal F (2001) Hemostatic risk factors

and arterial thrombotic disease. Thromb Haemost 85:584–595

(PMID: 11341490)
Rekha C, Poornima G, Manasa M, Abhipsa V, Devi JP, Kumar HTV

et al (2012) Ascorbic acid, total phenol content and antioxidant

activity of fresh juices of four ripe and unripe citrus fruits. Chem

Sci Trans 1:303–310. doi:10.7598/cst2012.182

Robert Wood Johnson Foundation (2008) Overcoming obstacles to

health. Robert Wood Johnson Foundation to the Commission to

Build a Healthier America. Retrieved from: http://www.rwjf.org/

content/dam/farm/reports/reports/2008/rwjf22441. Accessed 2

Feb 2017

Rocha VZ, Libby P (2009) Obesity, inflammation, and atherosclero-

sis. Nat Rev Cardiol 6:399–409. doi:10.1038/nrcardio.2009.55

Rodriguez-Iturbe B, Zhan CD, Quiroz Y, Sindhu RK, Vaziri ND

(2003) Antioxidant-rich diet relieves hypertension and reduces

renal immune infiltration in spontaneously hypertensive rats.

Hypertension 41:341–346. doi:10.1161/01.hyp.0000052833.

20759.64

Ross R, Berentzen T, Bradshaw AJ, Janssen I, Kahn HS, Katzmarzyk

PT et al (2008) Does the relationship between waist circumfer-

ence, morbidity and mortality depend on measurement protocol

for waist circumference? Obes Rev 9:312–325. doi:10.1111/j.

1467-789x.2007.00411.x

Sallis JF, Glanz K (2009) Physical activity and food environments:

solutions to the obesity epidemic. Milbank Q 87:123–154.

doi:10.1111/j.1468-0009.2009.00550.x

Salonen RM, Nyyssönen K, Kaikkonen J, Porkkala-Sarataho E,

Voutilainen S, Rissanen TH et al (2003) Six-year effect of

combined vitamin C and E supplementation on atherosclerotic

progression: the Antioxidant Supplementation in Atherosclerosis

Prevention (ASAP) Study. Circulation 107:947–953. doi:10.

1161/01.cir.0000050626.25057.51

Sardinha LB, Santos DA, Silva AM, Coelho-e-Silva MJ, Raimundo

AM, Moreira H et al (2012) Prevalence of overweight, obesity,

and abdominal obesity in a representative sample of Portuguese

adults. PLoS One 7:e47883. doi:10.1371/journal.pone.0047883

Sargeant LA, Wareham NJ, Bingham S, Day NE, Luben RN, Oakes S

et al (2000) Vitamin C and hyperglycemia in the European

Prospective Investigation into Cancer-Norfolk (EPIC-Norfolk)

study: a population-based study. Diabetes Care 23:726–732.

doi:10.2337/diacare.23.6.726

Scheller J, Chalaris A, Schmidt-Arras D, Rose-John S (2011) The pro-

and anti inflammatory properties of the cytokine interleukin-6.

Biochim Biophys Acta 1813:878–888. doi:10.1016/j.bbamcr.

2011.01.034

Sexton P, Black P, Metcalf P, Wall CR, Ley S, Wu L et al (2013)

Influence of mediterranean diet on asthma symptoms, lung

function, and systemic inflammation: a randomized controlled

trial. J Asthma 50:75–81. doi:10.3109/02770903.2012.740120

Shang X, Li Y, Liu A, Zhang Q, Hu X, Du S et al (2012) Dietary

pattern and its association with the prevalence of obesity and

related cardiometabolic risk factors among Chinese children.

PLoS One 7:e43183. doi:10.1371/journal.pone.0043183

Sherman DL, Keaney JF Jr, Biegelsen ES, Duffy SJ, Coffman JD,

Vita JA (2000) Pharmacological concentrations of ascorbic acid

are required for the beneficial effect on endothelial vasomotor

function in hypertension. Hypertension 35:936–941. doi:10.

1161/01.HYP.35.4.936

Siavash M, Amini M (2014) Vitamin C may have similar beneficial

effects to Gemfibrozil on serum high-density lipoprotein-choles-

terol in type 2 diabetic patients. J Res Pharm Pract 3:77–82.

doi:10.4103/2279-042X.141075

Sikorski C, Luppa M, Schomerus G, Werner P, Koénig H-H, Riedel-

Heller SG (2012) Public attitudes towards prevention of obesity.

