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Preface

I take the opportunity to present the first edition of the book on Recent Trends in Cardiovas‐
cular Risks with the support of InTech publishers. I thank the publisher for giving me the
opportunity to work with them as an editor for this book. This book enthralls on the recent
trends of cardiovascular risks, which would be fruitful to readers, researchers, and clinicians
in health sciences.

The authors of this book are leading researchers in the field. Most of the cardiovascular risks
are widely known, but due to changing trends based on lifestyle and geographical variance,
from developing to developed countries, the risks vary. We have tried to compile the risks
as a whole so that the readers can benefit from going through the chapters of the book.

I have arranged the chapters based on the priority index, and I hope that this book will have
a large audience and will be appreciated by readers. I shall look forward for valuable com‐
ments and fruitful suggestions from all readers of medical and health science fraternity, in‐
cluding researchers, for further improvement of the book.

Lastly, I am indebted to InTech publishers for giving me the opportunity to edit this book and
all authors whose impeccable contributions where brought out in this new edition of book.

Dr. Arun Kumar
Professor and Head

Department of Biochemistry
Krishna Mohan Medical College and Hospital

Mathura, India





Chapter 1

Introductory Chapter: Recent Trends in Cardiovascular

Risk Factors

Arun Kumar

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/intechopen.69159

We are happy to bring out this new book entitled ‘Recent trends in Cardiovascular Risks’ 
which is written by scientifically accredited authors across the globe. The primary and sec-
ondary preventions are the effective measures for reducing premature mortality. In context to 
developed countries, there are five existing modifiable risk factors, namely high blood pres-
sure, high cholesterol, tobacco use-smoking, diabetes mellitus and obesity which constitutes 
approximately one-third of all CVD cases [1]. Of which highly preventable risk factors such as 
high blood pressure, obesity and smoking are related to premature mortality and morbidity 
from cardiovascular disease (CVD) [2]. The modifiable risk factors, namely smoking, obe-
sity and lack of physical activity, account to 36%, 20% and 7–12% of coronary artery disease, 
respectively [3].

1. Scenario of Cardiovascular Disease

The incidence of AMI is drastically increasing in major developing countries, and it is noticed 
even in rural population, which has become a potential threat [4]. Other modifiable risk fac-
tors include low socioeconomic status, alcohol use, mental ill-health, psychosocial stress and 
left ventricular hypertrophy. Among the nonmodifiable risk factors are advancing age, hered-
ity or family history, gender, ethnicity or race (Figure 1) [5]. To reduce the global burden of 
mortality from CVD, we need to refine our strategic goals and intervention programs. While 
we find the global population is expected to rise by almost 20% from 6.7 billion to 8.1 billion by 
2030, the crude death rate still remains stable around 8.4 deaths/thousand [1]. Cardiovascular 
diseases were once thought to be the disease of the rich and affluent class of people, but now 
it is more visible among the poor as well. Conventional cardiovascular risk is attributed to 
lifestyle changes and altered metabolic activity.

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



2. Changing Trends of Cardiovascular Risks

The most common emerging trends in cardiovascular risk factors include altered lipid profile, 
coronary artery calcium score, lipoprotein (a), apolipoproteins, homocysteine, thrombosis 
markers like fibrinogen, plasminogen activator inhibitor-1, carotid intima-media thickness, 
genotypic variations, nonalcoholic fatty liver disease, C-reactive protein, platelets and birth 
weight levels [6].

These diseases not only affect the well being, but can also dampen the economic growth of 
the country due to enormous healthcare expenditure associated with decreased productivity. 
Even though abundance curative cares are available in urban areas, this alone cannot suffice 
the problem of CVDs. The need of the hour is to focus on its prevention and palliative care 
along with its early diagnosis, and management as it is not the sole responsibility of the health 
care providers alone can tackle this problem.

3. Awareness is a must among mass

There is an urgent need for all of us to change our lifestyle through positive and negative rein-
forcements. In rural areas, we need to adopt start-ups, to create awareness among common 
people so that the disease can be cured at the grassroot level. Through coordination and col-
laboration with health care sectors including the government and pharmaceutical companies, 
the awareness can be generated and the risk can be identified.

4. Contents of the book in brief

In this book, we delineate the various risk factors and the current trends of cardiovascular 
risk factors. This book emphasizes on various issues which are alarming and are potential 
threats for cardiovascular risk. The overall risk assessment of cardiovascular disease using 
multivariate scores in developing countries is one of the approaches. This approach is likely 

Figure 1. Causative pathways for CVD.
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to assure that limited resource in developing countries be allocated to those who need it most. 
The clear justification for cardiovascular risk assessment is crucial for policy decision on the 
 implementation of such a strategy. While many developing countries solely described esti-
mated cardiovascular risk by applying existing CVD risk scores to their population’s cross-
sectional risk factor data, a number of countries have validated and recalibrated existing risk 
scores and only a few have developed a new risk score specific to their populations [7]. To 
enhance the adoption of such a policy in developing countries, an additional strategy by the 
WHO and International Society of Hypertension was developed by deriving both laboratory- 
and nonlaboratory-based CVD risk prediction charts for low- and medium-resource settings in 
countries in different WHO subregions. Significant researches have suggested that a vascular 
segment gives us a clue of atherosclerotic lesions, namely endothelial dysfunctions, macro-
phage activation, cellular proliferation and thrombosis, and they respond differently on medi-
cation [8]. Therapeutic approach of the atherogenic dyslipidemia imposes the correlation with 
proatherogenic individual tendencies in order to correct the further risks [9]. Cardiovascular 
disease appears in coronary arteries when the atherosclerotic lesions evolve from an initial 
accumulation of isolated foam cells in the arterial intima to fatty streaks, followed by the accu-
mulation of cholesterol deposits and atheroma formation [10]. Cardiovascular disease may 
have their origin in the intrauterine life, but also a low birth weight and an extremely rich diet 
increase the risk of obesity and a specific metabolic syndrome in adults [11]. Its incidence and 
mortality is very low in reproductive age women, but it increases with age [12]. Estradiol (E2) 
reduces the development of the early atherosclerotic lesions, in some measure, by its effects on 
the lipid metabolism, with a reduction of the lipid deposits from the intima [13].

5. Facts based on Epidemiological studies

World Health Organization (WHO) conducted numerous studies regarding the mortality 
due to myocardial infarction, stroke and venous thromboembolism in many countries across 
the world. Epidemiological studies revealed an increased incidence of myocardial infarction 
approximately five times higher in individuals between the ages of 40 and 60 years old [14]. 
Hormonal contraceptives, pregnancy and polycystic ovary syndrome in young women and 
menopause in older women are directly linked with cardiovascular diseases [15]. Polycystic 
ovary syndrome should be seen as a metabolic disease, with a high risk in developing diabetes 
mellitus type 2 and different cardiovascular disease, and is less frequent in women in reproduc-
tive age. Another extremely important risk factor involved in women atherosclerosis is heredity. 
Diabetes mellitus induces hypercholesterolemia and in consequence an increase in predisposi-
tion for atherosclerosis in both male and female. The incidence of the myocardial infarction is 
two times higher at patients with diabetes mellitus compared to patients without diabetes.

6. Metabolic Syndrome an emerging threat

In the last few years, the criteria for metabolic syndrome have been reviewed: abdominal 
obesity, increased serum cholesterol, high blood pressure, insulin resistance with or without 
impaired glucose tolerance, pro-inflammatory status, a high level of C-reactive protein and 
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a pro-thrombotic status with a high plasmatic fibrinogen and coagulation factors level [16]. 
Morphological and experimental studies have demonstrated connections between hyper-
lipidemia, especially hypercholesterolemia, and atherosclerosis, in both women and men. 
The  content of the atheroma plaque, which is made of cholesterol and cholesterol esters, the 
structure of the foam cells and the experimental production of atherosclerosis by a high-
fat diet have been initial arguments for the implication of lipids in atherosclerosis genesis. 
Cholesterol and triglycerides are the lipids with the highest impact for atherosclerosis and 
ischemic cardiomyopathy.

HDL-cholesterol has anti-inflammatory, antioxidant and antithrombotic properties that con-
tribute to the improvement of the endothelial function and atherosclerosis inhibition [17]. 
Therefore, as the HDL-cholesterol level is higher, the risk of developing atherosclerosis low-
ers. The physical exercises and moderate consume of ethanol increase the HDL-cholesterol 
level, while the obesity and smoking are decreasing it [18]. High cholesterol diets or saturated 
fats, like the ones from the butter, animal fats and yolk, increase the level of the plasmatic 
cholesterol, while the diets poor in cholesterol and in polyunsaturated fats decrease it.

7. Hypertension as a risk

High blood pressure is a condition characterized by an increase of the systolic value over 140 
mmHg and of the diastolic value over 90 mmHg, being a major risk factor for atherosclerosis 
at all ages, females being less affected. Decreased arterial compliance has a high predictive 
value for cardiovascular events, so its evaluation becomes an important objective in investi-
gating the arterial function.

Recent studies have shown that smoking is the most important adjustable risk factor in 
women and men under 40 years old with acute coronary syndrome, being observed in mostly 
equal parts on those with normal coronary arteries and on those with lesions on one or more 
coronary arteries.

8. Homocystinuria a silent killer

Patients with homocystinuria, which is a congenital metabolic disorder, characterized by ele-
vated levels of circulating homocysteine (>100 μmol/L) and urinary homocysteine, present an 
early vascular injury [19]. Clinical and epidemiological studies revealed a connection between 
the serum levels of homocysteine and peripheral vascular disease, coronary artery disease, 
stroke and venous thrombosis, meaning that a high concentration of homocysteine is associ-
ated with the progression of the atherosclerosis [20].

9. Diabetes and Cardiovascular Disease

Diabetes is now considered as a major and growing health problem worldwide. It causes a 
considerable amount of disability, premature mortality, loss of productivity and increased 
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demands on health care facilities [21]. According to the World Health Organization, 1 in 
20 death is attributable to diabetes, 8700 deaths every day and 6 deaths every minute [22]. 
Cardiovascular disease is the major cause of morbidity and mortality in people with diabetes, 
and coronary heart disease is the most common cause of death among people with type 2 
diabetes. People with diabetes are two to four times more likely to develop CVD compared 
with people without the condition [23].

10. Ferritin as an additional risk

Serum ferritin is the main marker of iron status, and hepcidin is the key regulator of iron 
metabolism, but both are increased in inflammation states; thus, their relationship with patho-
logical processes should be studied with caution. Iron deficiency with severe anemia has been 
also related to oxidative stress as iron is involved in several enzymatic antioxidant systems. 
Most studies deal with the association between iron deposition in tissues and cardiovascular 
risk, while decreased iron status is predominantly related to protection against atherosclero-
sis and coronary heart disease [24].

So concluding the contents of the book, it focuses on the overall emerging risks in develop-
ing and developed countries. We hope that this book would create awareness among mass 
and also in scientific community across the globe. We tried to bring out and cover most of the 
recent trends of cardiovascular risks which is prevalent among the society which we tend to 
condone. It is now high time we look upon ourselves and make resolutions to decrease the 
existing risks factors which we are on. It is never too late to implement than to overlook. We 
wish to get the notes and feedback from our readers and rejoice the success of launching this 
book.
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Abstract

Studies on the prevalence of risk factors and the incidence for cardiovascular diseases 
(CVDs) are limited in Kazakh population. By incorporating nomads, farmers, and urban 
residents, aged 30 years or older, in a cohort study, we investigated the characteristics of 
cardiovascular risk factors and their temporal trends that arose from the urbanization 
and subsequent changes in the lifestyle in a Kazakh population with 1668 participants. 
We used current guidelines and the monitoring trends and determinants in cardiovas‐
cular disease (MONICA) standard to define cardiovascular events. Kazakhs had a high 
prevalence rate of hypertension (45.3%), and this prevalence was much higher than the 
national average in China. Prevalence of two or more risk factors was highest among 
urban people and lowest among nomads. Urban residents have the highest prevalence of 
hypercholesterolemia and obesity compared with farmers and nomads. However, unlike 
other studies, our data indicate that young men had the highest prevalence of dyslipid‐
emia, and it decreased significantly thereafter. Crude rates of incidence and mortality for 
acute cardiovascular events were 742 and 194 per 100,000 people, respectively; the stan‐
dardized rates were 926 and 272 per 100,000 people, respectively. The findings from this 
study demonstrate the pervasive burden of cardiovascular risk factors and the related 
acute cardiovascular events in Kazakhs, particularly BP in Kazakh nomads.

Keywords: cardiovascular disease, risk factor, cohort, Chinese Kazakhs, registries
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1. Introduction

Cardiovascular diseases (CVDs), such as coronary artery disease and stroke, are the major 
cause of morbidity, mortality, and health expenses in China and worldwide. According to the 
large international INTERHEART study (1990–2010), the so‐called conventional risk factors, 
such as hypertension, abnormal serum cholesterol, diabetes mellitus, smoking, and obesity, 
contributed to approximately 90% of CVDs [1, 2]. In China, existing researches on cardiovas‐
cular risk factors are largely related to Han people (the largest ethnic group among 56 ethnic 
groups of China); comprehensive data on cardiovascular risk factors are limited in other minor‐
ity groups, such as Kazakh people. Knowing the pattern of cardiovascular risk factors among 
the minority groups is important not only for predicting the future situation of the epidemic 
and planning relevant policies for prevention and control of CVDs but also for providing new 
etiological insights through their juxtaposition to known variations in disease patterns.

The Kazakh is a typical transnational ethnic group with a Eurasian lineage. It is the main 
ethnic group in Kazakhstan and represents a sizable ethnic minority in China and Russia. 
There are approximately 1.25 million Kazakh people in China, who mainly (96%) live in the 
Northern Xinjiang Uygur Autonomous region, as a part of the ancient Silk Road. For thou‐
sands of years, China’s Kazakh people have mainly been active in raising livestock on the 
prairie grasslands. With urbanization, modern Kazakh people have naturally formed three 
different subgroups with different occupational backgrounds, that is, nomads following the 
traditional mode of year‐round migration, farmers settling and engaging in agriculture, and 
urban people transferring to cities with an increased educational level and economic status. In 
this chapter, we tried to tell a study‐based Kazakh story for readers. This study was conducted 
in Altay, Northern Xinjiang, and China, and we called it as the “China Altay Kazakh Heart 
Study (CAKH)” study. Its aim was to investigate whether factors such as environmental and 
occupational changes have an influence on the risk factors and sequent events of CVDs and to 
quantify morbidity and mortality of CVDs prospectively among Kazakh people.
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2. Methods

2.1. Study participants

The CAKH study was initiated in 2012 with a community‐based design. Hong Dun town, 
the study base, is located in the urban‐rural fringe of Altay county‐level city. As shown in 
Figure 1, 12 Kazakh‐based administrative villages and one township office, which almost 
covered all citizens of this town, were included in this study after excluding villages with less 

Figure 1. Flow chart of recruitment of participants (also see our previous publication [3]).
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than 100 Kazakh individuals who lived together with other ethnic groups. The advantages 
of Hong Dun town as the study base are that there is a high concentration of Kazakh people, 
its economic development is representative of the Altay region (one of residence places of 
Chinese Kazakh with the highest population density), and it includes three natural occupa‐
tional groups of the Kazakh people, that is, complete nomadic village, farming village, and 
downtown populations. Using the population census of the area as our sampling frame, a 
stratified random cluster sampling method was used to select study subjects based on their 
occupational backgrounds. Samples of potential participants were drawn from two out of 
four villages characterized by animal husbandry and three out of eight agricultural villages. 
The entire Kazakh staff affiliated to the township office was recruited into the urban sample. 
Thus, the final baseline population consisted of five administrative villages (six natural vil‐
lages) and the downtown professional people, covering 58.4% of the total qualified Kazakh 
population of the study base of the CAKH study.

All participants included were required to be 30 years of age or older, with at least three 
generations living in the same region, and were required to have no history of intermarriage. 
Examinations were performed in the morning, and the elderly or people in remote places 
were picked up by buses to maximize the participation rate. A participant who had biologi‐
cal Kazakh parents and Kazakh paternal/maternal biological grandparents was considered 
as a Kazakh. Pregnant women, bedridden persons aged 80 years or older, disabled persons, 
or persons with severe diseases determined by the investigators were excluded. About 1805 
people participated in the survey and 1668 people were completed the survey (see Figure 1). 
This represented 92.4% compliance; specifically, 94.4% (637/675) from pastoral villages, 90.2% 
(838/929) from agricultural villages, and 96.0% (193/201) from the township office. Their dis‐
tribution in each sampling unit is displayed in Table 1. The overall response rate for complet‐
ing both the survey and the physical examination was 92.4% (94.4% for pastoral villages, 
90.2% for agricultural villages, and 96.0% for urban professional workers). We confirmed that 
all institutional and governmental regulations concerning the ethical use of human volunteers 
were followed for this study, which was approved by the Ethical Committees of Chinese 
Academy of Medical Sciences and Peking Union Medical College.

Village or township office Occupation Person number Men (%) Age (years, mean (SD))

Kesirjia Nomads 147 50.3 43.8 (10.4)

Tarstark Nomads 212 45.8 47.2 (12.7)

Bitiworg Nomads 278 46.0 47.7 (12.8)

Wutubulak Farmers 193 47.0 47.9 (12.3)

Sarkamus Farmers 377 50.9 48.1 (13.3)

Duolart Farmers 270 47.6 46.3 (12.3)

Township office Urban people 191 36.3 41.8 (8.9)

Kesirjia and Tarstark are natural villages both affiliated to one administrative village.

Table 1. Participants enrolled in each sampling unit.
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2.2. Questionnaire survey

The baseline investigation of the CAKH study was conducted from October 2012 to February 
2013 when all nomads would return to their ‘home in winter;’ this time period included the 
most important Kazakh holiday, that is, the Corban Festival.

A unified questionnaire was administered through face‐to‐face interviews conducted by trained 
and qualified Kazakh medical college students. Information included demographic factors, 
socioeconomic status (SES) (educational level, marital status, and annual household income), 
cigarette smoking, alcohol consumption, and information about personal or family history of 
selected conditions. In addition, based on the characteristics of the Kazakh people, we set up 
a series of questions about dietary habits. For example, we set four possible responses for veg‐
etable and fruit intake, each category ranging from never or less than once per week to seven 
or more times per week; we also asked the respondent to give the name and type of the fruit 
and vegetables they ate. Dietary habits included self‐reported volumes of milk‐tea consumed (a 
kind of tea with milk and salt) as well as frequency of consumption of air‐dried meats (a kind of 
meat with salt used as the preservative). Consumption of fruit and vegetables was incorporated 
into the questionnaire and was coded as more than seven times per week, four to six times per 
week, one to three times per week, less than once a week, or no fruit and vegetables used.

2.3. Physical examination

Physical examinations included weight, height, and waist circumference measurements, and 
body mass index (BMI) was calculated as body weight (kg) divided by height (m2). We used 
an appropriate arm cuff and a mercury column sphygmomanometer to measure BPs of the 
left arm in the supine position. Before measurements, a resting period of at least 10 min was 
required. The mean of two readings or three readings, if there was a difference of more than 
5 mmHg between the initial readings, was taken as BP values for the final analysis [4]. A stan‐
dard 12‐lead electrocardiogram (ECG) was conducted for each participant.