PLoS One 7:e39325. doi:10.1371/journal.pone.0039325

St-Pierre DH, Karelis AD, Cianflone K, Conus F, Mignault D,

Rabasa-Lhoret R et al (2004) Relationship between ghrelin and

energy expenditure in healthy young women. J Clin Endocrinol

Metab 89:5993–5997. doi:10.1210/jc.2004-0613

Straub RH, Hense HW, Andus T, Scholmerich J, Riegger GAJ,

Schunkert H (2000) Hormone replacement therapy and interre-

lation between serum inter leukin-6 and body mass index in

postmenopause women: a population-based study. J Clin

Endocrinol Metab 85:1340–1344. doi:10.1210/jc.85.3.1340

Swinburn BA, Caterson I, Seidell JC, James WP (2004) Diet,

nutrition and the prevention of excess weight gain and obesity.

Public Health Nutr 7:123–146. doi:10.1079/phn2003585

Trayhurn P, Wood I (2004) Adipokines: inflammation and the

pleiotropic role of white adipose tissue. Br J Nutr 92:347–355.

doi:10.1079/bjn20041213

Tsai F, Coyle WJ (2009) The microbiome and obesity: is obesity

linked to our gut flora? Curr Gastroenterol Rep 11:307–313.

doi:10.1007/s11894-009-0045-z

Obesity, cardiovascular disease, and role of vitamin C on inflammation: a review of facts… 327

123

http://dx.doi.org/10.1016/j.gtc.2009.12.014
http://dx.doi.org/10.1016/j.gtc.2009.12.014
http://dx.doi.org/10.1093/ije/dyh163
http://dx.doi.org/10.1016/s0009-9120(02)00363-6
http://dx.doi.org/10.1016/s0009-9120(02)00363-6
http://dx.doi.org/10.1016/j.nut.2014.05.011
http://dx.doi.org/10.1371/journal.pone.0029580
http://dx.doi.org/10.2174/138161282006140220144802
http://dx.doi.org/10.1016/j.ahj.2011.05.007
http://dx.doi.org/10.1016/j.ahj.2011.05.007
http://dx.doi.org/10.1016/j.amjhyper.2006.09.021
http://dx.doi.org/10.1016/j.amjhyper.2006.09.021
http://dx.doi.org/10.1161/01.atv.0000216787.85457.f3
http://dx.doi.org/10.1186/1471-2261-12-3
http://dx.doi.org/10.7598/cst2012.182
http://www.rwjf.org/content/dam/farm/reports/reports/2008/rwjf22441
http://www.rwjf.org/content/dam/farm/reports/reports/2008/rwjf22441
http://dx.doi.org/10.1038/nrcardio.2009.55
http://dx.doi.org/10.1161/01.hyp.0000052833.20759.64
http://dx.doi.org/10.1161/01.hyp.0000052833.20759.64
http://dx.doi.org/10.1111/j.1467-789x.2007.00411.x
http://dx.doi.org/10.1111/j.1467-789x.2007.00411.x
http://dx.doi.org/10.1111/j.1468-0009.2009.00550.x
http://dx.doi.org/10.1161/01.cir.0000050626.25057.51
http://dx.doi.org/10.1161/01.cir.0000050626.25057.51
http://dx.doi.org/10.1371/journal.pone.0047883
http://dx.doi.org/10.2337/diacare.23.6.726
http://dx.doi.org/10.1016/j.bbamcr.2011.01.034
http://dx.doi.org/10.1016/j.bbamcr.2011.01.034
http://dx.doi.org/10.3109/02770903.2012.740120
http://dx.doi.org/10.1371/journal.pone.0043183
http://dx.doi.org/10.1161/01.HYP.35.4.936
http://dx.doi.org/10.1161/01.HYP.35.4.936
http://dx.doi.org/10.4103/2279-042X.141075
http://dx.doi.org/10.1371/journal.pone.0039325
http://dx.doi.org/10.1210/jc.2004-0613
http://dx.doi.org/10.1210/jc.85.3.1340
http://dx.doi.org/10.1079/phn2003585
http://dx.doi.org/10.1079/bjn20041213
http://dx.doi.org/10.1007/s11894-009-0045-z


Tveden-Nyborg P, Johansen LK, Raida Z, Villumsen CK, Larsen JO,

Lykkesfeldt J (2009) Vitamin C deficiency in early postnatal life

impairs spatial memory and reduces the number of hippocampal

neurons in guinea pigs. Am J Clin Nutr 90:540–546. doi:10.

3945/ajcn.2009.27954

Visser M, Bouter LM, McQuillan GM, Wener MH, Harris TB (1999)

Elevated C-reactive protein levels in overweight and obese

adults. JAMA 282:2131–2135. doi:10.1001/jama.282.22.2131

von Arnim CA, Herbolsheimer F, Nikolaus T, Peter R, Biesalski HK,

Ludolph AC et al (2012) Dietary antioxidants and dementia in a

population-based case–control study among older people in

South Germany. J Alzheimers Dis 31:717–724. doi:10.3233/

JAD-2012-120634

von Ruesten A, Steffen A, Floegel A, van der A DL, Masala G,

Tjønneland A et al (2011) Trend in obesity prevalence in

European adult cohort populations during follow-up since 1996

and their predictions to 2015. PLoS One 6:e27455. doi:10.1371/

journal.pone.0027455

Walley AJ, Asher JE, Froguel P (2009) The genetic contribution to

non-syndromic human obesity. Nat Rev Genet 10:431–442.

doi:10.1038/nrg2594

Wang Y, Beydoun MA (2007) The obesity epidemic in the United

States—gender, age, socioeconomic, racial/ethnic, and geo-

graphic characteristics: a systematic review and meta-

regression analysis. Epidemiol Rev 29:6–28. doi:10.1093/

epirev/mxm007

Wannamethee SG, Lowe GD, Rumley A, Bruckdorfer KR, Whincup

PH (2006) Associations of vitamin C status, fruit and veg-

etable intakes, and markers of inflammation and hemostasis. Am

J Clin Nutr 83:567–574

Wannamethee SG, Bruckdorfer KR, Shaper AG, Papacosta O,

Lennon L, Whincup PH (2013) Plasma vitamin C but not

vitamin E is associated with reduced risk of heart failure in older

men. Circ Heart Fail 6:647–654. doi:10.1161/circheartfailure.

112.000281

Warraich HJ, Javed F, Faraz-ul-Haq M, Khawaja FB, Saleem S

(2009) Prevalence of obesity in school-going children of

Karachi. PLoS One 4:e4816. doi:10.1371/journal.pone.0004816

Weber MA, Schiffrin EL, White WB, Mann S, Lindholm LH,

Kenerson JG et al (2004) Clinical practice guidelines for the

management of hypertension in the community. J Clin Hypertens

(Greenwich) 16:14–26. doi:10.1111/jch.12237

Weng X, Liu Y, Ma J, Wang W, Yang G, Caballero B (2006) Use of

body mass index to identify obesity-related metabolic disorders

in the Chinese population. Eur J Clin Nutr 60:931–937. doi:10.

1038/sj.ejcn.1602396

Whitney E, Rolfes SR (eds) (2008). Understanding of nutrition, 11th

edn. Thomson Wadsworth Learning, Inc. ISBN:

978-0495116691

Wilson JX (2005) Regulation of vitamin C transport. Annu Rev Nutr

25:105–125. doi:10.1146/annurev.nutr.25.050304.092647

Woodward M, Lowe GD, Rumley A, Tunstall-Pedoe H, Philippou H,

Lane DA et al (1997) Epidemiology of coagulation factors,

inhibitors and activation markers: the Third Glasgow MONICA

Survey II. Relationships to cardiovascular risk factors and

prevalent cardiovascular disease. Br J Haematol 97:785–797.

doi:10.1046/j.1365-2141.1997.1232935.x

World Health Organization (2011) Waist circumference and waist–

hip ratio: report of a WHO expert consultation, Geneva. ISBN:

978-9241501491

World Health Organization (2014) Overweight and obesity. Fact

Sheet No. 311

Wortley KE, Anderson K, Garcia K, Murray J, Malinova L, Liu R

et al (2004) Genetic deletion of ghrelin does not decrease food

intake but influences metabolic fuel preference. Proc Natl Acad

Sci USA 101:8227–8232. doi:10.1073/pnas.0402763101

Wu X, Schauss AG (2012) Mitigation of inflammation with foods.

J Agric Food Chem 60:6703–6717. doi:10.1021/jf3007008

Xu A, Vita JA, Keaney JF (2000) Ascorbic acid and glutathione

modulate the biological activity of S-nitrosoglutathione. Hyper-

tension 36:291–295. doi:10.1161/01.hyp.36.2.291

Yusuf S, Hawken S, Ounpuu S, Dans T, Avezum A, Lanas F (2004)

Effect of potentially modifiable risk factors associated with

myocardial infarction in 52 countries (the INTERHEART

study): case–control study. Lancet 364:937–952
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