2.4. Laboratory measurements

A venous blood sample and a second urine sample after waking were collected from each 
participant after an overnight fast of at least 10 h, and plasma was immediately separated. All 
the samples were tested in the central laboratory of the People’s Hospital of Altay Prefecture. 
Total cholesterol (TC), triglycerides (TG), fasting blood glucose (FBG), and creatinine were mea‐
sured by a standard enzymatic method. Direct determination of concentrations of high‐density 
lipoprotein cholesterol (HDL‐C) and low‐density lipoprotein cholesterol (LDL‐C) were simul‐
taneously performed. Sodium intake was assessed by urinary sodium excretion from the sec‐
ond urine sample after waking, urinary creatinine concentration, and 24‐h urinary creatinine 
excreted as estimated from height, body weight, and age, as shown in Table 2 [5]. Daily salt 
intake was estimated based on a calculation of 24‐h urinary sodium excretion on the assump‐
tion that all sodium ingested was in the form of sodium chloride, with each 43 mmol of sodium 
being approximately equivalent to 2.5 g of salt (sodium chloride). Chemistry measurements 
were made using a Beckman Coulter AU2700 Clinical Chemistry Analyzer (Brea, CA, USA). 
Electrolytes were measured using a Caretium XI‐921 CT Electrolyte Analyzer (Shenzhen, China).
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2.5. Definition of cardiovascular risk factors

Conventional cardiovascular risk factors were defined based on current national guidelines [6]. 
Hypertension was defined as a systolic BP (SBP) ≥ 140 mmHg, a diastolic BP (DBP) ≥ 90 mmHg, 
or both, or the use of antihypertensive medications within the last two weeks [6]. Dyslipidemia 
was defined as total cholesterol (TC) ≥ 6.22 mmol/L, or LDL‐C ≥ 4.14 mmol/L, or HDL‐C < 1.04 
mmol/L, or TG > 2.26 mmol/L, or receiving cholesterol‐lowering medication [7]. Obesity was 
defined as a BMI ≥ 28.0 (kg/m2). Diabetes mellitus was defined as fasting blood glucose concen‐
tration ≥ 7.0 mmol/L or taking hypoglycemic agents. Current smokers were defined as those 
who had smoked at least one cigarette each day during the past year [8]. Women who consume 
one or more alcoholic drinks per day and men who consume two or more alcoholic drinks per 
day were considered as current alcohol drinkers.

2.6. Collection of acute cardiovascular events

This ongoing prospective cohort study currently completed the first collection of acute car‐
diovascular events from October 1, 2012 through June 30, 2016 in 1668 participants. The next 
follow‐up is being planned. Acute cardiovascular events included stroke, acute myocardial 
infarction (AMI), and sudden cardiac death (SCD). Stroke and AMI could be fatal or nonfatal. 
Stroke events were defined as rapidly developing signs of focal (or global) disturbance of 
cerebral function lasting 24 hours (unless interrupted by surgery or death) with no apparent 
nonvascular cause according to the World Health Organization (WHO) MONICA standard 
[9]. On the basis of the status within 28 days of onset, stroke and AMI events were subdivided 
into first or recurrent and into fatal or nonfatal. The 2012 universal definition of myocardial 
infarction was used for AMIs [10]. Considering a factual situation of monitoring cardiovas‐
cular diseases, AMIs were classified into definite or possible/insufficient ones particularly for 
fatal cases according to MONICA standard, with deaths due to chronic coronary heart dis‐
eases excluded [9, 11]. An SCD is defined as sudden and unexpected death within an hour of 
symptom‐onset after excluding participants whose sudden deaths were likely due to a known 
noncardiac cause, such as a large pulmonary embolism that could result in cardiac arrest or 
malignancy that is not in remission. If unwitnessed, subjects should have been observed alive 
within 24 hours of their deaths [12]. The WHO’s International Classification of Diseases, the 

24‐h Na excretion (mmol/day) =  16.3 ×  √ 
________________________

     (   Na  SMU   /  Cr  SMU   )    × Pr. UCr  24     

NaSMU: Na concentration in second urine sample after waking (mEq/L)

CrSMU: Cr concentration in second urine sample after waking (mg/L)

Pr.UCr24: estimated 24‐h urinary Cr excretion (mg/day)

 Male Body weight (kg) × 15.1 + Height (cm) × 7.4 − Age × 12.4 − 80

 Female Body weight (kg) × 8.6 + Height (cm) × 5.1 − Age × 4.7 − 75

Cr, creatinine

Table 2. Formula for the estimation of the 24‐h Na excretion from the data in the second urine sample after waking and 
estimated Cr excretion.
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10th revision (ICD‐10) was used in this study. The code of I60–I64 was for stroke, includ‐
ing hemorrhagic (I60–I62), ischemic (I63), and nonspecified stroke (I64). The code of cardiac 
events included I21–I22 for acute myocardial infarction and I46.1 for sudden cardiac death. 
Information on demographic characteristics, diagnosis such as imaging, markers of myocar‐
dial injury, and electrocardiogram, and time of event onset and death was also collected. In 
addition, for a high quality of registration of acute cardiovascular events, information on all 
deaths within this period were recorded, such as underlying and direct causes of all deaths, 
the place and time of death, diagnoses and related evidence, and so on. Discharge records 
were mainly used to qualify diagnoses, and for patients who did not visit the clinics of local 
hospitals, any other medical records and inquires by doctors were employed.

Three survey stages for collecting acute cardiovascular events, that is, a hospital‐based search 
and reading of medical records of inpatients in all four local hospitals (i.e., the People’s 
Hospital of Altay Prefecture, the People’s Hospital of Altay City, the 16th People’s Liberation 
Army Hospital, and the Kazakh Hospital of Altay), a supplementary registration from vil‐
lage physicians, and a survey for reducing false negatives, were included in this work. On 
August 10–12, 2016, we visited the departments responsible for medical records in these four 
hospitals. We searched all files indexed by discharge date, residence, and ICD‐10 codes. After 
excluding some files according to ethnics, names, and age, an expert committee including 
clinical doctors and public health doctors read medical courses, judged an acute cardiovas‐
cular event, and filled an event card out. On August 11, 2016, we trained all related village 
physicians who were responsible for collecting clues on the occurrence of acute cardiovascu‐
lar events in selected subjects. On August 15, 2016, these clues were submitted to the expert 
committee. For patients with a history of hospitalization, a reading of medical records and a 
judgment for identifying acute cardiovascular events were done; for the ones not hospital‐
ized or whose deaths occurred at home, a detailed inquiry was conducted for the relatives of 
patients and related village physicians. Also, electronic files of medical insurance were used 
to search related cases. No loss to follow‐up was found. On August 26, 2016, with checking 
the preliminary results of collection, we found zero events identified in the township office, 
thereafter a recheck was done by telephone through village physicians.

2.7. Statistical analysis

Initially the distribution of each cardiovascular risk factor was examined among three 
groups by gender. We calculated the prevalence with 95% confidence intervals for binary 
variables and means with standard deviations for continuous variables; medians (interquar‐
tile range) are presented for triglycerides and fasting blood glucose since these data were 
positively skewed. All reported values (means, prevalence) were adjusted for age using lin‐
ear regression or logistic regression models. We assessed trends in educational attainment 
and economic measures by fitting regression models for each outcome and performing the 
Wald test on model parameters. The incidence refers to all events, first or recurrent and non‐
fatal or fatal, within one year per 100,000 people, and mortality rate is the number of fatal 
events within 28 days per 100,000 people [9]. The incidence and mortality were standard‐
ized with the weights from distribution of age and gender in the Sixth National Census of 
China conducted in 2010. A Chi square test was used to compare difference of groups for 
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qualitative data. All P‐values were two‐sided except P trend tests based on nonconditional 
logistic method, in which one‐sided P values were used, and a P‐value < 0.05 was considered 
statistically significant. All analysis was conducted with the use of SAS 9.2 Version (Institute, 
Inc., Cary, NC, USA).

3. Results

In general, the farmer group had the highest proportion (50.2%) of the participants and the 
eldest median age (45; range 30–85 years), followed by the nomad group (the proportion was 
38.2% and median age 44; range 30 to 88 years) and the urban group had the lowest participat‐
ing proportions (11.6%) and the youngest median age (39; range 30 to 78 years). About 24.5% 
of the participants had a high school education or higher, 88.1% were married and living with 
a spouse, and 41.2% had annual family income between 10,000 and 40,000 RMB. Basic medical 
insurance covered almost all of the participants (97.8%). The study population was relatively 
stable with a mobile population (migrant workers) of 1.9%. The characteristics of the partici‐
pants in each subgroup by gender are shown in Table 3.

Nomads Farmers Urban group

Men Women Total Men Women Total Men Women Total

No. 299 338 637 410 428 838 70 123 193

Age 
(years, 
Mean 
(SD))

46.6 (12.2) 46.6 (12.5) 46.6 (12.3) 46.9 (12.3) 48.3 (13.1) 47.6 (12.7) 43.5 (10.0) 40.8 (8.0) 41.8 (8.9)

Education (years, mean (SD))

≤Primary 
school

124 (41.6) 138 (41.1) 262 (41.3) 114 (28.0) 125 (29.3) 239 (28.7) 1 (1.4) 1 (0.8) 2 (1.0)

Middle 
school

145 (48.7) 164 (48.8) 309 (48.7) 227 (55.8) 200 (46.8) 427 (51.2) 6 (8.6) 10 (8.1) 16 (8.3)

High 
school or 
above

29 (9.7) 34 (10.1) 63 (9.9) 66 (12.2) 102 (23.9) 168 (20.1) 63 (90.0) 112 (91.1) 175 (90.7)

Marital status

Married 267 (89.6) 287 (85.4) 554 (87.4) 362 (88.9) 370 (86.7) 732 (87.8) 68 (97.1) 110 (89.4) 178 (92.23)

Other* 31 (10.4) 49 (14.6) 80 (12.6) 45 (11.1) 57 (13.4) 102 (12.2) 2 (2.9) 13 (10.6) 15 (7.8)

Annual family income (RMB)

<10 000 163 (54.9) 192 (57.5) 355 (56.3) 228 (56.2) 259 (61.7) 487 (59.0) 11 (15.7) 24 (19.5) 35 (18.1)

10 000–40 
000

117 (39.4) 132 (39.5) 249 (39.5) 163 (40.2) 150 (35.7) 313 (37.9) 45 (64.3) 72 (58.5) 117 (60.6)

≥40 000 17 (5.7) 10 (3.0) 27 (4.3) 15 (3.7) 11 (2.6) 26 (3.2) 14 (24.0) 27 (22.0) 41 (21.2)
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3.1. Distribution of cardiovascular risk factors

Table 4 shows the distribution of cardiovascular risk factors by occupational categories and 
by gender. We observed a significantly diverse pattern between groups for the risk factor 
measurements. Nomad men and women had the highest mean levels of SBP and DBP, TC, 
LDL‐C, HDL‐C, and FBG, followed by the farmer group, and the urban men and women had 
the lowest level in most subgroups (all P < 0.001). The main exceptions were for BMI and TG 
level where an opposite trend was observed. Compared with nomads and farmers, urban 
people, both men and women, had the highest mean level of BMI and TG though there was 
less statistical significance in the trend in TG level among urban women.

Age‐adjusted prevalence of cardiovascular risk factors by occupational backgrounds and 
by gender is presented in Figure 2. The overall prevalence (95% CI) of hypertension was 
50.0% (49.0%, 51.1%) among men and ranged from 47.1% (44.3%, 49.9%) (urban men) to 
54.2% (52.5%, 55.8%) (nomad men). In women, prevalence of hypertension was 41.1% (39.3%, 
42.8%) and ranged from 22.8% (19.2%, 26.3%) (urban women) to 47.0% (44.2%, 49.9%) (nomad 
women). Nomad group, both men and women, had the highest rates of hypertension (all P 
< 0.001). Overall, 39.4% (38.9%, 39.9%) of men had dyslipidemia; dyslipidemia prevalence 
ranged from 37.5% (37.2%, 37.7%) (nomad men) to 55.7% (53.9%, 57.5%) (urban men). Overall 
prevalence of dyslipidemia among women was 24.1% (23.8%, 24.4%), which ranged from 
23.4% (22.7–24.0%) (nomad women) to 30.1% (29.7%, 30.4%) (urban women). Urban group, 
both men and women, had the highest rates of dyslipidemia (all P < 0.001). About 26.2% (26.1, 
26.3%) of men were obese; prevalence of obesity ranged from 24.4% (24.1%, 24.6%) (farmer 
men) to 41.4% (40.3%, 42.5%) (urban men). Among women, overall prevalence of obesity 
was 37.8% (37.3%, 38.2%). Prevalence of obesity was the highest (44.7%) (42.5%, 46.9%) for 
urban women the lowest 33.7% (32.9%, 34.5%) for nomad women. Urban group, both men 
and women, had the highest rates of obesity (all P < 0.001). Overall, 1.9% (1.8%, 2.0%) of men 
and 1.2% (1.1%, 1.3%) of women had diabetes mellitus, ranging from 1.2% (1.1%, 1.3%) in 
farmer men to 2.9% (0.9%, 4.8%) in urban men and from 0.7% (0.6%, 0.8%) in farmer women 

Nomads Farmers Urban group

Men Women Total Men Women Total Men Women Total

Medical insurance

Yes 295 (99.0) 324 (96.4) 619 (97.6) 399 (98.3) 419 (98.1) 818 (98.2) 69 (98.6) 118 (95.9) 187 (96.9)

No 3 (1.0) 12 (3.6) 15 (2.4) 7 (1.7) 8 (1.9) 15 (1.8) 1 (1.4) 5 (4.1) 6 (3.1)

Go out for work in past year

Yes 8 (2.7) 2 (0.6) 10 (1.6) 20 (4.9) 5 (1.2) 25 (3.0) 5 (7.1) 5 (4.1) 10 (5.2)

No 285 (95.3) 333 (98.5) 618 (97.0) 381 (93.0) 415 (97.0) 796 (95.0) 64 (91.4) 118 (95.9) 182 (94.3)

*Separated, divorced, or widowed. Data on marital status, annual family income, medical insurance, and going out for 
work in the past year are person numbers (percents) of participants.

Table 3. Descriptive characteristics for Kazakh participants by occupational background and by gender.
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to 3.3% (2.0%, 4.5%) in urban women, respectively; urban men and women had the highest 
diabetes prevalence (all P < 0.001). About 55.6% (54.9%, 56.4%) of men were current smokers, 
with highest prevalence of smoking among urban men (62.9, 61.8–63.9%) and lowest among 
farmer men (54.2, 53.0–55.4%). Overall, the prevalence of current smoking in women was low 
(2.6%, 2.5% to 2.7%); the highest prevalence of smoking was 4.4% (4.3%, 4.7%) among nomad 
women and the lowest was 1.4% (1.3%, 1.5%) among farmer women (all P < 0.001). These rates 
were largely unchanged when standardized to the Kazakh general population in 2010.

Table 5 shows the age‐ and occupation‐adjusted prevalence of cardiovascular risk factors by 
SES. For men, hypertension was more common in the lower educational attainment (ranged 
from 55.6 to 44.9% from low to high level) and lower annual family income (ranged from 
55.9 to 46.1%) group, whereas dyslipidemia and obesity were more common in the higher 
educational attainment (from 34.3 to 55.1% for dyslipidemia; 12.2 to 22.8% for obesity) and 
economic level group (from 37.3 to 44.5% for dyslipidemia; 13.1 to 18.9% for obesity), both 
showed a significant linear gradient relationship (all P < 0.01).  Similar to men, hypertension 

Men Women

Nomad 
(n=299)

Farmer 
(n=410)

Urban 
people 
(n=70)

P for 
trend*

Nomad 
(n=338)

Farmer 
(n=427)

Urban 
people 
(n=123)

P for trend*

Mean (SD) 
SBP (mmHg)

140.8 (23.0) 135.9(20.9) 132.2 (16.7) 0.001 138.2 (27.1) 134.3 (26.1) 125.8 (19.6) < 0.001

Mean (SD) 
DBP (mmHg)

88.5 (13.8) 85.3 (12.8) 85.7 (11.8) 0.005 85.3 (14.2) 82.2 (12.8) 81.2 (11.8) 0.001

Mean (SD) 
BMI (kg/m2)

25.6 (4.4) 25.5 (4.1) 27.1 (4.6) 0.011 26.5 (5.2) 27.1 (5.1) 27.5 (4.3) 0.085

Mean (SD) TC 
(mmol/L)

5.40 (0.94) 5.18 (0.94) 5.31 (1.01) 0.009 5.08 (0.91) 4.95 (0.96) 4.60 (0.81) < 0.001

Mean (SD) 
LDL‐C 
(mmol/L)

3.27 (0.61) 3.02 (0.60) 3.22 (0.64) <0.001 3.10 (0.60) 2.92 (0.61) 2.76 (0.50) < 0.001

Mean (SD) 
HDL‐C 
(mmol/L)

1.42 (0.42) 1.33 (0.35) 1.26 (0.54) 0.001 1.48 (0.40) 1.43 (0.33) 1.24 (0.29) < 0.001

Median (IQR) 
TG (mmol/L)

0.87 (0.62, 
1.30)

0.94 (0.71, 
1.43)

1.29 (0.91, 
2.27)

0.002 0.76 (0.58, 
1.03)

0.82 (0.58, 
1.11)

0.82 (0.62, 
1.10)

0.647

Median (IQR) 
FBG (mmol/L)

5.34 (5.03, 
5.64)

5.24 (4.95, 
5.53)

4.98 (4.74, 
5.33)

0.026 5.17 (4.89, 
5.44)

5.08 (4.78, 
5.37)

4.90 (4.64, 
5.22)

0.107

*P values were obtained by fitting regression models with risk factors as the outcome and performing Wald tests on 
model parameters (logistic regression was used for binary variables and linear regression for continuous variables).
SD: standard deviation; IQR: interquartile range; HDL‐C: high‐density lipoprotein cholesterol; LDL‐C: low‐density 
lipoprotein cholesterol; BP: blood pressure.

Table 4. Levels of BP, blood lipid, and fasting blood glucose in Kazakhs of three occupational backgrounds by gender.
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in women was found to be more common in lower educational level and lower annual family 
income group (the prevalence from 59.1 to 25.0% following an increasing educational level; 
from 51.8 to 37.8% following an increasing annual family income level, all P < 0.001), but there 
was no such trend in the distribution of dyslipidemia with SES. There was no significant trend 
in other risk factors’ distribution with regard to the level of SES.

Figure 2. Prevalence of adverse cardiovascular disease risk profiles for all participants by occupational backgrounds and 
gender. *Risk factors: Hypertension was defined as systolic blood pressure ≥ 140 mm Hg, diastolic blood pressure ≥ 90 
mm Hg, or receiving treatment; Dyslipidemia was defined as total cholesterol (TC) ≥ 6.22 mmol/L, or LDL cholesterol ≥ 
4.14 mmol/L, or HDL cholesterol < 1.04 mmol/L, or TG >1.70mmol; Obesity was defined as a body mass index ≥ 28 kg/
m2; Diabetes mellitus was defined as fasting blood glucose concentration ≥ 7.0 mmol/L or take hypoglycemic agents; 
Smoking was defined as currently smoking cigarettes. Values were adjusted for age. Error bars indicate 95% CIs (also 
see our previous publication [12]).
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Overall, 33.2% of men had a level of any one major risk factor only (most commonly smoke, 
50.8%); 35.3% and 21.1% of men had any 2 only or 3 or more risk factors, as shown in Figure 3. 
Prevalence of 3 or more risk factors was highest among urban men (30.0%) and lowest among 
nomad men (20.1%) (P < 0.001). Among women, 33.3% had one risk factor only (most com‐
monly hypertension, 44.3%); 24.3% and 8.1% had any 2, 3, or more risk factors. Prevalence of 
three or more risk factors was the highest among urban women (11.4%) and lowest among 
nomad women (6.5%) (P < 0.001). A significantly higher proportion (P < 0.001) of men than 
women had three or more risk factors. Prevalence of three or more risk factors was signifi‐
cantly higher (P < 0.001) with lower annual family income and lower education attainment 
(women only). The respective prevalence in men and women ranged from 48.9% and 52.9% 
for low family income group to 6.1% and 7.4% for high level family income group; and the 
respective prevalence ranged from 44.4 to 22.2% for women from low to high level of educa‐
tion (P < 0.001), but this trend revealed opposite for men with 20.7 and 28.7% from low to high 
level of education (P < 0.05).

In addition, we estimated 24‐h salt intake of 17.6 ± 14.2 g/d in this population. This value was 
17.6 (16.8), 16.9 (12.7), and 20.7 (9.8) g/d in these three occupational groups, respectively. 
Though high dietary salt intake was not associated with occupational background, a signifi‐
cant association of salt intake with BP level was observed among 1445 participants (86.6%) 
who did not take antihypertensive medication, as shown in Figure 4. This association on 

Figure 3. Comparison of profiles of risk factors by occupational backgrounds in men and women (also see our previous 
publication [12]).
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Though high dietary salt intake was not associated with occupational background, a signifi‐
cant association of salt intake with BP level was observed among 1445 participants (86.6%) 
who did not take antihypertensive medication, as shown in Figure 4. This association on 

Figure 3. Comparison of profiles of risk factors by occupational backgrounds in men and women (also see our previous 
publication [12]).
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high BP prevalence was also found when using a nonconditional logistic model (Table 6). 
A significantly increased prevalence for high BP was observed in the top quartile of uri‐
nary sodium excretion compared with the bottom quartile across the three different models. 
However, the strength of the association decreased after adjusting for potential confounding 
factors. In model 1 (adjusted for age only), ORs were 1.83 (95% CI: 1.19–2.83) and 2.38 (95% 
CI: 1.43–3.96) for men and women, respectively, in Q4 urinary sodium compared with Q1 
(model 1). When the model was adjusted for residence, educational level, alcohol consump‐
tion, smoking, BMI, and fruit and vegetable consumption, the association between urinary 
sodium and prevalence for high BP attenuated, with ORs being 1.61 (95% CI: 1.02–2.54) for 
men and 1.92 (95% CI: 1.13–3.27) for women. Moreover, we found a much poor situation in 
people with controlled hypertension (2.9% for a BP control and 10.1% for a BP control under 
medication). There was an obviously increasing trend on treatment and control of hyperten‐
sion following a sequence of nomads, farmers, and urban people, though this trend was not 
significant on control of hypertension (Table 7).

3.2. Occurrence of acute cardiovascular events

Forty‐two cases with 46 acute cardiovascular events, including 7 acute myocardial infarctions, 
[14] 3 sudden cardiac deaths, and 36 incident strokes, were found. Among these events, there 
were four patients experiencing multiple acute cardiovascular events: one patient with two 
concurrent events, subarachnoid hemorrhage (SAH) and AMI; one patient with a nonfatal AMI 
and an in‐hospital SCD after 31 days of the AMI occurrence; and two patients with ischemic 
stroke followed by another ischemic stroke or SAH after 28 days of the first stroke. All nonfatal 
AMIs had diagnostic evidence of markers of myocardial injury and ECG. 3 fatal cases were 
classified as possible AMIs with insufficient data. Besides one in‐hospital SCD, 2 out‐of ‐hospi‐
tal SCDs were unwitnessed at the occurrence of death but observed alive within 24 hours from 
their death. All strokes, hemorrhagic or ischemic, had evidence of computed tomography (CT) 

Figure 4. Estimated salt intake and BP in Kazakh people not taking antihypertensives (n = 1445).
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or magnetic resonance imaging (MRI). There were two cases with nonspecified stroke that was 
identified according to clinical manifestation. During this study, 31 deaths were found in 1668 
individuals including 19 CVD underlying deaths (61.2%). Among 42 events, 17 deaths were 
followed in which 12, including 3 SCDs (I46.1), 2 SAHs (I60), 2 hemorrhagic strokes (I61), 2 

Adjusted OR (95% CI) by gender

Men Women

Model 1 adjusted for age

Q1 1.00 1.00

Q2 1.05 (0.68,1.63) 1.58 (0.93,2.68)

Q3 1.06 (0.69,1.63) 1.66 (1.00,2.80)

Q4 1.83 (1.19,2.83) 2.38 (1.43,3.96)

Model 2 adjusted for age, occupation, and educational level

Q1 1.00 1.00

Q2 1.05 (0.68,1.63) 1.38 (0.81,2.37)

Q3 1.95 (0.68,1.63) 1.45 (0.85,2.47)

Q4 1.81 (1.17,2.79) 2.06 (1.22,3.47)

Model 3 adjusted for age, occupation, educational level, body mass index, current smoker, current drinker, fruit 
consumption and vegetable consumption

Q1 1.00 1.00

Q2 1.01 (0.64, 1.60) 1.29 (0.74, 2.23)

Q3 0.98 (0.62, 1.54) 1.30 (0.75, 2.24)

Q4 1.61 (1.02, 2.54) 1.92 (1.13, 3.27)

Table 6. Relationship between estimated salt intake and high BP (also see our previous publication [13]).

Percent (95% CI)

Awareness Treatment Controlled Medication‐controlled

Nomad 60.7 (59.3–62.0) 24.8 (22.9–26.6) 2.2 (2.0–2.3) 8.8 (8.4–9.1)

Farmer 62.7 (61.5–63.9) 31.4 (29.4–33.3) 3.2 (3.1–3.4) 10.3 (9.9–10.6)

Urban people 52.5 (49.5–55.4) 34.4 (29.5–39.3) 4.9 (4.3–5.5) 14.3 (13.3–15.3)

P for trend 0.410 0.002 0.082 0.237

Total 61.0 (60.2–61.9) 28.8 (27.5–30.1) 2.9 (2.8–3.0) 10.1 (9.8–10.4)

Table 7. Awareness, treatment, and control of hypertension.
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acute cerebrovascular accidents (I64), and 3 coronary deaths with insufficient data, happened 
within 28 days after CVD occurrence.

In the electronic search for medical records in hospitals, repeated in‐hospital records, par‐
ticularly for nonacute ischemic stroke (I63), were common. One among the ischemic strokes 
listed in the second diagnosis, the first diagnosis being primary hypertension (stage 3), was 
identified as an acute event only. Table 8 displays a comparison of the detailed search course 
for available files between the People’s Hospital of Altay Prefecture and the People’s Hospital 
of Altay City. Few AMIs shown in the People’s Hospital of Altay City were in accordance with 
its ability for treating CVDs, dramatically different from most strokes likely due to a policy 
of referrals; this finding should be compared with the People’s Hospital of Altay Prefecture, 
which ranks the highest in the Altay region. The number of events found in the People’s 
Hospital of Altay Prefecture, the People’s Hospital of Altay City, the 16th People’s Liberation 
Army Hospital, and the Kazakh Hospital of Altay was 20, 7, 0, and 1, respectively; another 18 
events (39.1%) were supplemented in the community. Among these 18 events, 5, 4, 1, 0, and 2 
events were diagnosed in the four hospitals above and a tertiary hospital in Urumqi, Capital 
of Xinjiang, respectively, and 2, 1, and 3 events were classified as SCD, acute cerebrovascular 
accidents, and AMI with insufficient data, respectively. The proportion of fatal events supple‐
mented by communities was significantly higher than that registered by hospitals (75.0% vs. 
26.5%, P = 0.003). The ratio of events was 3.6:1 for stroke and cardiac events and this ratio was 
1.6:1 for ischemic or hemorrhagic strokes. The detailed results are shown in Table 9.

A variation from the incidence of acute cardiovascular events following time and place is 
shown in Table 10. The incidence increased following time with a statistical significance  
(P < 0.001). As no events were identified in the township office and its adjacent Wutubulak 
village, we rechecked the information from the office by telephone through village physicians; 

Search aim The hospital of prefecture (Jan 2014–July 
2016)

The hospital of city (Oct 2013–July 2016)

Records Events Records Events

I21 1 0 0 0

I22 0 0 1 0

I46.1 0 0 0 0

I60 3 1 0 0

I61 10 4 4 0

I62 0 0 0 0

I63 13 5 114 5

I64 0 1 3 0

All‐cause deaths 2 0 2 0

Table 8. Results of a search for medical records in 2 major hospitals, Altay.
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Number of CVD 
events

Interval (years) Number of all‐
cause deaths

Average 
population size

Crude incidence 
(per 10,0000)

Time of occurrence

Oct 2012–Sep 2013 10 1.00 5 1665.5 600

Oct 2013–Sep 2014 13 1.00 7 1659.5 783

Oct 2014–Sep 2015 12 1.00 9 1651.5 727

Oct 2015–Jun 2016 11 0.75 10 1642.0 893

Village or township office

Kesirjia 3 3.75 4 145.0 552

Tarstark 7 3.75 5 209.5 891

Bitiworg 14 3.75 8 274.0 1363

Wutubulak 9 3.75 4 191.0 1257

Sarkamus 10 3.75 7 373.5 714

Duolart 3 3.75 2 269.0 297

Township office 0 3.75 1 190.5 0

Total 46 3.75 31 1652.5 742

Table 10. Distribution of events by time and place.

CVD event Hospital‐based 
number (%)

Community‐
based number 
supplemented (%)

Total

Disease category

Acute cardiac event

 Acute myocardiac infarction (I21~I22) 4 (57.1) 3 (42.9) 7

 Sudden cardiac death (I46.1) 1 (33.3) 2 (66.6) 3

 Subtotal 5 (50.0) 5 (50.0) 10

 Acute stroke event

 SAH (I60) 1 (50.0) 1 (50.0) 2

 Intracerebral hemorrhage (I61) 8 (62.7) 3 (27.3) 11

 Other nontraumatic intracerebral hemorrhage (I62) 0 0 0

 Cerebral infarction (I63) 13 (61.9) 8 (38.1) 21

 Not specified as hemorrhage or infarction (I64) 1 (50.0) 1 (50.0) 2

 Subtotal 23 (63.9) 13 (36.1) 36

Outcome category

 Non‐fatal 25 (73.5) 9 (26.5) 34

 Fatal 3 (25.0) 9 (75.0) 12

Total 28 (60.9) 18 (39.1) 46

Table 9. Comparison of hospital‐based and community‐based registration.
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no new event was found. This could relate to a small population size, young age, and a low 
proportion of men. The incidence and mortality of acute cardiovascular events were highly 
affected by age. An incidence summit occurred in people aged 50–59 years (Table 11). In gen‐
eral, the crude rates of incidence and mortality for acute cardiovascular events were 742 and 
194 per 100,000 people, respectively; the standardized rates were 926 and 272 per 100,000 peo‐
ple, respectively.

This part is also shown in our Chinese publication [15].

4. Discussion

4.1. Epidemic of cardiovascular risk factors

The overall prevalence of cardiovascular risk factors was found to be high in this sample of 
Kazakh population, and varied markedly across occupational backgrounds. Compared with 
nomad and farmer groups, urban participants had more multiple cardiovascular risk fac‐
tors and higher prevalence of dyslipidemia and obesity, while nomads possessed the highest 
prevalence of hypertension. The prevalence of diabetes mellitus was generally low in all sub‐
groups which exhibited a separate status in these highly related indicators which normally 
coexist in cluster. Additionally, a higher prevalence of cardiovascular risk factors was associ‐
ated with lower level annual family income and education attainment.

Previous studies on Kazakh populations considered Kazakh individuals as a single group, 
usually with comparisons to other ethnic groups [16–20]. Our study addressed a gap in 
intergroup variations in individual cardiovascular risk factor prevalence, which had several 

Number by disease Number by outcome Total

Cardiac event Stroke Nonfatal Fatal

Gender

Male (%) 6 (60.0) 20 (55.6) 20 (58.8) 6 (50.0) 26 (56.5)

Female (%) 4 (40.0) 16 (44.4) 14 (41.2) 6 (50.0) 20 (43.5)

Incident age (years)

< 40 (%) 1 (10.0) 2 (5.6) 2 (5.9) 1 (8.3) 3 (6.5)

40 ~ 49 (%) 1 (10.0) 7 (19.4) 6 (17.6) 2 (16.7) 8 (17.4)

50 ~ 59 (%) 3 (30.0) 11 (30.6) 10 (29.4) 4 (32.4) 14 (30.4)

60 ~ 69 (%) 2 (20.0) 7 (19.4) 8 (23.5) 1 (8.3) 9 (19.6)

70 ~ 79 (%) 0 9 (25.0) 8 (23.5) 1 (8.3) 9 (19.6)

≥ 80 (%) 3 (30.0) 0 0 3 (25.0) 3 (6.5)

Table 11. Distribution of events by gender and age.
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notable characteristics similar to previous work. First, Kazakh people were experiencing a 
strikingly higher rate of hypertension (50.1%); this prevalence is significantly higher than the 
national average (27.2% for a population aged 35 to 74 years) [18], higher than other ethnic 
groups such as Uygur (29.2%) and Han (30.2%) who account for 86% of total Xinjiang popula‐
tion, and also higher than previous reports for Kazakh adults (40.2%). Unfortunately, these 
people had a much poorer treatment and control of hypertension, compared with national 
average (28.8 vs. 82.9% for treatment of hypertension; 2.9 vs. 9.7% for BP control) [21]. In addi‐
tion to differences in genetic backgrounds, dietary intake of high salt and high fat appeared 
to be major environmental factors that contributed to high BP in this ethnic group, especially 
for Kazakh nomads; this is supported by this study and our previous study [13]. Besides rare 
intake of vegetable and fruit, salty air‐dried meat and milk‐tea were their indispensable daily 
food and beverage. Estimated 24‐h salt intake (20.6% of the person’s salt intake came from 
drinking salty milk tea, a daily drink) with an average of 17.6 g/d was much higher than 12.4 g 
from WHO‐CARDIAC study conducted in the same area (Kazakh as whole) in 2000 [22]. Salt‐
restriction, an easy, effective and affordable public health intervention, was needed urgently 
for these people. Second, urban participants had the highest prevalence of dyslipidemia com‐
pared with farmer and nomads groups, and this trend did not change following an increased 
age. Unlike some other studies showing that the prevalence of dyslipidemia in adult men 
changed with age like a “∩” shape [23–25], our results showed that young men possessed 
the highest prevalence of dyslipidemia and decreased significantly thereafter. For urban men, 
for example, the prevalence of dyslipidemia was 59.1% at age 30–44 years, 52.2% at age 45–59 
years, and 33.3% at age ≥ 60 years. This trend may be explained by some social habits. In 
Kazakh, men rather than women had more chance to contact society, especially young men, 
they may be closely associated with men’s social roles and have a higher chance to encounter 
unhealthy habits, including smoking, drinking (the prevalence of smoking and drinking was 
also at peak in this age period), and overeating as a result of social interaction, increasing the 
risk of dyslipidemia. With increasing age and reduced social interaction, awareness to protect 
one’s health increases, leading to the reduction of dyslipidemia risk. For women, our results 
revealed a similar trend with other studies [23–25]. The prevalence of dyslipidemia in women 
initially decreased and subsequently increased, this trend might be closely related to changes 
in hormone levels [26]. Some studies indicated that sex hormone level was an independent 
risk factor for dyslipidemia [27]. Third, The overall prevalence of diabetes was generally low 
(1.56%) in this study, which was similar with previous Kazakh reports (1.47–3.65%) [28, 29], 
but much lower than 9.7% of the national average level [30]. Unlike previous studies, which 
reported that diabetes tended to be bundled with hypertension, and that there was substan‐
tial overlap between diabetes mellitus and hypertension in etiology and disease mechanisms, 
our results revealed that diabetes mellitus was a relatively independent disease, and 3.1% of 
hypertension patients had a coinstantaneous type 2 diabetes mellitus. The mechanism why 
Kazakh people have such low prevalence remains unclear; further study should be warranted.

Assessing the pattern of risk factors for CVDs in the Kazakh population is important for 
several reasons. First, despite rapid urbanization in China, most of Chinese people still live 
in rural areas, especially in ethnic minority communities. A Kazakh level of urbanization 
is 15.3%, which is much lower than the national average level (36.9%) [31]. Contrary to the 
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prevailing belief among policy makers that cardiovascular risk factors primarily afflict the 
urban affluent, the burden of cardiovascular risk factors in rural areas of developing coun‐
tries is currently heavy and rising [32], where people in resource‐poor areas have less access 
to preventive services, less access to medication and procedures, and more exposure to risk 
factors. Understanding the distributions of cardiovascular risk factors in these populations 
is vital for planning public health responses. Second, China is a multiethnic country, with 
Tibetans and Mongolians, who live in Xinjiang, Tibet, Qinghai, and Inner Mongolia, which 
account for one‐third of the total area of China; they have a lifestyle similar to that of Kazakh 
people. In addition to the possible effects of genetic background differences, environmental 
stress and lifestyle characteristics may have important effects on human physiology. These 
data provide important insights for the development of chronic diseases in populations who 
have similar living, environmental, and cultural exposures. Third, such data may contribute 
to our understanding of disease etiology by comparing risk profiles of naturally occurring 
groups. For example, persons with just one cardiovascular risk factor were more common in 
nomads or farmers, whereas those with ≥ 2 (for women ≥ 3) risk factors were more common 
in city people, which exhibits a clear way (from nomad to farmer to city people) showing that 
Kazakh people are experiencing lifestyle changes compared to the simple nomadic lifestyle 
and dietary habits; these changes are more conspicuous among young people. The genetic 
homogeneity of these groups tends to help isolate the role of environmental and lifestyle fac‐
tors in the etiology of various chronic diseases.

4.2. Registration of acute cardiovascular events

Our preliminary work on registration of acute cardiovascular events has two main findings.

This work is highly complicated and needs coordination from public health and clinical spe‐
cialists. Searching all probable incident clues and making a diagnosis for targeted cases are 
comparably important. To accumulate experience for a national surveillance of acute cardio‐
vascular events that are not based on a cohort, we initially used a follow‐up‐based method 
by telephone. Hospital‐based and community‐based searches for CVD clues were synchro‐
nously employed, as suggested by the WHO MONICA project [33]. In this study, village 
physicians played an important role. They were familiar with health problems of local people 
and could provide some crude information on our interest after simple training. This reduced 
false negatives which might be caused due to seeing a doctor out of the local place, failing 
to search files in hospitals, and occurrence of death before arriving at hospital or at home. 
During a work stage in hospital, multiple files indexed by one patient code were boring; this 
was particularly frequent for ischemic stroke. Unfortunately, we could not directly access 
information on acute symptom, diagnostic evidence, and time of occurrence in a discharge 
card that usually is used by a hospital information system; this was serious in stroke that had 
a good match between ICD‐10 code and a clinical diagnosis. With this situation, a disease his‐
tory described in the medical records need to be read.

Studies related to incidence or mortality of acute cardiovascular events in Kazakh people are 
currently scarce. This population has a much higher incidence and mortality of acute cardio‐
vascular events, compared with an average level in China. According to a national survey 
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conducted in people aged 20 years or older across China in 2010, the incidence and mortality 
of stroke were 246.8 and 114.8 per 100,000 people standardized to China Census Population 
2010, respectively [34]. The incidence of AMIs is unknown at the same time; however, related 
guidelines indicated that the ratio between AMIs and stroke was likely appropriate 1:5 [6] 
and this ratio was consistent with our study. Our study showed a 1.6 ratio of ischemic stroke 
compared to hemorrhagic stroke; this was much lower than the national level (approximately 
equal to 3) [34] that could be related to a much higher prevalence of hypertension in the 
Kazakh population. The age summit for acute cardiovascular events was 50–59 years in our 
sample population, younger than the mean age of people with prevalent stroke (66.4 years) 
in the national survey.

4.3. Strength, limitation, and its future

A key strength of this study is that we have a high‐quality study design and practice with a 
high response rate which helps to ensure good internal validity and a reasonable approach 
to extrapolation of study results. However, a number of limitations should be kept in mind 
when assessing the evidence provided by our study. First, the participants in the urban group 
are relatively younger, and have a higher SES compared with other urban residents; therefore, 
the prevalence of cardiovascular risk factors may be underestimated. Second, because the 
study is community‐based, the problem of clustering of risk factors within families could lead 
to some error in risk estimation, future research will be needed in this aspect. Nevertheless, 
our study population was from a town; this may lead to a limitation for generalizing our 
results, but this should not compromise the internal validity of our findings.

Due to a limited study year, we do not further calculate the incidence and mortality in differ‐
ent occupational populations. The next stage of follow‐ups will be conducted. Nevertheless, 
we have established a population base with a follow‐up system for cardiovascular outcomes 
and a good relationship with local governments. The Mother Program, aiming to reduce salt 
intake, is currently being conducted by local department of health and population. First, 
village physicians, women village leaders, and teachers in this town, who participate in an 
intervention for villagers, will be trained by seminars, textbooks, and multimedia. Second, 
all women will participate in multiple trainings about knowledge of hypertension and its 
prevention as well as how to reduce daily salt intake and improve diet. For a better effect, we 
will visit each family and help them achieve a goal of salt‐restriction. Third, two‐hour classes 
on hypertensive healthcare will be added per term in all schools of this town. We will have a 
rounded evaluation including all baseline contents every other year. During a further follow‐
up, we schedule the goal at the end of this study including lowering daily salt intake to 10 g, 
lowering blood pressure by 10/5 mmHg, and a significant reduction in incidence due to car‐
diovascular outcomes. Researchers, clinical physicians, and government officials are involved 
in this program team.

We believe that long‐term effects of this lifestyle improvement will benefit not only male and 
female all‐age Kazakh population but also next Kazakh generations. Also, our quality work 
will provide experience to combine medicine‐based evidence with current nationwide poli‐
cies, such as China National Herdsmen Settling Program covering two‐thirds of land territory 
in China, for benefiting related ethnic minorities, such as Tibetan and Mongolian people.
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conducted in people aged 20 years or older across China in 2010, the incidence and mortality 
of stroke were 246.8 and 114.8 per 100,000 people standardized to China Census Population 
2010, respectively [34]. The incidence of AMIs is unknown at the same time; however, related 
guidelines indicated that the ratio between AMIs and stroke was likely appropriate 1:5 [6] 
and this ratio was consistent with our study. Our study showed a 1.6 ratio of ischemic stroke 
compared to hemorrhagic stroke; this was much lower than the national level (approximately 
equal to 3) [34] that could be related to a much higher prevalence of hypertension in the 
Kazakh population. The age summit for acute cardiovascular events was 50–59 years in our 
sample population, younger than the mean age of people with prevalent stroke (66.4 years) 
in the national survey.

4.3. Strength, limitation, and its future

A key strength of this study is that we have a high‐quality study design and practice with a 
high response rate which helps to ensure good internal validity and a reasonable approach 
to extrapolation of study results. However, a number of limitations should be kept in mind 
when assessing the evidence provided by our study. First, the participants in the urban group 
are relatively younger, and have a higher SES compared with other urban residents; therefore, 
the prevalence of cardiovascular risk factors may be underestimated. Second, because the 
study is community‐based, the problem of clustering of risk factors within families could lead 
to some error in risk estimation, future research will be needed in this aspect. Nevertheless, 
our study population was from a town; this may lead to a limitation for generalizing our 
results, but this should not compromise the internal validity of our findings.

Due to a limited study year, we do not further calculate the incidence and mortality in differ‐
ent occupational populations. The next stage of follow‐ups will be conducted. Nevertheless, 
we have established a population base with a follow‐up system for cardiovascular outcomes 
and a good relationship with local governments. The Mother Program, aiming to reduce salt 
intake, is currently being conducted by local department of health and population. First, 
village physicians, women village leaders, and teachers in this town, who participate in an 
intervention for villagers, will be trained by seminars, textbooks, and multimedia. Second, 
all women will participate in multiple trainings about knowledge of hypertension and its 
prevention as well as how to reduce daily salt intake and improve diet. For a better effect, we 
will visit each family and help them achieve a goal of salt‐restriction. Third, two‐hour classes 
on hypertensive healthcare will be added per term in all schools of this town. We will have a 
rounded evaluation including all baseline contents every other year. During a further follow‐
up, we schedule the goal at the end of this study including lowering daily salt intake to 10 g, 
lowering blood pressure by 10/5 mmHg, and a significant reduction in incidence due to car‐
diovascular outcomes. Researchers, clinical physicians, and government officials are involved 
in this program team.

We believe that long‐term effects of this lifestyle improvement will benefit not only male and 
female all‐age Kazakh population but also next Kazakh generations. Also, our quality work 
will provide experience to combine medicine‐based evidence with current nationwide poli‐
cies, such as China National Herdsmen Settling Program covering two‐thirds of land territory 
in China, for benefiting related ethnic minorities, such as Tibetan and Mongolian people.
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5. Conclusions

In conclusion, findings from the CAKH study demonstrate the pervasive burden of cardio‐
vascular risk factors and related acute cardiovascular events and an urgent need for control‐
ling and preventing these risk factors in Kazakh population, especially BP in Kazakh nomads.
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Abstract

Much more specialists are nowadays aligning themselves on the view according to which 
the prevalence of cardiovascular disease will reach epidemic levels in the near future 
due to the increase of hypertension, diabetes and obesity. Most epidemiological studies 
indicate that we are confronted with a multiplication of risk factors, with an empha-
sis on their genetic conditioning as well as an acceleration of the effects generated by 
non-genetic factors. According to WHO recommendations, the appropriate methods of 
reducing the cardiovascular risk are those that combine health policies with efficient edu-
cation measures. Long-term results of these measures aim to decrease the incidence of 
complications and associated costs with their treatment at the same time with increasing 
the quality of life. Approximately 50% of deaths from heart disease could be prevented 
through sustained action on the main cause—hypertension—and by treating risk factors, 
primarily hyperlipidemia and elevated body weight. Atherosclerotic disease requires a 
rigorous approach because identifying predisposing risk factors with proven implica-
tions in the initiation and progression of this disease, as well as modulation of those with 
protective role, can have a significant impact in finding an appropriate treatment in order 
to improve cardiovascular diseases and their consequences.

Keywords: hypertension, diabetes, obesity, atherosclerosis, metabolic syndrome

1. Introduction

Significant research has suggested that vascular segments that have fingerprints of the 
atherosclerotic lesions (endothelial dysfunctions, macrophage activation, cellular proliferation 

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
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distribution, and reproduction in any medium, provided the original work is properly cited.



and thrombosis) respond differently on medication, starting from the idea that we can accept 
as a initial point either inflammation or normal lipid profile perturbation [1, 2]. Therapeutic 
approach of the atherogenic dyslipidemia imposes the correlation with proatherogenic 
individual tendencies in order to correct the further risks. Atherosclerosis must be seen as 
a continuous process that starts from small endothelial dysfunctions and leads to important 
alterations of the vascular wall [3, 4]. The use of pharmacotherapeutic agents must be done 
in a tight correlation with the local pathophysiology, evaluating not only the risk factors but 
also the dynamic knowledge and clinical manifestations of this global disease [5, 6]. Although 
there are certain atherogenic risk factors considered causal agents for atherosclerosis, this 
disease can appear and evolve in their absence. Thus, there have been revealed atherosclerotic 
plaques in patients deceased from ischemic cardiomyopathy and especially from myocardial 
infarction, regardless of the blood pressure values, or the cholesterol and triglycerides values, 
and the presence or absence of smoking [7].

2. Main body

Myocardial infarction, stroke and venous thromboembolism represent the most important 
causes of death among female and men. Coronary heart disease, due to atherosclerosis, is a 
cause of myocardial infarction and is the first cause of death in women and men worldwide 
[7]. Strokes by venous or arterial thrombosis are more frequently in menopausal woman, 
whereas the stroke with cerebral hemorrhage, even if is less frequent, appears in young 
female and is caused by a cerebral vascular anomaly. Venous thrombosis includes superficial 
thrombosis that are autolimitated and deep thrombosis, most frequently at the level of pop-
liteal and femoral vein. In approximately 10% of cases, a part of the thrombus or the entire 
thrombus can detach and determine pulmonary embolism [8].

Cardiovascular disease appears in coronary arteries when the atherosclerotic lesions evolve 
from an initial accumulation of isolated foam cells in the arterial intima to fatty streaks, fol-
lowed by the accumulation of cholesterol deposits and atheroma formation. Once the atheroma 
is formed, the collagen from the fibrous cap stabilizes the plaque and prevents its rupture. 
But, matrix metalloproteinases, which are produced by the inflammatory cells from the lesion 
level, may degrade the collagen, and in case of a rupture of the fibrous cap, the resulted thro
mbus can block the affected coronary artery [9].

Cardiovascular disease may have their origin in the intrauterine life, but also a low birth 
weight and an extremely rich diet increase the risk of obesity and a specific metabolic syn-
drome in adults. Cardiovascular disease incidence and mortality are very low in reproductive 
age women, but it increases with age [8].

Estradiol (E2) reduces the development of the early atherosclerotic lesions, in some measure, 
by its effects on the lipid metabolism, with a reduction of the lipid deposits from the intima. 
On the other hand, at the level of the already made atheroma, the estrogens increase the 
matrix metalloproteinases expression, which can lead to the disruption of the fibrous cap 
and the rupture of the plaque. In this case, a turbulent blood flow is produced; the estradiol 
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has thrombogenic properties and leads to clot formation that may obstruct the arterial 
lumen [10]. Therefore, through various mechanisms, the estrogens inhibit the early develop-
ment of the atherosclerosis but at the same time increase the risk of complications once the 
atherosclerosis has been installed. Atherosclerotic lesions from the carotids and cerebral ves-
sels may be affected by similar mechanisms; thus, in comparison with men, women are rela-
tively protected by the thrombotic stroke before menopause, and any hormonal impact leads 
to changes in the status of the coagulation, anticoagulation and thrombotic factors [11].

World Health Organization conducted numerous studies regarding the mortality due to 
myocardial infarction, stroke and venous thromboembolism in many countries across the 
world [12]. Mortality by myocardial infarction in women increases exponentially with age. 
It is twice as high in American population as in the West Pacific population. The mortality 
rate of this condition is smaller in reproductive aged people, being 1–7 in 100,000 women 
aged 35–44 years/year. Reproductive aged women have 3–5 times smaller mortality rates 
than men, becoming similar over the age of 65 years. Consequently, age has a major influ-
ence because the number and the severity of the lesions increase with age; for this reason, the 
prevention of the atherosclerosis progression is very important, even in the seventh or eighth 
decade of life [13]. Atherosclerosis is not symptomatic until midlife or later, when the arterial 
lesions determine organ injury. However, cardiovascular signaling markers were frequently 
identified in children in the last few years. Anatomopathological examination of coronary 
arteries sampled from children who died in accidents showed fatty streaks and fibrous caps, 
in smoking, high blood pressure, obese or dyslipidemic subjects. Therefore, it is mandatory 
to identify the risk factors at an early age in order to prevent the premature appearance of 
myocardial infarction [14, 15]. Epidemiological studies revealed an increased incidence of 
myocardial infarction approximately five times higher in individuals between the ages of 40 
and 60 years [16].

Hormonal contraceptives, pregnancy and polycystic ovary syndrome in young women and 
menopause in older women are directly linked with cardiovascular diseases [17]. The use of 
combined hormonal contraceptives has minor effects in cardiovascular disease, given the low 
incidence of myocardial infarction, stroke and venous thromboembolism in young women. 
However, women who already have risk factors or cardiovascular diseases should take into 
consideration alternative contraceptive methods. In pregnant women, cardiovascular diseases 
are rare; even in West countries they determine a significant proportion of maternal mortality 
compared to the substantial decrease of obstetrical mortality. The frequency of venous throm-
boembolism is 15 in 10,000 in pregnancy and postpartum period [18]. In older woman, it 
seems that menopause determines a higher risk of myocardial infarction, even if the results of 
numerous studies show a significant risk of heterogeneity. It is known that estrogen reduces 
the risk of developing atherosclerosis in premenopausal women, whereas in post-menopause, 
in women with atherosclerotic disease, the estrogen increases the risk of myocardial disease 
by its effects over the plaque stability and clot forming. The recent study results indicate that 
hormonal treatment in menopause does not always improve the risk of myocardial infarction, 
stroke or other vascular diseases. Thus, cardiovascular disease prevention should be based on 
diet and sport, small doses of platelet antiaggregant and treatment of high blood pressure, 
hyperglycemia and hyperlipidemia [19, 20].
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The atherosclerosis complications are unusual in premenopausal women, with the excep-
tion of the ones predisposed to diabetes mellitus, hyperlipidemia or high blood pressure. 
The incidence of diseases related to atherosclerosis increases in menopause, probably being 
connected to the disappearance of the hormonal protection [16]. Some data demonstrated 
that estrogen replacement therapy has a favorable effect over the risk, increasing HDL and 
decreasing LDL levels [21]. The use of steroid hormonal contraceptives increases two to three 
times coronary atherosclerosis risk, mainly in smoking female over 35 years [22].

In the last few years, the criteria for metabolic syndrome have been reviewed: abdominal 
obesity, increased serum cholesterol, high blood pressure, insulin resistance with or without 
impaired glucose tolerance, proinflammatory status, a high level of Creactive protein and 
a prothrombotic status with a high plasmatic fibrinogen and coagulation factors level [23].

Morphological and experimental studies have demonstrated connections between hyperlip-
idemia, especially hypercholesterolemia, and atherosclerosis, both in women and in men. The 
content of the atheroma plaque, which is made of cholesterol and cholesterol esters, the struc-
ture of the foam cells and the experimental production of atherosclerosis by a high-fat diet, 
has been initial arguments for the implication of lipids in atherosclerosis genesis. Cholesterol 
and triglycerides are the lipids with the highest impact for atherosclerosis and ischemic car-
diomyopathy. Prospective studies showed that patients with a plasmatic cholesterol level 
over 260 mg% have a three or four times higher incidence of atherosclerosis than the patients 
with a level under 200 mg% [24]. From the total cholesterol, the major component that is 
associated with a high risk is LDLcholesterol that has an essential physiological role in sup-
plying the cholesterol to the peripheral tissue [25]. In opposition, HDLcholesterol has the 
role of uptaking the cholesterol from the forming atheroma or from those already formed 
and transport it to the liver. Beside the ability of removing the cholesterol from the cellu-
lar level, HDLcholesterol has antiinflammatory, antioxidant and antithrombotic properties 
that contribute to the improvement of the endothelial function and atherosclerosis inhibition. 
Therefore, as the HDLcholesterol level is higher, the risk of developing atherosclerosis low-
ers [26, 27]. In different experimental models, carbohydrate restriction proved to be efficient 
in the decrease of the plasmatic triglycerides, increase of HDLcholesterol and modifying 
the repartition of the LDLcholesterol [28]. The physical exercises and moderate consume 
of ethanol increase the HDLcholesterol level, whereas the obesity and smoking decrease it. 
High cholesterol diets or saturated fats, like the ones from the butter, animal fats and yolk, 
increase the level of the plasmatic cholesterol, whereas the diets poor in cholesterol and poly-
unsaturated fats decrease it. Omega3 fatty acids, found in fish oil, are probably beneficial, 
whereas the unsaturated fats produced by the artificial hydrogenation of the vegetable poly-
unsaturated fats and used in alimentation may influence negatively the cholesterol profiles, 
conducting to atherosclerosis. Beneficial effects of the omega fatty acids have been observed 
in the Northern countries, where the consumption of a large quantity of fish determined a 
decrease of the cardiovascular disease. If the cholesterol value cannot be diminished by diet, 
we can use drugs named statins that reduce the indirect circulating cholesterol by inhibiting 
the HMGCoAreductase, a key enzyme necessary for the biosynthesis of the cholesterol in 
the liver [16, 29, 30]. From the existing statins on the market, studies showed the efficacy in 
cardiovascular disease prevention for Atorvastatin and Rosuvastatin [31].
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Early coronary artery disease appears usually in patients with medical history of hypercho-
lesterolemia. Numerous laboratory tests showed significantly higher levels of cholesterol and 
lower levels of HDLcholesterol (especially of HDL2) in patients under 40 years old with 
coronary artery disease (men or women) compared to patients over 60 years old to whom the 
disease could be noticed [32].

The screening involves dosing cholesterol and LDLcholesterol levels, and it is recommended 
to all the adults, especially to young people with a familial history of early ischemic cardio-
myopathy. The actual dyslipidemia guideline highlights the importance of maintaining the 
LDLcholesterol value within normal limits and reporting the cardiovascular disease to this 
value [33].

Polycystic ovary syndrome should be seen as a metabolic disease, with a high risk in devel-
oping diabetes mellitus type 2 and different cardiovascular disease [34]. If the glucose value 
is between 110 and 120 mg/dl, it is mandatory to perform the oral glucose tolerance test 
that allows us to precocious discover the diabetes mellitus and remove the complications. 
According to an international consent about the diagnostic criteria (The Rotterdam ESHRE/
ASRMSponsored PCOS Consensus Workshop Group, 2004), this syndrome is characterized 
by oligomenorrhea/amenorrhea, hyperandrogenism and polycystic ovaries. In addition, this 
syndrome is frequently associated with obesity and insulin resistance. Although women with 
this syndrome require medical assistance for unregulated menstrual cycles, hirsutism and 
infertility, it should not neglect the high risk of developing cardiovascular disease; therefore, 
clinician attention should be directed also to longterm prevention over these diseases [35].

Recent clinical studies regarding this syndrome established the existence of some metabolic 
risk factors in these women. The intermediary results include endothelial dysfunction, plate-
let dysfunction, increased number of leukocytes or high levels of C-reactive protein, coronary 
calcifications and the increase of the intimamedia thickness at the carotid level. A study con-
ducted on 161 patients with polycystic ovary syndrome also established frequent alterations 
in the metabolic syndrome parameters [36]. Regarding intermediate results, 33 women aged 
between 40 and 59 years, with histological confirmed syndrome, have been followed up to 
2–3 decades concluding that they developed obesity, high prevalence of diabetes mellitus and 
high blood pressure, compared with a same aged group [37].

Concerning the cardiovascular events, limited studies on females with polycystic ovary syn-
drome provided contradictory results, even if it has been established a certain correlation 
with a metabolic syndrome. We must highlight the fact that most studies are retrospective, 
on a small number of patients, on a short follow-up and a lot of questions regarding the 
control groups [38, 39]. Large prospective cohort studies, like Framingham or Nurses Health 
Study, focused over results about cardiovascular disease or cancers, could not identify hyper-
androgenism and anovulation as a separate risk phenotype. If we talk about American popu-
lation, they can calculate their death risk by cardiovascular disease using Framingham score. 
In Europe, we should take into consideration SCORE risk charts (Systematic Coronary Risk 
Evaluation Project). This allows each person to simply calculate his death risk by cardiovas-
cular disease in the next 10 years. It has the advantage that is very easy to use and all we need 
to know is gender, age, smoking status, blood pressure and cholesterol level. It can be used by 
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anybody and brings precious individualized information based on which it can be prescribed 
a treatment. A retrospective study from Great Britain, which included 786 women diagnosed 
with polycystic ovary syndrome between 1930 and 1979, could not establish the increase of 
the cardiovascular disease [40] or the morbidity [41] in these patients.

Cardiovascular disease is less frequent in women in reproductive age. First report regarding 
the cardiovascular disease as a secondary effect of the contraception took place in 1961, short 
after the discovery of the combined oral contraceptives [42]. Starting from 1960, estrogen and 
progesterone doses from contraceptive pills have been dramatically reduced and were cre-
ated new progestatives that are theoretically safer. Substantial data regarding the effects of 
the combined oral contraceptives over the cardiovascular disease exist, but there are less evi-
dence for the contraceptive pills that contain only progesterone [43].

High blood pressure is a condition characterized by an increase of the systolic value over 140 
mmHg and of the diastolic value over 90 mmHg, being a major risk factor for atherosclerosis 
at all ages, females being less affected [16]. Prothrombotic condition and Lp(a) are two risk 
factors correlated with the development and the progression of the organic damage in high 
blood pressure and also in the evolution of the atherosclerotic process [44]. Antihypertensive 
drugs reduce the incidence of atherosclerosis-associated diseases, such as strokes and isch-
emic heart disease [45]. High blood pressure is a risk factor common in old people compared 
to young people with a myocardial infarction, frequently found in females [46]. Mechanisms 
by which the high blood pressure accelerates the atherogenesis include: the direct lesion of 
the endothelial cells from the susceptible zones from the mechanic stress exercised over the 
vascular lumen, the alteration of the endothelial permeability with the increase of the lyso-
somal enzymes activity, the gradual thickening of the arterial intima caused by the prolifera-
tion of the smooth muscle fiber and connective tissue components [16].

Another extremely important risk factor involved in women atherosclerosis is heredity. 
Variable damage of the genes together with the environmental factors determines a differ-
ent atherogenic predisposition among the population. It has not been identified yet a genetic 
marker for atherosclerosis, but it seems that the genetic predisposed subjects for this degen-
erative disease are more vulnerable if associated with risk factors. Familial predisposition to 
atherosclerosis and ischemic heart disease is most probably polygenic [16] and normally is 
associated with other risk factors, like high blood pressure and diabetes mellitus. Familial 
risk for ischemic cardiomyopathy is extremely high in some dyslipidemia: familial hypercho-
lesterolemia, polygenic hypercholesterolemia and polygenic hypoalphalipoproteinemia [47].

Numerous proatherogenic factors have been discovered in various studies. Apolipoprotein 
E, with its three principal variants (E2, E3, E4), is a good example of genetic polymorphism 
involved in the atherosclerotic process [48]. In different populations, it was demonstrated 
that Apo E polymorphism is a major determinant for coronary disease. The risk of myocar-
dial infarction is smaller in patients with epsilon 2–E2 allele than the patients with epsilon 
4–E4 allele [49]. A decreased frequency of epsilon 4 allele has been found in the Northern 
countries of Europe, whereas this increases in the Southern Europe, like the cardiovascular 
disease mortality rate. In addition, a strong relationship between the medical history and the 
epsilon 4 Apo E distribution was established. Despite normal LDL, HDL and total cholesterol 
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values, Apo E polymorphism has been associated with negative prognostic, which raised the 
hypothesis that epsilon 4 allele represents a determinant factor for accelerated atherosclerosis 
in young people with myocardial infarction, by the modulation of other risk factors [50].

Decreased arterial compliance has a high predictive value for cardiovascular events, so its 
evaluation becomes an important objective in investigating the arterial function [51]. Various 
epidemiological and clinical studies brought arguments for a genetic component that is 
involved in the modulation of the arterial wall properties, unrelated with other risk factors 
[52]. An important number of genes that might affect the structure and role of the arterial wall 
exist (genes implied in different signaling paths and in modulating the extracellular matrix), 
and their identification is extremely important, offering on the one hand new biomarkers that 
are useful in evaluating the arterial compliance, and on the other hand new therapeutic tar-
gets in order to decrease the vascular rigidity [53, 54]. Currently, the arteriography allows the 
noninvasive quantification of vascular rigidity and longterm monitoring in cardiovascular 
rehabilitation programs.

Recent studies have shown that smoking is the most important adjustable risk factor in women 
and men under 40 years old with acute coronary syndrome, being observed in mostly equal 
parts in those with normal coronary arteries and in those with lesions on one or more coro-
nary arteries [55]. Smoking is involved in endothelial dysfunction by reducing the production 
of the nitric oxide, causing the coronary spasm [37]. Smoking one pack a day or more than 
one pack for years increases the ischemic cardiac disease mortality rate up to 200%. Smoking 
cessation considerably reduces the risk of developing the disease [16, 56].

Diabetes mellitus induces hypercholesterolemia and in consequence an increase in predispo-
sition for atherosclerosis in both male and female. The incidence of the myocardial infarction 
is two times higher at patients with diabetes mellitus compared to patients without diabe-
tes. Also they have a higher risk for strokes and it increases almost 100 times the risk of the 
gangrene on the inferior limb, induced by atherosclerosis, being most often discovered at 
smoker patients with diabetes [16]. This disease affects the elastic properties of the arterial 
wall, no matter the presence of other risk factors or intimal damage in patients with peripheral 
vascular disease [57]. Acute hypoglycemia causes important physiological changes, affecting 
cardiovascular system and some hematological parameters, mainly as a consequence of the 
sympathoadrenergic activation. In healthy adults, cardiovascular effects are transitory and 
do not have severe consequences, but can become pathological in patients with diabetes that 
already have endothelial dysfunction. The risk of localized tissue ischemia may be increased 
by acute hemodynamic and hematologic alterations; also, major vascular events like myo-
cardial or cerebral ischemia may be precipitated by acute hypoglycemia [58]. Clinical and 
experimental studies sustain the idea that insulin resistance syndrome and increased levels of 
circulating insulin are involved in cardiac ischemic disease [59].

High blood pressure and diabetes mellitus are risk factors associated most of the time in patients 
with cardiovascular diseases. Impaired glucose tolerance is accompanied by an increase in the 
thickness and the rigidity of great vessels, which determines high blood pressure, macro-
vascular complications and decreased renal function [60]. Chronic hypertension and diabe-
tes produce physiopathological changes both in great vessels and in  microvascularization.
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The increase of the arterial rigidity leads to increased systolic pressure and pulse pressure that 
conducts to a fall in the coronary perfusion. The remodeling of the resistance arteries and the 
capillary rarefaction causes the growth of the peripheral resistance, with high blood pressure 
and the amplification of the negative hemodynamic effects of the reduced arterial compliance; 
therefore, therapeutic interventions that must stop these vascular changes should have the 
aim to increase the central systolic pressure and the increase of the vascular bed perfusion 
[61, 62].

Patients with homocystinuria, which is a congenital metabolic disorder, characterized by 
elevated levels of circulating homocysteine (> 100 μmol/L) and urinary homocysteine, pres-
ents an early vascular injury [63]. Clinical and epidemiological studies revealed a connection 
between the serum levels of homocysteine and peripheral vascular disease, coronary artery 
disease, stroke, venous thrombosis, meaning that a high concentration of homocysteine is 
associated with the progression of the atherosclerosis [64]. Also, high concentrations of homo-
cysteine imperil the endothelial function, increase the oxidative stress, affect the methylation 
reactions and alter the protein structures [63]. Hyperhomocysteinemia can be caused by the 
reduced absorption of the folic acid and B type vitamins and, in consequence, recent data 
suggest that folic acid and B6 vitamin ingestion, together with a proper diet, could reduce the 
incidence of cardiovascular disease, but this remains to be established in further studies [16]. 
An increase of homocysteine concentration is correlated with a 10% risk of coronary disease. 
The increase of homocysteine up to 5 micromol/L carries a 41% higher risk, similar to a choles-
terol increase with 0.52 micromol/L (20 mg/L). Smoking and high blood pressure amplify the 
atherogenic action of high homocysteine levels. The association between hyperhomocysteine 
and factor V Leiden increases three to six times the thrombosis risk [65, 66].

A particular interest is conferred to the infectious etiology of atherosclerosis. Viral infections 
(herpes viruses, HIV-1), Mycoplasma or Chlamydia can affect the endothelial cell function and 
thus an increased adherence of the leukocytes and thrombocytes at the injured vascular sec-
tion [67, 68]. Numerous studies showed that atherosclerosis can be the consequence of the 
adaptive immunity due to microbial HSP-60 (Heat Shock Protein-60). Stress factors induce 
the growth of the HSP expression on the endothelial cells and the cross-reactivity between 
the antibodies and the microbial HSP that lead to autoimmune reaction and accelerated ath-
erosclerosis. The association between the infectious syndrome and coronary disease has been 
reported in many studies [69].

It has been issued the hypothesis that the infection of the vascular wall with pathogen agents 
like Chlamydia pneumoniae or cytomegalovirus (CMV) contributes to the appearance of athero-
sclerosis by insertion of new antigens in the vessel wall [70, 71]. C. pneumoniae was evidenced 
by direct immunofluorescence on endarterectomy pieces or by antibodies antiC. pneumoniae 
in plasma. Chlamydia pneumonia and CMV were absent in non-atherosclerotic vessels. The use 
of antibiotics in certain infections limits the atherosclerotic process [72].

At vascular wall level where atherosclerosis appears, there is a particular accumulation of 
mononuclear cells, CD4+ and CD8+ lymphocytes [73]. Endothelial cells, macrophages and 
dendritic cells have a role of antigenpresenting cells [72]. Infectious agents can infect macro-
phages and persist for a long time at their level, producing proinflammatory cytokine (INFγ, 
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Patients with homocystinuria, which is a congenital metabolic disorder, characterized by 
elevated levels of circulating homocysteine (> 100 μmol/L) and urinary homocysteine, pres-
ents an early vascular injury [63]. Clinical and epidemiological studies revealed a connection 
between the serum levels of homocysteine and peripheral vascular disease, coronary artery 
disease, stroke, venous thrombosis, meaning that a high concentration of homocysteine is 
associated with the progression of the atherosclerosis [64]. Also, high concentrations of homo-
cysteine imperil the endothelial function, increase the oxidative stress, affect the methylation 
reactions and alter the protein structures [63]. Hyperhomocysteinemia can be caused by the 
reduced absorption of the folic acid and B type vitamins and, in consequence, recent data 
suggest that folic acid and B6 vitamin ingestion, together with a proper diet, could reduce the 
incidence of cardiovascular disease, but this remains to be established in further studies [16]. 
An increase of homocysteine concentration is correlated with a 10% risk of coronary disease. 
The increase of homocysteine up to 5 micromol/L carries a 41% higher risk, similar to a choles-
terol increase with 0.52 micromol/L (20 mg/L). Smoking and high blood pressure amplify the 
atherogenic action of high homocysteine levels. The association between hyperhomocysteine 
and factor V Leiden increases three to six times the thrombosis risk [65, 66].

A particular interest is conferred to the infectious etiology of atherosclerosis. Viral infections 
(herpes viruses, HIV-1), Mycoplasma or Chlamydia can affect the endothelial cell function and 
thus an increased adherence of the leukocytes and thrombocytes at the injured vascular sec-
tion [67, 68]. Numerous studies showed that atherosclerosis can be the consequence of the 
adaptive immunity due to microbial HSP-60 (Heat Shock Protein-60). Stress factors induce 
the growth of the HSP expression on the endothelial cells and the cross-reactivity between 
the antibodies and the microbial HSP that lead to autoimmune reaction and accelerated ath-
erosclerosis. The association between the infectious syndrome and coronary disease has been 
reported in many studies [69].

It has been issued the hypothesis that the infection of the vascular wall with pathogen agents 
like Chlamydia pneumoniae or cytomegalovirus (CMV) contributes to the appearance of athero-
sclerosis by insertion of new antigens in the vessel wall [70, 71]. C. pneumoniae was evidenced 
by direct immunofluorescence on endarterectomy pieces or by antibodies antiC. pneumoniae 
in plasma. Chlamydia pneumonia and CMV were absent in non-atherosclerotic vessels. The use 
of antibiotics in certain infections limits the atherosclerotic process [72].

At vascular wall level where atherosclerosis appears, there is a particular accumulation of 
mononuclear cells, CD4+ and CD8+ lymphocytes [73]. Endothelial cells, macrophages and 
dendritic cells have a role of antigenpresenting cells [72]. Infectious agents can infect macro-
phages and persist for a long time at their level, producing proinflammatory cytokine (INFγ, 
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TNFα, IL1, IL6, IL8), metalloproteinase and integrins [74, 75]. It is important to mention 
the antigenic mimetism between oxidized LDL and Streptococcus pneumoniae; subsequently, 
the vaccination with pneumococcal antigen induces an immune response against oxidized 
LDL that might immunomodulate the atherosclerosis process [76].

Other factors that are hard to evaluate include the physical effort, type A of personality (char-
acterized by a stressed lifestyle), obesity; they determine high blood pressure, diabetes mel-
litus, hypertriglyceridemia and increase of LDLcholesterol [16]. Regularly physical activity 
induces the increase of HDLcholesterol, slowing the atherogenesis process and preventing 
ischemic cardiomyopathy. Physical and emotional stress and anxiety seem to be precipitating 
factors for ischemic heart disease and sudden death [77]. In Framingham study, cardiovas-
cular disease incidence was two times higher in obese men and 2.5 times in obese women 
under 50 years old [78]. Adipose tissue considered for a long time just a fat source, seems to 
be a proinflammatory endocrine and paracrine secretion organ. It is recognized as being an 
important source of proinflammatory mediators that can contribute in vascular injury, insulin 
resistance and atherogenesis. So the inflammation of the adipose tissue can be an important 
step in developing numerous manifestations in connection with pathological characteristics 
of metabolic syndrome and may lead to diabetes and atherosclerosis [79, 80]. Defining a rel-
evant obesity phenotype for cardiovascular risk can be done by adipocytokine identification, 
biomarkers that quantify the metabolic activity of the adipose tissue [81]. According to their 
effect, adipocytokines can be classified into proinflammatory adipocytokines, mediators of 
endothelial dysfunction and atherosclerosis that include TNFα (tumor necrosis factor), IL6 
(interleukin 6), leptin, plasminogen activator inhibitor (PAI-1), angiotensinogen, resistin and 
C-reactive protein (CRP), and adipocytokines with antiatherosclerotic role represented by 
nitric oxide (NO) and adiponectin [82].

Multiple risk factors cumulate their effects. The presence of two risk factors increases the risk 
almost four times; if there are three risk factors, the rate of myocardial infarction increases 
seven times. Also, the level of exposure at risk factors determines considerable variations in 
the evolution of the atherosclerotic process and this is the reason why and early determination 
through different methods would be extremely useful in the evaluation of the cardiovascular 
risk [83]. Atherosclerosis and its consequences may develop in the absence of any risk factor, 
even in people who have a healthy life and without an apparent genetic predisposition [16].

In accordance with European Society of Cardiology Guidelines on Cardiovascular Disease 
Prevention (2007), the population should follow the next formula: 0 3 140 5 3 0, which suggest 
crucial measurements in keeping the cardiovascular health: without smoking (0), walking 3 
km per day or 30 min of moderate activity (3), systolic pressure less than 140 mmHg (140), 
total cholesterol under 5 mmol/L (5), LDLcholesterol under 3 mmol/L (3), eviction of obesity 
and diabetes (0) [84]. Actual guides recommend performing moderate physical activity mini-
mum 30 min per day five times a week [85].

Epidemiologic data show that there are some hemostatic, thrombolytic and inflammation mark-
ers that are potential predictors of the risk for major atherosclerotic events, including myocar-
dial infarction and stroke. These markers are related to fibrinolysis (e.g.: PAI 1—plasminogen 
activator inhibitor 1) or inflammation (CRP—Creactive protein). PAI1 plays an important role 
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in cardiovascular diseases, mostly by inhibiting tPAC (tissue plasminogen activator) [16, 86]. 
Inflammation biomarkers, especially CRP and lipoproteinassociated A2 phospholipase, are 
considered not only as potential risk predictors for stroke but also as prognostic factors [87]. 
CRP is considered to be a new proatherogenic inflammatory adipocytokine. CRP is an acute 
phase reactant, being synthesized mostly by the liver and regulated by circulating levels of IL6, 
IL1 and TNFα. Recent studies demonstrated that high sensitive CRP is not only an atheroscle-
rotic inflammatory marker but also a disease progression mediator, contributing to the forma-
tion and progression of the atheromatous plaque by promoting inflammation, thrombogenesis 
and modulatory endothelial function [88]. CRP induces the expression of adhesion molecule, 
selectins and MCP1 in endothelial cellular cultures, by increasing secretion of ET1 and IL6, and 
also stimulating angiotensin II action over receptors. By inhibiting NO endothelial secretions, 
CRP diminishes basal production and stimulated production of endothelial NO. CRP effect 
is potentiated by hyperglycemia and diminished by thiazolidinedione, an insulin sensitizer 
agent. CRP may also amplify proinflammatory activity of other adipokines, for example, PAI1 
intervention in the suppression of fibrinolysis and thrombogenesis by the inhibition of the 
activated plasminogen [89]. Increased plasmatic levels of PAI-1 are directly correlated with the 
cardiovascular risk and type 2 diabetes development. Even if platelets and endothelial cells 
represent a major source of PAI-1, in men, adipose tissue produces, also, PAI-1. Increased plas-
matic levels of PAI1 are found in obese patients and decrease with lowering weight [90].

Latest advances confirmed the role of LpPLA2 in advanced coronary disease evolution, being 
an important linking factor between lipid homeostasis and vascular inflammatory response. 
Selective inhibition of Lp-PLA2 reduces the development of the inner core atheroma and leads 
to plaque stabilization [91]. A lipoprotein is a lipid fraction that looks like an independent risk 
factor for atherosclerosis. It represents a modified LDLcholesterol that has a characteristic 
protein fragment covalent linked to apo B and named apo(a), with an polymorphism and 
a structural analogy with the plasmatic plasminogen. Also, it has a complex prothrombotic 
action. Thus, Lp(a) seems to make the connection between atherosclerosis and thrombosis, the 
two processes being tightly related in atherosclerosis evolution [16, 92].

Serum amyloid A is an acute phase reactant, like CRP, that has been associated with systemic 
inflammation, related to the atherosclerosis process and used as a predictor for coronary dis-
ease and for cardiovascular prognosis. Levels of serum amyloid A are significantly correlated 
to insulin resistance and obesity in type 2 diabetes patients. Adipose tissue maintains amyloid  
at low levels in normal conditions, but an excess of it seems to stimulate this reactant. Serum 
amyloid A replaces apolipoprotein 1 from HDLcholesterol, increasing the macrophage bond 
HDL and decreasing the cardioprotective HDL [81].

TNFα is an inflammatory cytokine, which is released in high levels by obese patients and 
those with an increased insulin resistance, and contributes to the initiation and develop-
ment of the atherosclerotic lesions. TNFα activates the NFκB nuclear factor transcription 
that accelerates the experimental atherosclerosis, partly by inducing the adhesion molecular 
expression, MCP-1 and E-selectin, in vascular smooth muscle cells and aortic endothelium. 
TNFα reduces the bioavailability of nitric oxide in endothelial cells and modifies the endo-
thelialdependent vasodilatation, promoting its dysfunction; in addition of these effects, it 
might also induce apoptosis in endothelial cells [81].
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Epidemiological research showed an obviously different frequency of atherosclerosis 
between geographic regions. The explanations are related to physicochemical properties of 
the drinking water and the meteorological factors. Oligoelements as calcium, magnesium, 
manganese, lithium, zinc, chrome and fluorine have proven antiatherogenic properties. It is 
known that the chronic absence of some oligoelements from the drinking water, with a con-
secutive decrease of its hardness is accompanied by an increase of the cardiovascular disease 
frequency. The opposite is the plumb excess and mostly the cadmium excess, which charac-
terizes the soft water. Meteorological factors do not seem to be implied in the mechanism of 
the disease development. However, they represent important indicators of a major coronary 
accident occurrence, on an atherosclerotic fond [93].

Socioeconomical factors also increase the atherogen risk among the population: overstrain in 
the work place, physical and intellectual overexertion, sudden and frequent changes in the way 
of life and work, commuting, increased professional and familial responsibilities, conflictual 
states (familial, professional), social unintegration, irrational use of food, sedentary state, 
alcohol and excessive smoking. These situations are usually accompanied by an increased 
level of catecholamines, plasmatic lipids and blood pressure, which involves an intensified 
aggression over heart vessels [94].

An efficient therapeutic strategy presumes not only obtaining regression or retreat of existing 
atheroma but also modulating vascular impact in the beginning. It is important to mention the 
fact that atherosclerosis is one of the most frequent vascular disease in developed countries.

It is well known that the negative effect of high blood pressure over atherosclerosis needs a 
critical level of circulating lipoproteins [95]. However, antihypertensive treatment effects on 
atherosclerotic fond are not sufficiently known. Decoding the complex cellular and molecular 
mechanisms of atherogenesis process might certainly influence the therapeutic choice. Even 
if it has been tried on numerous ways to reduce LDLcholesterol, there are a whole series of 
cardiovascular disease that cannot be efficiently treated. Starting from some medication that 
is centered over HDL, this promotes some certain antiatherogenic effects: antioxidative, anti
inflammatory, antithrombosis and endothelial stabilization [96].

Considering atherosclerosis as a disease with inflammatory substrate, in the acute phase HDL 
(that normally is antiinflammatory) may become proinflammatory. Reactive species of oxy-
gen generate an enzymatic system that can modify phospholipids and sterols by oxidation, 
reducing the HDLcholesterol protection capacity against the unwanted oxidative changes at 
the molecular level [97].

Some experimental studies suggest that the use of mimetic peptides, such as apolipoprotein 
A-1, is capable of removing the oxidative products from lipoproteins and cellular membranes, 
giving back the normal structure and function of HDLcholesterol [98]. In order to correct the 
HDL value, we currently use two classes of compounds: fibric acid derivatives and niacin 
derivatives. Dyslipidemia is considered as one of the main atherosclerotic risk factors and 
represents one of the atherogenic therapeutic targets [99].

Modern studies posit the therapy with cardiovascular cells (by exogenous ingestion or by 
an endogenous cellular mobilization) as effective in preventing and treating atherosclerotic 
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lesions. Using bone marrow cells or autolog skeletal myoblasts in the beginning, it could be 
observed the fact that cardiac regeneration is produced through a variable repopulation accom-
panied by adjacent revascularization. Nowadays, the mesenchymal stem cells have largescale 
utilization because of the immunosuppressant capacity and the ability to locate in the damaged 
tissue areas. The ability of stem cells to form myocardial cells has been studied both in vivo 
and in vitro research [100, 101]. Cardiomyoplasty is already used as a regeneration method of 
the damaged myocardium, using different cellular types [102]. This myocardial reconstructive 
technique, which is under a clinical evaluation and a rigorous immunological monitorization, 
could change the approach of cardiovascular disease therapy in the near future.
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Abstract

Many international and national authorities recommend that cardiovascular risk assess-
ment using multivariate risk scores be used to identify individuals at high risk of cardio-
vascular disease (CVD). This approach is likely to assure that resources in developing 
countries are allocated to those who need it most. However, not many developing coun-
tries have implemented this approach and different countries have varying progresses in 
adopting the concept. While many developing countries solely described estimated car-
diovascular risk by applying existing CVD risk scores to their population’s cross-sectional 
data, a number of countries have validated and recalibrated existing risk scores and only 
a few have developed new risk scores specific to their populations. To enhance the adop-
tion of such a policy in developing countries, new CVD risk prediction charts for low- and 
medium-resource settings were developed and endorsed by the WHO and International 
Society of Hypertension. However, a number of issues need to be addressed, includ-
ing development of population-specific risk scores, recalibration of available risk scores 
and uncertainty over cost-effectiveness of CVD risk assessment in developing countries. 
Although this high risk approach might represent an effective and practical strategy for 
developing countries, a complementary population-based approach is also needed to 
maximize benefits for CVD prevention.

Keywords: cardiovascular disease, risk assessment, prediction, primary prevention, 
developing countries

1. Introduction

Quantitative assessment of cardiovascular risk has become part of strategies for prevention 
of cardiovascular disease (CVD) in many countries [1, 2]. Many international and national 
authorities have recommended that cardiovascular risk assessment using multivariate risk 
scores be used to identify individuals at high risk of cardiovascular disease, to whom pre-
ventive interventions can be targeted [3–6]. This high-risk approach has been advocated and 
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 routinely used in many developed countries [7, 8]. However, it has not been frequently used 
in developing countries. This chapter summarizes evidence on cardiovascular risk assess-
ment in developing countries by (i) describing the overall rationale for using cardiovascular 
risk scores; (ii) systematically reviewing the literature on cardiovascular risk scores that have 
been developed, validated and/or practically used in developing countries; (iii) exploring 
issues surrounding the utility of the cardiovascular risk scores in these countries; and (iv) 
limitations and implications for alternative approaches.

2. Concept and rationale for cardiovascular risk assessment

Observational studies have shown a positive continuous association between traditional 
cardiovascular risk factors and CVD risk [9–11]. For example, results from the Prospective 
Studies Collaboration, a meta-analysis of almost 900,000 healthy men and women in 61 pro-
spective observational studies, show a linear, continuous relationship between serum total 
cholesterol and the risk of death from ischemic heart disease. Similar associations were also 
held true for each of other traditional risk factors such as blood sugar [10] and blood pres-
sure [11]. This underlines the importance of efforts to address each individual risk factor for 
prevention of cardiovascular disease.

However, there is evidence that clustering of risk factors confers higher levels of CVD risk 
than each individual risk factor. Evidence from observational prospective studies suggests 
that a small effect of an individual risk factor on CVD risk could be magnified in the presence 
of other risk factors [10, 12, 13]. In other words, an individual with mildly abnormal levels of 
several risk factors often has a greater absolute CVD risk than someone with a raised level of 
one risk factor. For example, data from the EPIC-Norfolk cohort revealed that CVD risk could 
vary up to 30-fold in people with the same levels of traditional CVD risk factors, such as cho-
lesterol and blood pressure, but different abnormalities in other risk factors [10] (Figure 1). 

Figure 1. Absolute rates of cardiovascular events over 10 years in individuals with different levels of CVD risk factors in 
EPIC-Norfolk [10] (n = 10,144), Reference group: non-smoking women aged ≤ 55 years with a SBP of ≤ 140 mm Hg and 
an HbA1c ≤ 6.0%, *p < 0.001, Reproduced with approval from Diabetologia.
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The combined effect of risk factors on absolute risk of CVD underlines the importance of 
using multivariate risk prediction tools.

Randomized controlled trials have confirmed that treatment with lipid-lowering medica-
tion reduces the risk of ischemic heart disease and stroke, regardless of pre-treatment blood 
cholesterol levels or other characteristics of the study participants. Overall, there was a 19% 
reduction in coronary mortality for each 1 mmol/L reduction of low density lipoprotein (LDL) 
cholesterol [14]. Similarly, trial evidence suggests that blood pressure-lowering drugs reduce 
the risk of developing CVD events with comparable relative risk reductions at different 
pre-treatment levels of blood pressure [15]. This suggests that substantial benefits could be 
achieved from modifying these risk factors at any starting level in individuals whose absolute 
CVD risk is high for whatever aetiological reason. The concept of treating individuals with 
a disease diagnosed by a threshold of one single risk factor, e.g. diabetes, hypertension or 
hypercholesterolemia, has thus been challenged [12, 16].

Key question is how we can identify those at high CVD risk, which preventive interven-
tions could be targeted. Compelling evidence points out that absolute risk assessment, 
based on the combined effect of multiple risk factors, is likely to be an approach of choice. 
Compared with multifactorial CVD risk assessment, major CVD risk factors such as blood 
pressure or blood lipid levels are, individually, poorer predictors of future CVD risk and 
of the benefits of treatment in individuals with and without existing CVD [1, 10, 16]. In 
addition, primary prevention informed by multifactorial CVD risk assessment is likely to 
prevent a similar number of cardiovascular events at a possibly lower cost than a single-
factor approach [17].

There are a number of reasons why it may be important to quantify the risk of developing car-
diovascular disease (Table 1). The clear rationale for the development of a risk score is critical 
to how its validity is assessed and how it is used.

First, risk scores may be used to rank individuals and groups according to their absolute 
cardiovascular risk so that preventive interventions for those at greatest risk could be tar-
geted [1, 7]. Concerning this purpose, it is the ranking that is important and not necessarily 
the absolute risk estimates. The ranking of absolute CVD risk is clearly essential for making 
collective decisions about treatment and preventive interventions in the population. This is 
rather important for the government/public health professionals, whose decision-making will 
be done based on such information alongside careful consideration on costs incurred and pos-
sible harms from screening and subsequent preventive interventions.

Additionally, risk assessment is also used as a tool to provide prognostic information or esti-
mation of the possible absolute benefits from therapeutic/preventive interventions. In this 
case, accurate estimation of the absolute risk is crucial. An estimate of absolute CVD risk 
can inform the potential for absolute risk reduction, which provides patients with an idea of 
expected benefit from a therapy or intervention. This is more relevant to individual, rather 
than collective, decision-making. However, further research is needed to understand the pro-
cess by which the clinician and patient interact once cardiovascular risk has been assessed. 
Providing CVD risk estimates to doctors and patients may improve perceived CVD risk and 
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medical prescribing particularly in high-risk groups [18]; however, there is no strong evi-
dence that a CVD risk assessment performed by a clinician helps to improve CVD-related 
health outcomes [8].

Finally, the principle justification for calculating cardiovascular risk as part of a preventive 
strategy is to motivate individuals to adhere to favourable behaviour modification and medi-
cal treatments. Apparently, two unchangeable risk factors, age and sex, contribute most to 
the predictive value of a CVD risk score. However, it may be difficult to persuade patients to 
change their behaviour using CVD risk scores that are mostly driven by risk factors that they 
cannot change. Risk scores which incorporate modifiable risk factors may be more useful for 
preventive strategies. That is, it may be important to use risk scores comprised of modifiable 
risk factors rather than using a score dominated by fixed parameters [7]. This approach is of 
particular interest as lifestyle risk factors, such as inadequate physical activity, poor dietary 
habits and adiposity, have been reported to deteriorate blood pressure, serum cholesterol and 
glucose-insulin homeostasis and also associated with novel cardiovascular risk factors such 
as endothelial function and inflammatory markers[19].

3. Development and utility of CVD risk scores in developing countries

Although cardiovascular risk assessment is recommended by many authorities, it has not 
been widely and routinely implemented in developing countries. This may be explained by 
a number of reasons. First, a small number of existing risk scores were originally developed 
in developing countries. Most CVD risk scores were derived from European descent popula-
tions in developed countries, whose background CVD risk may be significantly different from 
that in developing countries. For example, CVD risk scores developed in a relatively high-risk 

Rationale Examples of utility of cardiovascular risk assessment in practice

Risk stratification To rank individuals according to CVD risk and identify those at high risk for preventive 
interventions

The Government makes decision if providing preventive intervention to a certain proportion 
of the population is affordable and acceptable.

Prognostication To provide prognostic information to an individual, e.g. an individual is informed about how 
likely he/she will develop cardiovascular disease in the next 10 years

To provide possible absolute benefits from therapeutic/preventive interventions, e.g. a doctor 
can discuss with his/her patients about to what extent that their CVD risk will reduce if they 
adhere to treatment and achieve certain therapeutic goals

Primary prevention To motivate an individual to modify health behaviours or adhere to treatment, i.e. when a 
patient know smoking and high cholesterol contributes much to increased CVD risk, he/she 
may be more encouraged to stop smoking, adopt healthy diet or regularly take statins

Monitoring CVD risk over time, e.g. information on favourable changes in absolute CVD risk 
after an individual has adopted a healthy lifestyle will help enhance adherence to such a lifestyle.

Table 1. Overall rationale for cardiovascular risk assessment.
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population, such as Framingham risk equations, will overestimate the absolute risk when 
applied to a novel population with a lower background CVD risk [20]. This phenomenon 
emphasizes that recalibration should be done before using such a risk score in a new popu-
lation. However, a few developing countries have carried out recalibration of available risk 
scores partly because a small number of prospective cohorts are available in these countries 
and populations. Further, there is still debate over the cost-effectiveness of implementation of 
such an approach in developing countries. This may have affected policy decision concerning 
cardiovascular risk assessment in these resource-constrained countries.

A different approach was taken to overcome problems regarding the validity of using avail-
able risk scores in a novel population in developing countries. Using epidemiologic survey 
data from the Comparative Risk Assessment Project and the Asia Pacific Cohort Studies 
Collaboration, the WHO and International Society of Hypertension (ISH) developed CVD 
risk prediction charts specific to low- and medium-resource countries in 14 different WHO 
sub-regions, based on age, sex, systolic blood pressure, presence of type 2 diabetes mellitus, 
smoking status and total serum cholesterol levels (Figure 2) [21, 22]. They also developed 
a non-laboratory-based version of the risk prediction charts, which can be used in settings 
where measurement of blood cholesterol is not feasible.

Developing countries have different progresses in adopting the concept of cardiovascular 
risk assessment (Table 2). Some developing countries have only applied existing risk scores, 
namely Framingham risk equations, SCORE and WHO/ISH CVD risk prediction charts, 

Figure 2. WHO/ISH risk prediction chart for Africa Sub-region D, 10-year risk of a fatal or non-fatal cardiovascular 
event by gender, age, systolic blood pressure, total blood cholesterol and smoking status in people without diabetes, 
Reproduced with approval from the WHO  [22].
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to cross-sectional risk factor data to obtain estimated CVD risk and describe the burden of 
high absolute CVD risk in the population. For example, low prevalences of high CVD risk 
according to the WHO/ISH CVD risk prediction charts were observed in many developing 
countries such as Saudi Arabia, Nigeria, Iran, Pakistan, Nepal, Sri Lanka and Cambodia, with 
lower than 10% of the populations being considered high CVD risk [21, 23].

Other countries carried out a validation study to see if the existing risk scores performed well 
in predicting cardiovascular events in its population and further recalibrated the risk scores 
[24–26]. For example, the office-based Framingham risk equations were recalibrated in 46,674 
participants in the Golestan Cohort in North-East of Iran and the authors found that the risk 
score performed reasonably well in predicting CVD mortality (aROC of 0.76–0.79) and over-
estimated CVD risk in men [25]. The SCORE was validated against CVD mortality in Central 
and Eastern Europe and former Soviet Union countries, using prospective data from the 
WHO MONICA project and HAPIEE study. In the MONICA cohort, the SCORE showed only 
moderate discriminatory ability (aROC of 0.54–0.69) and good calibration in Czech Republic, 
Poland and Lithuania, but overestimation of fatal CVD in Russia [26].

A few developing countries have derived new CVD risk scores specific to their populations; 
these include China, Thailand and Malaysia. Using data on 9903 men and women participat-
ing in the USA-PRC Collaborative Study of Cardiovascular Epidemiology Cohort, a new CVD 
risk score was developed based on age, systolic blood pressure, serum total cholesterol, body 
mass index, current smoking status and diabetes mellitus [27]. The risk score was validated 
in another large Chinese cohort with good predictive ability. In Thailand, CHD risk score 
was developed using data from a cohort of workers of the Electric Generating Authority of 
Thailand, [28] and this multivariate risk score has been endorsed to use in patients with and 
without diabetes, and a simpler approach using presence or absence of CVD risk factors is 
recommended for population screening. Based on cost-effectiveness evidence, cardiovascu-
lar risk assessment using multivariate risk scores has recently been endorsed as part of the 
Universal Health Coverage Benefit Package [29]. However, there is no clear evidence about to 
what extent this approach has been adopted in clinical practice.

4. Issues surrounding the utility of CVD risk scores

Cardiovascular risk scores have been widely used in Western countries for almost 20 years 
and were introduced at a time when the cost of cholesterol-lowering drugs was an important 

Describing estimated CVD risk and 
the burden of high CVD risk in its 
population

Validation and recalibration of 
existing risk scores in its population

Developing a new CVD risk score 
specific to its population

Saudi Arabia, Mozambique, Jamaica, 
Pakistan, Sri Lanka Nepal, Mongolia, 
Cambodia

Greece, Iran, Czech Republic, Poland, 
Lithuania, Russia

China, Thailand, Malaysia

Table 2. Examples of developing countries that have adopted concept of cardiovascular risk assessment.
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political issue. International and national recommendations have specified cardiovascular 
risk thresholds that are considered justification for prescribing therapy. As these figures were 
based largely on the proportion of the population requiring treatment and the total cost of 
treatment, it is therefore uncertain if all health systems, particularly in developing countries, 
can afford such a policy.

4.1. Laboratory‐ versus non‐laboratory‐based CVD risk assessment

While most CVD risk assessment tools were based on a set of cardiovascular risk factors 
including laboratory factors such as cholesterol, a number of risk scores including simple or 
routinely available risk factors may be more relevant and applicable to developing countries, 
where laboratory testing is unavailable. Of note, it has been demonstrated in many stud-
ies that laboratory- and non-laboratory-based CVD risk assessments are similarly effective 
at predicting future cardiovascular disease [30–32]. A modelling study based on data from 
the EPIC-Norfolk cohort and published evidence on effectiveness of key preventive inter-
ventions clearly suggests that inviting individuals at high risk identified using routine data 
for a vascular risk assessment could prevent a similar number of new cardiovascular events 
with potential cost-saving, compared to inviting all individuals for laboratory-based CVD 
risk assessment [33]. Cost-effectiveness analyses confirm that single-stage or multi-stage non-
laboratory-based CVD risk assessment had a more attractive cost-effectiveness ratio or ICER 
than a laboratory-based Framingham risk-based approach, as reflected by lower estimated 
costs and higher QALYs [34].

4.2. Are population‐specific risk scores needed?

The most commonly used cardiovascular risk score was originally developed in 5,573 men 
and women participating in the Framingham study in the early 1970s, which generally per-
forms well in North America, but have reportedly performed less well in other populations. 
An alternative to attempting to find a universal risk score that will work in all populations 
may be to develop or recalibrate population-specific risk assessment tools.

Is it worth developing a new risk score which best suits with a new population or trying to 
improve the ability of the existing risk score to predict future disease events by including 
novel risk factors? The answer is likely to be ‘No’ for developing countries. Developing a new 
CVD risk score for developing countries or recalibrating existing risk scores in these countries 
may not be practical as it requires a prospective cohort to develop and validate the risk equa-
tions. A lack of prospective cohorts in developing countries will also limit the opportunities 
to recalibrate the existing risk scores in these countries/populations. Furthermore, including 
novel risk factors, such as biomarkers or genetic information, to a risk score with traditional 
CVD risk factors adds little to the predictive ability at disproportionately considerable costs 
[35, 36]. This may be too expensive for clinical practice in both developed and developing 
countries. Furthermore, there is rarely evidence that reductions in any of these novel markers 
will lower cardiovascular risk [37]. Therefore, rather than attempting to develop a new risk 
assessment tool, it may be more beneficial to make sure that existing risk assessment tools are 
used more broadly and routinely throughout clinical practice.
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However, there remains a paradox of practice concerning CVD risk assessment in develop-
ing countries. While a population specific CVD risk score may be needed, a lack of prospec-
tive cohorts in developing countries prevent them from recalibrating available risk scores 
or developing a new one. While emphasis should be put on using existing risk scores more 
broadly and routinely, these risk scores seem to perform poorly in the developing countries 
and may lead to misclassification of individuals who do and do not require treatments.

4.3. Is universal CVD risk assessment in developing countries cost‐effective?

As screening for high-risk individuals using CVD risk scores always comes with costs related 
to screening itself and subsequent preventive interventions, whether it is cost-effective in set-
tings of resource-scarce countries is an important concern. With limited resources, it might be 
sensible to focus preventive efforts on those who will benefit most. Furthermore, the ratio of 
costs to benefits will be more favourable in individuals where the benefits are larger and this 
approach usually leads to manageable numbers of individuals.

CVD risk stratification will enable the government to use resources in a highly efficient 
way. Different thresholds for starting intensive preventive interventions may be applied to 
countries with different resources. For example, the WHO recommends that a 10-year CVD 
risk threshold of 30–40% may be used in medium- and low-resource countries [38]. When 
applying a WHO-ISH CVD risk prediction charts to randomly selected individuals from 
a number of developing countries such as Nigeria, Iran, China, Pakistan, Georgia, Nepal, 
Cuba and Sri Lanka, adopting WHO recommended 30% CVD risk threshold would help 
reduce healthcare expenditure by avoiding unnecessary drug treatment and thus reducing 
drug costs [21]. As equipment and facilities for CVD risk screening in developing coun-
tries may be limited, the WHO and International Society of Hypertension in 2002 proposed 
a simple approach to cardiovascular risk stratification based on history, blood pressure 
measurement and selective urine analysis for those with systolic/diastolic blood pressure 
of ≥140/90 mmHg [39]. Also, the WHO proposed different scenarios of CVD risk manage-
ment which may be suitable to set with different diagnostic and therapeutic facilities and 
resources (Table 3).

However, it remains uncertain if universal CVD risk screening is cost-effective for resource-
constrained settings in developing countries. In Thailand, cardiovascular risk assessment 
using a population-specific risk score is recommended for men and women aged 35 years and 
above at five-year intervals. The corresponding budget impact analysis shows that such an 
approach was financially feasible for the Thai setting, with the incremental cost-effectiveness  
ratio below the country’s ceiling threshold of USD 4530/QALY [29]. In the contrary, a model-
ling study in Malaysian population suggests that universal screening would result in screen-
ing an additional 7169 individuals, with an incremental cost of USD 115,033 for detection 
of one additional high-risk individual in comparison to targeted screening of those aged 35 
years and above [40]. Further, incremental cost and impact of detection of high-risk indi-
viduals would be higher for women than men for both universal screening and screening 
specific age groups. The authors suggested that targeted gender- and age-specific screening 
strategies would ensure more optimal use of limited resources compared to the country’s 
policy recommendations of universal screening [40].
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4.4. Preventive interventions following CVD risk assessment

There are challenges concerning preventive interventions following CVD risk assessment. 
Different preventive interventions, ranging from lifestyle modification to medication, are 
recommended for individuals or groups with different levels of absolute CVD risk. For 
example, healthy diet, adequate physical activity and weight control should be encouraged 
in all individuals, and monitoring of CVD risk profiles every 3-6 months, nicotine replace-
ment therapy, giving statins in those with an absolute 10-year risk of ≥20%, and prescrib-
ing antiplatelet drugs in those with a 10-year risk of ≥30% [41]. However, there remains 
unclear whether such differential interventions can be implemented in developing coun-
tries, where basic infrastructure and resources for preventive interventions in primary care 
may be lacking.

5. Limitations and implications for alternative approaches

Although identifying individuals or groups at high risk using multivariate CVD risk scores 
is beneficial, the ‘population-based’ strategy, which aims at reducing risk in the entire 
population, regardless of each individual’s level of risk and potential benefits, may also 
be needed. Ability of CVD risk scores to identify individuals at high risk is a key to effec-
tive high-risk strategies. It may be more effective to concentrate our efforts and resources 
where the need, and therefore the benefit, is likely to be greatest. Interventions are also 

Resource availability Scenario 1 Scenario 2 Scenario 3

Human resource Non-physician health 
workers

Medical doctor or specially 
trained nurse

Medical doctor with access to full 
specialist care

Equipment Stethoscope, blood 
pressure measurement 
device, measuring tape or 
weighing scale

Stethoscope, blood 
pressure measurement 
device, tape and weighing 
scale, test tubes, holder, 
burner, solution or test 
strips for checking urine 
glucose and albumin

Stethoscope, blood 
pressure measurement 
device, tape and weighing 
scale, electrocardiograph, 
ophthalmoscope, urine analysis, 
blood analysis: fasting blood 
sugar, electrolytes, creatinine, 
cholesterol and lipoproteins

Optional: test tubes, holder, 
burner, solution or test strips 
for checking urine glucose

Generic drugs Essential: thiazide diuretics Thiazide diuretics, Beta 
blockers, Angiotensin 
converting enzyme 
inhibitors, calcium channel 
blockers (sustained release 
formulations) (Reserpine 
and methyldopa if the 
above anti-hypertensives 
are unavailable), Aspirin, 
Metformin (for refill)

Thiazide diuretics, Beta blockers, 
Angiotensin converting enzyme 
inhibitors, calcium channel 
blockers (sustained release 
formulations) (Reserpine and 
methyldopa if the above anti-
hypertensives are unavailable), 
Aspirin, Insulin, Metformin, 
Glibenclamide, Statins (if 
affordable) Angiotensin receptor 
blocker (if affordable)

Optional: metformin (for 
refill)

Table 3. Three scenarios for CVD risk assessment for setting with different resource availability, adapted from WHO 
CVD risk management package for low and medium resource settings [38].
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matched well with the needs of individuals, probably resulting in better motivation and 
compliance to medications or behaviour change [42]. However, the benefits of the high-
risk approach are limited to a minority of the population. Further, a high-risk strategy 
demands that individuals change eating, smoking and physical activity habits that may 
be largely shaped and constrained by social norms (e.g. to eat differently from family and 
friends), and may thus be seen as ‘behaviourally inappropriate’. As this approach does 
not seek to address the underlying causes of health problems in the population, it is only 
palliative and temporary [43]. The high-risk approach was described by Geoffrey Rose as 
‘no more than an expensive rescue operation, offering disappointingly little towards solv-
ing the overall problem’, so it cannot be the sole means for prevention of cardiovascular 
disease [42].

Given compelling evidence that more cases of cardiovascular disease arise from a larger num-
ber of people at low risk than the smaller number of people at high risk, it might be more 
beneficial to shift the whole distribution of risk factors, such as body mass index, cholesterol 
or blood glucose, in the population in a favourable direction (population-based strategy). This 
phenomenon is commonly observed for diseases where the association of the disease with 
risk factors is linear or curvilinear, while the population distribution of these risk factors is 
approximately normal. For example, Emberson et al. demonstrated that small reductions in 
the population distribution of cardiovascular risk factors (total cholesterol and systolic blood 
pressure) might prevent similar or more CVD events than a strategy focusing preventive 
efforts on those at highest risk [44]. Therefore, in addition to a high-risk approach, there may 
be an important role for a ‘population-based approach’ to shift the population distribution of 
CVD risk factors.

In practice, balanced implementation of the high-risk and population-based approaches for 
CVD prevention is likely to be necessary [2]. Within resource-constrained health service sys-
tems in developing countries, the high-risk preventive strategies, which focus efforts on those 
at highest risk, may be seen as a feasible and cost-effective means of prevention. However, 
complementary population-based preventive strategies are also needed to address the cause 
of the disease incidence in the population.

In conclusion, CVD risk stratification in developing countries will assure that limited resource 
be allocated to individuals or groups who need it most. In developing countries, the clear 
rationale for cardiovascular risk assessment is crucial. The main rationale for cardiovascular 
risk assessment includes ranking individuals according to absolute cardiovascular risk for 
the purpose of targeting therapy to those at greatest risk, providing prognostic information 
or accurate estimation of the likely benefits from preventive/therapeutic interventions, and 
motivating individuals to change their behaviours and adhere to treatments. As not many 
developing countries have adopted this approach, a number of issues need to be addressed, 
including development of population-specific risk scores, recalibration of available risk scores 
and uncertainty over cost-effectiveness of CVD risk assessment in developing countries. 
Although this high-risk approach appears to be effective and practical for developing coun-
tries, a complementary population-based approach is needed to maximize benefits for CVD 
prevention.
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Abstract

Cardiovascular disease (CVD) and type 2 diabetes (T2DM) are rapidly rising around 
the globe. Empirical researches demonstrated rapid increase in mortality and morbid-
ity related to CVD and T2DM. Much of the diabetes-associated morbidity and mortal-
ity predominantly reflects its deleterious effect on macrovascular and microvascular 
diseases. The microvascular complications of T2DM include retinopathy, neuropathy 
and nephropathy and the macrovascular complications include ischemic heart disease, 
cerebrovascular disease and peripheral vascular diseases. Research indicates that coro-
nary heart disease (CHD) is the major cause of mortality in people with T2DM. Herein, 
this chapter reviews relationship between CVD and T2DM, associated complications and 
effectiveness of relevant treatment modalities to treat/prevent diabetic macrovasculop-
thy. Macrovascular disease occur due to underlying obstructive atherosclerotic changes 
of major arteries which cause functional and structural abnormalities of blood vessels. 
The long-term complications can be controlled and prevented by controlling glycemia, 
maintaining normal lipid profiles, adopting a healthy lifestyle and using pharmacologi-
cal interventions. Clinical trials have shown that lifestyle interventions help in preven-
tion and reduction of CVD risk, but evidence for long-term CVD outcomes is lacking. A 
multidisciplinary approach involving patients, health professionals and researchers and 
governments should be undertaken to reduce the incidence and prevalence of diabetes-
related cardiovascular complications.

Keywords: cardiovascular diseases, type 2 diabetes, vasculopathy, macrovascular 
diseases, atherosclerosis, pathophysiology, pathogenesis
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1. Introduction

Cardiovascular disease (CVD) is the major cause of morbidity and mortality in people with type 
2 diabetes (T2DM) [1, 2], and coronary heart disease (CHD) is the most common cause of death 
among people with T2DM. It is estimated that up to 80% of the 200 million people suffering 
with T2DM globally die of CVD every year [3, 4]. In recent years, the pandemic of T2DM has 
emerged as a major and growing health problem. The cardiovascular (CV) complications asso-
ciated with T2DM cause a considerable amount of disability, premature mortality, loss of pro-
ductivity and tremendously increase burden on health care systems and economies worldwide 
[5–7]. Among the major complications, the development of CVD is two to four times higher 
in people with T2DM as compared with people without the condition [8, 9]. Thus, CVD and 
T2DM have become inseparable which need to be addressed by the global health initiatives.

T2DM acts as an independent risk factor for several forms of CVD (micro- and macrovascular 
diseases), and people with T2DM are more likely to develop CVD due to a variety of risk fac-
tors [10]. Preclinical manifestations of macrovascular diseases are developed much earlier in 
newly diagnosed, never-treated T2DM patients [11], and such macrovascular changes are also 
observed even in normoglycemic and normotensive offspring of parents with T2DM [12, 13]. 
Furthermore, early manifestations of preclinical vasculopathy and development of macrovas-
cular disease were potentially found to be at increased risk with impaired glucose tolerance 
(IGT) [13]. The CV complications of T2DM have a significant impact on individuals, families, 
health systems, and economic development worldwide [14]. According to the International 
Federation of Diabetes, $673 billion was spent on diabetes in 2015 which is 12% of global 
health expenditure [15]. It is imperative to control the initiators of vasculopathy that ultimately 
develop into long-term CV complications by adopting a healthy lifestyle and using pharmaco-
logical interventions. This chapter reviews relationship between CVD and T2DM, associated 
complications and relevant treatment modalities to treat/prevent diabetic macrovasculopthy.

2. Cardiovascular disease risk in diabetes

CVD are the number one cause of death globally – more people die annually from CVD than 
from any other cause. Individuals at risk of CVD may demonstrate hypertension, hypergly-
cemia, and hyperlipidemia as well as overweight and obesity. According to World Health 
Organization [16]:

• Approximately 17.5 million people died worldwide from CVDs in 2012, representing 31% 
of all deaths.

• Of all CVD deaths, an estimated 7.4 million were due to CHD and 6.7 million were due to 
stroke.

• An estimated 75% of CVD deaths take place in low- and middle-income countries.

• Of the 16 million deaths (≤70 years of age) as a result of non-communicable diseases 37% 
are caused by CVDs.
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The main contributing factor in the increasing prevalence of CVD deaths is the increase in the 
cases of diabetes at very alarming rate, in particular, due to increasing prevalence of obesity, 
lifestyle choices, urbanization, aging, and genetic factors [17]. According to the International 
Diabetic Federation [15]:

• In 2015, 415 million people had diabetes, and in 2040, 642 million people will develop dia-
betes worldwide.

• At present, 3/4 of people with diabetes live in low and middle income countries.

• In 2015, 1 in 11 adults had diabetes, and in 2040, 1 in 10 adults will have diabetes.

• One in two adults with diabetes remains undiagnosed.

• Every 6 s 1 person dies from diabetes.

• Five million deaths occurred in 2015 as a result of diabetes.

3. Diabetes and macrovasculopthy: double trouble!

The alterations in vascular homeostasis that include anatomic, structural, and functional 
changes in blood vessels lead to multi-organ dysfunction and increase CV risk burden [18]. 
Diabetic microvascular and macrovascular complications have similar pathogenetic mecha-
nisms and characteristics. The microvascular complications include retinopathy, neuropathy 
and nephropathy and the macrovascular complications include ischemic heart disease, cere-
brovascular disease and peripheral vascular diseases [19–21].

The relationship between diabetes and CVD is complex and multifactorial [22]. Studies dem-
onstrated the following macrovascular complications in T2DM patients:

• In diabetic men, CV mortality increased three-fold [23, 24] and in diabetic women, two to 
fivefold [25, 26].

• Patients with diabetes who develop clinical CVD have higher mortality than those CVD 
patients with no diabetes [26, 27].

• T2DM is considered to be one of the six major controllable risk factors for CVD [28].

• T2DM and IGT are related to increased risk of CV problems [28].

• People with T2DM also have high rates of hypertension, lipid abnormality, and obesity, 
which contribute to their high rates of CVD [28].

• T2DM is associated with increased risks of stroke, myocardial infarction, hypertension and 
intermittent claudication [29–31].

• Approximately 7% of people with T2DM have had a stroke at time of diagnosis and, in-
deed, stroke is the second major cause of death in T2DM [31].

• Risk of fatal stroke is increased 2–3-fold compared with non-diabetics [29], accounting for 
15% of all deaths in T2DM [32].
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• It was also demonstrated that 18% of diabetic patients have evidence of coronary heart 
disease at diagnosis, and the risk of a fatal myocardial infarction is increased 2–4 times in 
people with T2DM [29].

• Fatal cardiovascular events were 70 times more common than deaths from microvascular 
complications [33].

• Peripheral vascular disease (PVD) is estimated to be the most costly complication of diabe-
tes in relation to inpatient care.

• PVD greatly increases the risk of intermittent claudication, foot ulcers, gangrene, infection 
and amputation [32].

• Lower extremity amputations are at least 10 times more common in people with diabetes 
than in non-diabetic individuals in developed countries and more than half of all non-
traumatic lower limb amputations are due to T2DM [34].

4. Pathophysiology of diabetic macrovasculopathy

Atherosclerotic vascular disease mainly occurs due to endothelial dysfunction [35, 36], which is 
the failure of the vascular endothelium to subserve its normal role in vasodilatation and/or vas-
cular homeostasis. The physiological impairment that causes diabetic vasculopathy includes 
endothelial dysfunction, platelet hyper-reactivity, smooth muscle cell (SMC) dysfunction, 
impaired fibrinolysis coupled with a tendency for thrombosis and coagulation, and increased 
inflammation [37, 38]. Endothelial dysfunction links each of these pathological manifestations 
to develop macrovasculopathy [39]. The main regulatory function of endothelium stimula-
tion includes vasodilatation; other mechanisms include vasoconstriction, and antiplatelet and 
anticoagulant effects [40]. Endothelial dysfunction lead to morphologic and structural vascular 
changes [41]. Capillary endothelium rapidly disappears [42], intercellular junctions weaken 
causing increased vascular permeability [43], protein synthesis is dysregulated and expression 
of adhesion glycoproteins on endothelial cells is altered [42–45], thereby triggering adherence 
of monocytes and leucocytes and their increased transendothelial migration [43].

The characteristic feature of diabetic complications includes the progression of atherosclerotic 
lesion or alteration of vasculature, which is a major cause of CVD development [46]. It was 
shown that diabetes accelerates these processes by stimulating the atherogenic activity of 
vascular SMC and these considered as the integral part in the development of atherosclerosis 
[35]. The process begins as a response to chronic minimal injury to the endothelium lead-
ing to it being dysfunctional. Fewer vascular SMCs are also found in patients with diabetes 
with advanced atherosclerotic lesions [47]. Diabetes alters vascular smooth muscle function 
in ways that promote atherosclerotic lesion formation, plaque instability and clinical events. 
Platelet aggregation and adhesion are seen in diabetic patients [48–51]. The process involves 
an increase in intrinsic platelet activation and decrease endogenous inhibitors of platelet 
activity [35]. Platelets exhibit enhanced platelet aggregation activity in the early disease state 
that may precede the development of CVD [48–54]. T2DM also brings about some changes in 
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coagulation of blood. A procoagulant state has been shown in people having diabetes [55–57]. 
It was demonstrated that there is an increase in plasminogen activator inhibitor-1 (PAI-1), 
von Willebrand factor (vWF), fibrinogen, factor VII and thrombin–antithrombin complexes in 
macrovascular diseases and poor glycemic control [55–61].

5. Pathogenesis of vasculopathy

It is now well-established that metabolic, humoral and hemodynamic factors contribute to 
the characteristic dysfunction in diabetic vasculopathy. Prolonged hyperglycemia is consid-
ered as a major factor in the pathogenesis of diabetic vasculopathy [62–64]. Hyperglycemia 
together with several other factors accelerates the progression of atherosclerosis. In particu-
lar, hypoglycemia increases oxidative stress [65]; enhances leucocyte–endothelial interaction 
[66], and glycation of protein, lipoproteins, apolipoproteins and clotting factors, which cumu-
latively enhance vasomotor tone, vascular permeability, growth and remodeling [42–45]. 
Moreover, hyperglycemia delays endothelial cell replication, increases cell death [42, 45, 67–
70] and potentially accelerates the atherosclerotic process. Glucose-induced damage occurs 
through advanced glycation, activation of protein kinase C (PKC), and sorbitol accumulation 
[71, 72]. Early glycated products on collagen, intestinal tissues and blood vessels undergo a 
series of chemical rearrangement to form irreversible AGE. AGE product promotes athero-
sclerotic effect by receptor-mediated biological activities e.g. monocyte emigration, release of 
cytokines and growth factors from macrophages and increase in endothelial permeability and 
procoagulant activity [73].

Dysregulation of Lipid metabolism underlies pathogenesis of macrovascular diseases of dia-
betes origin [74]. Diabetic dyslipidemia causes increase in total cholesterol and low-density 
lipoprotein (LDL) and -decrease in high-density lipoprotein (HDL) and high triglyceride lev-
els [74, 75]. LDL and other lipoproteins enter the endothelial cells by vascular transport and 
may get modified by oxidation, glycation, aggregation, association with proteoglycans or 
incorporation to immune-complexes [76–78].

Insulin resistance is a common feature associated with T2DM and development of CVDs. 
Insulin resistance precedes the development of overt T2DM and leads to endothelial dys-
function and increases blood plasma levels of endothelin and vWF [79]. Furthermore, insulin 
resistance may cause increase in arterial blood pressure by triggering several mechanisms, 
such as, activation of sympathetic nervous system, increase in renal sodium retention, altera-
tion in transmembrane cation transport, augmentation of growth-promoting actions of SMCs 
and vascular hyperactivity [80–82].

Increased expression and action of various cytokines and growth factors in T2DM may 
induce macrovascular injury via activation of proliferative cytokines epidermal growth 
factor [83] and platelet-derived growth factor (PDGF) [84]. Metabolic and hemodynamic 
factors interact to stimulate the expression of cytokines and growth factors in the various 
vascular trees, which contribute to the characteristic dysfunction observed in diabetic vas-
culopathy [20].
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Intracellular hyperglycemia has been implicated in the pathogenesis of diabetic complica-
tions through the activation of PKC, an intracellular second messenger system [85, 86]. PKC 
appears to be activated in a range of diabetic tissues including heart and aorta [20]. The beta 
isoform of PKC is involved in abnormalities of endothelial-dependent vasodilatation in dia-
betes by promoting superoxide ions (O2

−) to react with nitric oxide to produce peroxynitrate 
(ONOO−), which damages tissues and activates monocyte macrophages [87]. Diabetic vascu-
lopathy is characterized by early migration of monocytes into the arterial wall [88]. Monocytes 
differentiate into macrophages to form foam cells which secrete growth factors and metallo-
proteinases. The growth factors stimulate cell proliferation and matrix production, and the 
metalloproteinases cause matrix degeneration [78].

Another major factor involved in the pathogenesis of vasculopathy is oxidative stress [89–91]. 
Increased oxidative stress in T2DM induces generation of free radicals that cause vascular tis-
sue damage. In the pathogenesis of diabetic vasculopathy, white blood cells (WBCs) play a 
potential role. High WBC count predicts a decrease in insulin action and development of T2DM 
[92]. Inflammation is a primary risk factor for CVD [93], and proinflammatory cytokines and 
C-reactive protein are found to be linked to the development of diabetes. Increased WBC count, 
in particular, increase in activated neutrophils is a major contributing factor in development of 
CVD [94]. Activation of neutrophils leads to altered rheological properties of blood, increases 
blood corpuscular adhesion, and damages endothelium with cytotoxic reactive oxygen species 
and proteolytic enzymes [95]. These changes trigger activity of granulocytes and monocytes in 
endothelial injury site and result in atherogenesis. Besides, leucocyte adhesiveness/aggrega-
tion is found to be slightly increased in those who have had concomitant diabetes [96].

6. Diagnosis of vasculopathy

Increased arterial stiffness is a dysfunctional property of the arterial circulation that leads to 
CVD. The stiffening of aorta and other central arteries is a potential risk factor for increased 
CV morbidity and mortality [97]. Arterial stiffness can be measured by a number of methods. 
Some of these are more widely used in the clinical settings as these are simple, accurate and, 
reproducible and thus can easily be applied for the evaluation of CV risk. [98]. Most of them are 
complex or need sophisticated technical equipment, which limits their application in clinical 
practice. Among the non-invasive and simple methods of evaluating arteries, pulse wave veloc-
ity (PWV) [99] and augmentation index (AI) [100–103] measurement are widely used as indexes 
of large artery elasticity and stiffness.

Pulse wave velocity (PWV) is the oldest and probably the best clinical measure of stiffness over 
an arterial segment [104]. The technique of PWV is valid and reproducible, and has been widely 
applied in clinical and research setting [105]. PWV is determined by measurement of the time 
taken for the pulse wave to traverse the distance between two fixed measuring points [99]. PWV 
may be measured in various segments of the arterial circulation [106] and is therefore derived as 
(distance [m]/time [s]), in m/s, ranging from 5–20 m/s [104]. It is assessed either between carotid 
and femoral arteries (aortic PWV) or carotid and radial arteries known as brachial PWV [99].
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The pulse wave analysis (PWA) is the generation of ascending aortic pressure wave [107]. The sys-
tem is used to assess central aortic pressure which depends on accurate recording of the radial 
pulse wave [108, 109]. The radial pressure pulse contains all the basic information from which 
the ascending aortic pulse is generated [107]. It is calibrated against the brachial pressure, then 
generation of ascending aortic pressure waveform through the use of generalized transfer func-
tion in a computerized process [107]. It gives information to ventricular/vascular interaction from 
both pressure and time values, as calculated from the synthesized aortic waveform. Therefore, 
PWA used for deriving central arterial pressure waveforms, from which augmentation index (AI) 
and the timing of the reflected pressure wave can be determined as indices of arterial stiffness. 
Aortic AI is defined as the increment in pressure after the first systolic shoulder to the peak of the 
aortic pressure expressed as a percentage of aortic pulse pressure [110]. It is a surrogate measure 
of systemic arterial stiffness [111–113] which is calculated from the derived aortic waveforms 
using PWA and expressed as a percentage (%).

Pulse pressure is one of the simplest measures of arterial stiffness, varies with the rigidity of the 
arterial wall and easily practicable in the clinical setting. Pulse pressure is the difference between 
systolic and diastolic BP, depends on cardiac output, large artery stiffness and wave reflection. 
It can be easily measured by sphygmomanometer. However, pulse pressure alone is inadequate 
to assess arterial stiffness accurately. Brachial pulse pressure may not change despite increasing 
arterial stiffness when induced by circulating angiotensin II [114].

Pulse contour analysis estimates arterial stiffness non-invasively and measures both capaci-
tive (storage) and cushioning (oscillatory) arterial functions. In this technique arterial pulse 
contour is used to assess large artery capacitance and the capacitance of smaller arteries that 
are the primary source of reflected waves or oscillations in the arterial system. This technique 
involves tonometry at the radial artery, but the compliance is derived differently, using a 
model of the circulation and an assessment of diastolic pressure decay. Pressure pulse con-
tour analysis requires estimation of cardiac output from an algorithm.

Photoplethysmography records the digital volume pulse [115]. This technique records the trans-
mission of infrared light passing through the finger to measure the alteration in flow and 
produces a volume waveform. A stiffness index and a reflexion index that reflect systemic 
arterial stiffness are developed using this technique. The technique is relatively simple and 
easily portable [105]. However, problems include the damping of peripheral pulse, and tem-
perature-dependant changes in the peripheral circulation.

Ultrasound and Doppler techniques are used to visualize wall thickness and vascular diameter 
on a monitor screen. Using an ultrasound transducer to perpendicularly project ultrasound 
beams to the artery, the optimal sound reflections from the wall are obtained and the reflected 
echoes from the wall and lumen are monitored. Simultaneously, blood pressure is also mea-
sured to adjust the change in arterial diameter to estimate arterial stiffness.

Magnetic resonance imaging (MRI) technique is used to measure vascular compliance and dis-
tensibility. The technique demonstrates the inverse relationship between aortic distensibility 
and age, i.e. aortic distensibility is reduced in hypertensive patients [116], and that arterial 
compliance is reduced in patients with CAD but increased in athletes [117].
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Oscillometric BP measurement can be used to estimate the arterial stiffness. The pattern of oscil-
lations depends on arterial stiffness. As the cuff is deflated, oscillations are increased, reach-
ing a peak at mean arterial pressure. By coupling this to a computer algorithm, an index of 
arterial stiffness can be calculated.

7. Treatment modalities of diabetic vasculopathy

CVD is a major complication and the leading cause of early death among people with T2DM [118]. 
Much of the diabetes-associated morbidity and mortality predominantly reflects its deleterious 
effect on macrovascular and microvascular diseases [119, 120]. As T2DM is a complex metabolic 
disorder characterized by hyperglycemia, hypertension, hypercoagulability, and dyslipidemia, 
the diabetic patients with CVD require therapy for each of these metabolic abnormalities to reduce 
atherogenesis and prevent CV complications [121]. The main strategies for an effective therapy are 
to reverse insulin resistance, restore beta cell function, and control hepatic glucose output. The key 
treatment modalities include lifestyle modification and pharmacological interventions.

7.1. Lifestyle management

Lifestyle management is an essential part of management of T2DM and CVD in diabetic 
patients. Dietary restriction is recommended to achieve weight loss and reduce the risk fac-
tors for CVD in T2DM. Calorie restriction and weight loss bring down the blood pressure to 
normal limits and improves blood lipid profile, especially triglycerides and very low-density 
lipoprotein cholesterol. Exercise improves glycemic control, reduces certain CV risk factors, 
and increases psychological wellbeing [122]. In addition, physical training has been shown to 
reverse insulin resistance by increasing the number of skeletal muscle glucose transporters, 
which may reduce the need for hypoglycemic agents [123].

7.2. Pharmacotherapy

Patients with T2DM who do not show improvements in blood glucose levels with diet therapy 
are generally prescribed oral hypoglycemic drugs. These drugs control hyperglycemia by either 
increasing the release of insulin from the pancreatic beta cells or increasing the sensitivity 
of peripheral tissues to insulin [124–126]. The efficacy of these drugs depends on the endog-
enous capacity of insulin production in the T2DM patients. Among the main oral hypoglyce-
mic drugs are biguanides and sulfonylureas. Other prominent groups include α-glucosidase 
inhibitors, meglitinides, thiazolidinediones, incretin mimetics, and dipeptidyl peptidase-4 
(DPP-4) inhibitors.

Sulfonylureas act by promoting insulin secretion from the pancreatic islet beta cells and may 
improve insulin resistance in muscle and liver by improving insulin sensitivity in these target 
tissues. Metformin is the most commonly used biguanide and is suggested as the first-line 
drug of choice. It reduces hepatic glucose output, primarily by decreasing gluconeogenesis, 
and to a lesser extent, by enhancing insulin sensitivity in hepatic and peripheral tissues. Alpha-
glucosidase inhibitors such as acarbose, miglitol, and voglibose inhibit the α-glucosidase 
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enzyme which is essential for the release of glucose from more complex carbohydrates and 
is found in the brush border of enterocytes of small intestine. Thus, α-glucosidase inhibit 
the absorbance of carbohydrates in the gut and help in prevention of hyperglycemia [127]. 
Rosiglitazone and pioglitazone belong to the group of thiazolidinediones. The thiazolidine-
diones enhance insulin sensitivity in the peripheral target tissues such as muscle and adipose 
tissue, and inhibit hepatic glucose production to some extent, but have no effect on insulin 
secretion. When used in combination with other antidiabetic drugs, the thiazolidinediones 
achieve significant improvement in insulin resistance. Importantly, the thiazolidinediones 
have also been shown to improve the dyslipidemia in patients with T2DM.

A recent advance in the management of T2DM has been the development and clinical use of 
incretin-based therapies, i.e., glucagon-like peptide-1 (GLP-1) receptor analogs (e.g., exena-
tide) and DPP-4 inhibitors (e.g., sitagliptin, vildagliptin, saxagliptin) [128–131]. GLP-1 recep-
tor agonists mimic the action of GLP-1 and increase the incretin effect in patients with T2DM, 
stimulating the release of insulin. DPP-4 inhibitors prevent degradation of endogenous GLP-1 
and glucose-dependent insulinotropic polypeptide, thereby helping in glycemic control [129].

Anti-hypertensive drugs i.e. diuretics, angiotensin-converting enzyme (ACE) inhibitors, beta-
blockers, angiotensin II receptor blockers, and calcium antagonists have been effectively used in 
the treatment of high blood pressure control. For the prevention of cardiovascular complications 
and treatment of hypertension these drugs have shown beneficial effects in T2DM patients. In 
such patients, thiazide diuretics have been found to be very effective either alone or in combina-
tion with other anti-hypertensive therapy [132]. ACE inhibitors have beneficial effects in reducing 
macrovascular complications, improving insulin sensitivity and glucose metabolism in T2DM 
patients [18, 133]. ACE inhibitors can be used alone, however, their effectiveness significantly 
increases when combined with a thiazide diuretic or other antihypertensive therapeutic drugs 
[132]. Calcium antagonists have been found to be beneficial in controlling hypertension when 
used as part of a combined regimen [132]. Anti-hypertensive therapy using a calcium channel 
blocker lowers the risks of developing complications associated with beta-blocker usage [134].

Lipid-lowering agents reduce the risk of major macrovascular events in patients with T2DM 
[135, 136]. Statins (HMG-CoA reductase inhibitors) are considered to be first-line therapy 
for the majority of T2DM patients [137] and has demonstrated benefit in both the primary 
and secondary prevention of CVD [135, 138, 139]. Several clinical studies have found benefi-
cial effects associated with fibrate therapy [140–142]. Statins are effective in lowering plasma 
LDL-C, apolipoprotein B, and total cholesterol to HDL-C ratio, whereas fibrates are found to 
be beneficial in lowering triglycerides, shifting LDL particle size from smaller to larger, and 
raising HDL-C that results in lowering the total cholesterol to HDL-C ratio [18].

Anti-platelet drugs i.e. aspirin, clopidogrel, dipyridamole, and the glycoprotein IIb/IIIa recep-
tor antagonists reduce CV risk in patients with T2DM [137] due to their antiplatelet effects. 
Aspirin irreversibly inhibits prostaglandin H synthase (cyclo-oxygenase-1) in platelets and 
megakaryocytes that prevents synthesis of thromboxane A2, which is a potent vasoconstrictor 
and platelet aggregant [143]. The thienopyridine derivatives, such as clopidogrel, ticlopidine, 
are converted to active metabolites in the liver which significantly decrease blood platelet 
activation via their action on the adenosine phosphate receptors on platelets. Dipyridamole 
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increases cAMP concentration in platelets by inhibiting phosphodiesterase enzyme, and the 
increased cAMP levels inhibit activation of cytoplasmic second messengers. Dipyridamole 
also promotes prostacyclin release and inhibits thromboxane A2 synthesis. Glycoprotein IIb/
IIIa receptor antagonists inhibit the final common pathway for platelet aggregation.

8. Clinical trials on prevention strategies and therapeutic approaches for 
diabetic vasculopathy

Growth of overweight and obese population due to diet and life-style changes worldwide 
correlates with the global T2DM epidemic [144]. However, majority of the studies focusing on 
diabetes prevention were not designed to assess CV outcomes [145]. There is a need for stud-
ies to explore the effect of exercise and diet on quality of life, morbidity, and mortality, with 
a special focus on CV outcomes.

Clinical trials examining the effect of intensive glucose control on CVD did not report consistency 
in beneficial effects of intensive glycemic control on CV events [146–149]. Although the risk of 
microvascular complications was reduced with strict glucose control in T2DM patients, its ben-
eficial effects on CVD prevention or reduction remain ambiguous [150–152]. Data from UKPDS 
34 (the United Kingdom Prospective Diabetes Study) suggested a protective effect of improved 
glucose control on CVD, CV mortality, and all-cause mortality [146]. However, a number of large 
randomized, controlled trials have reported conflicting results. ADVANCE (Action in Diabetes 
and Vascular Disease: Preterax and Diamicron Modified Release Controlled Evaluation) [147], 
VADT (Veterans Affairs Diabetes Trial) [153], and NAVIGATOR (Nateglinide and Valsartan in 
Impaired Glucose Tolerance Outcomes Research) [154] showed no effect of intensive glucose 
control on major CV events. However, ACCORD (Action to Control Cardiovascular Disease in 
Diabetes) [149] demonstrated an increased risk of death from CV causes and total mortality asso-
ciated with intensive glucose control. In the PROactive (Prospective Pioglitazone Clinical Trial 
in Macrovascular Events) study [155], patients treated with pioglitazone had a significant 16% 
reduction in mortality, non-fatal myocardial infarction, and stroke. Further research is needed to 
examine effect of pharmacological approaches for the management of hyperglycemia on CVD.

Diabetic vasculopathy can be improved by lowering blood pressure with antihypertensive 
drugs which have antiatherogenic effects, e.g., ACE inhibitors, angiotensin II receptor block-
ers,  beta-blockers, and calcium channel blockers. Randomized controlled trials like UKPDS 
[33, 127], HOT (Hypertension Optimal Treatment) [156], SHEP (the Systolic Hypertension 
in the Elderly Program) [157–159], Syst-EUR (Systolic Hypertension in Europe) [158–161], 
HOPE (Heart Outcomes Prevention Evaluation) [162], LIFE (Losartan Intervention For 
Endpoint Reduction in Hypertension) [163], and ALLHAT (the Anti-hypertensive and Lipid-
Lowering Treatment to Prevent Heart Attack Trial) [164] have found beneficial effects of ade-
quately  controlling blood pressure in improving CV outcomes, specifically, for stroke, when 
 aggressive blood pressure targets are met [33, 156, 165, 166].

Dyslipidemia plays a significant role in CV complications in T2DM. Dyslipidemia com-
prises elevated total cholesterol and LDL cholesterol, decreased HDL cholesterol, and high 
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 triglyceride levels [74, 75]. Lowering LDL cholesterol reduces the risk of major vascular events 
in T2DM patients [167]. Randomized clinical trials in T2DM have consistently shown that 
statins significantly reduce the risk of major primary and secondary CVD endpoints. Clinical 
trials of fibrate therapy have shown mixed results.

Clinical trials e.g. CARDS (the Collaborative Atorvastatin Diabetes Study) [168], LIPID (Long-
term Intervention with Pravastatin in Ischemic Disease) [169], 4S (Scandinavian Simvastatin 
Survival Study) [170] and HPS (the Heart Protection Study) [171], demonstrated that statin 
significantly reduced the incidence of stroke in diabetic patients.

Subgroup analysis of the Helsinki Heart Study [136], and VA-HIT (Veterans Affairs High-
density lipoprotein Intervention Trial) [172, 173] provided evidence for the potential benefit 
of fibrate therapy in reducing CVD in T2DM. However, FIELD (Fenofibrate Intervention and 
Event Lowering in Diabetes) study [174] failed to show similar benefits. The lipid arm of the 
ACCORD study examined combination therapy of statin and fibrate and failed to support the 
effectiveness to reduce CV risk as compared with statin alone [175].

Antiplatelet drugs reduce the risk of CV events in T2DM patients. Currently, aspirin is widely 
recommended for primary prevention of CV events in T2DM patients and is the main drug 
under investigation to reduce the risk of CVD [176]. Aspirin reduces the risk of serious vas-
cular events in high risk patients by about 25% and also prevents the recurrence of angina, 
heart attack and stroke. Aspirin is routinely given for primary prevention of CV events in 
T2DM patients as all major guidelines recommend such preventive use that is based on evi-
dence gathered from clinical trials of high-risk patients [177, 178]. However, the POPADAD 
(Prevention of Progression of Arterial Disease and Diabetes) trial [179] demonstrated that 
aspirin failed to prevent a first CV event or death in T2DM patients, which contradicts the 
recommendations by many guidelines. The POPADAD trial recommended that aspirin 
should be used for secondary prevention of CVD in patients with T2DM. The JPAD (Japanese 
Primary Prevention of Atherosclerosis with Aspirin for Diabetes) trial examined the efficacy 
of low-dose aspirin for the primary prevention of atherosclerotic events in T2DM patients 
and found that low-dose aspirin when used for primary prevention did not reduce the risk 
of CV events [180].

In a subgroup analysis of the CAPRIE (Clopidogrel versus Aspirin in Patients at Risk of Ischaemic 
Events) study, patients with T2DM taking clopidogrel seem to derive enhanced benefit from 
clopidogrel compared with aspirin [181, 182]. The subgroup analysis of PRISMPLUS (Platelet 
Inhibition in Ischemic Syndrome Management in Patients Limited by Unstable Signs and 
Symptoms) trial showed that triple therapy (aspirin, heparin, tirofiban) significantly reduced 
the incidence of myocardial infarction or death as compared with aspirin plus heparin [183].

9. Conclusion and recommendations

CV complications are the major causes of morbidity and mortality in patients with T2DM. 
Macrovascular complications are more common, and most diabetic patients develop or die of 
macrovascular diseases, predominantly by developing CVD.
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The initiators of vasculopathy that ultimately develop into long-term complications can be 
controlled and avoided by strict glycemic control, maintaining normal lipid profiles, regular 
physical exercise, adopting a healthy lifestyle and pharmacological interventions. Studies 
have shown that lifestyle interventions help in prevention and reduction of CV risk factors; 
however, there is a lack of studies investigating effects of lifestyle modifications on long-term 
CV outcomes that need to be addressed. Similarly, because the intensive glycemic control in 
T2DM patients did not show consistent beneficial effects on CV events, such a strict glycemic 
control needs to be revisited. Contrary to the disappointing results of intensive glucose con-
trol in prevention of CVD, intensive control of blood pressure using anti-hypertensive drugs, 
normalization of lipid profiles using lipid-lowering agents, and prevention of atherosclerosis 
and vascular thrombosis with antiplatelet therapy have been found to be beneficial.

Health promotion and patient education should be given priority to combat CV complica-
tions in T2DM patients. A multidisciplinary approach involving patients, health profession-
als, and researchers should be undertaken to reduce the incidence and prevalence of T2DM 
and CVD, and improve the quality of life and well-being of patients.
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Abstract

Both iron excess and deficiency may be related to oxidative stress. Serum ferritin, the main 
marker of iron status, and hepcidin, the key regulator of iron metabolism, are increased in 
inflammation states and their links with insulin resistance are emerging topics. We have 
reviewed the role of iron deficiency/overload in cardiovascular risk, including our own 
results. Most studies deal with the association between iron deposition in tissues and car-
diovascular risk, while decreased iron status is predominantly related to protection against 
atherosclerosis and coronary heart disease. Less information is available on the role of 
iron status in type 2 diabetes mellitus (T2DM). Serum ferritin is positively correlated with 
several indicators of cardiovascular risk in healthy adults and diabetics, thus excess body 
iron is related to cardiometabolic alterations including vascular and heart damage, central 
obesity, and metabolic syndrome. Our data in an ample sample of T2DM adults suggest 
that body iron stores, evaluated as ferritin, are clearly related with some key markers 
of the so-called lipidic triad (high triglyceride and low high-density lipoprotein (HDL) 
cholesterol) levels together with the presence of small and dense low-density lipoprotein 
particles which also is in the frame of the dysmetabolic iron overload syndrome.

Keywords: iron, cardiovascular diseases, iron overload, iron deficiency, oxidative 
stress, hepcidin, ferritin, insulin, Type 2 diabetes Mellitus, lipidic triad, biomarker, 
dysmetabolic iron overload syndrome, human

1. Introduction

1.1. Iron metabolism and regulation

Iron is essential for life as it plays a central role in many biological processes that involve 
oxygen transport and storage and oxidative metabolism. This essential metal participates in 
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many  enzymatic systems such as those involved in DNA, RNA, and protein syntheses and 
in the regulation of gene expression, electron transport in the mitochondria, neurotransmitter 
metabolism, vitamin D activation, and cholesterol catabolism through the 7α-hydroxylase 
linked to isoenzyme P450 cytochrome (CYP7A1c) that depends on iron and converts choles-
terol to colic acid [1, 2].

Most of the functional iron in the body is present in the form of hemoglobin and myoglobin, 
and minor levels are part of a variety of heme and non-heme enzymes; the remainder is stored 
and mobilized when physiological demands are increased. The existence of two ionic forms, 
Fe2+ and Fe3+, means that this nutrient is capable to serve both as an electron donor and as an 
acceptor, which makes iron essential but also a potential toxic. In order to limit the amount 
of free ions that can induce free radical formation, iron is transported, bound to proteins, and 
stored intracellularly within a macro-protein structure, ferritin.

Iron in food is present in two forms, inorganic iron and heme iron. These forms are absorbed 
by different mechanisms; the heme route is highly efficient but contributes only to about 
10–15% of total dietary iron. Non-heme iron bioavailability is enhanced principally by animal 
tissue and ascorbic acid, whereas phytic acid and polyphenols are the main inhibitors [1, 3–6]. 
Solubility is an important factor for iron uptake; soluble ferrous iron is transported by the 
divalent metal transporter (DMT1) located at the luminal side of the duodenal membrane. 
However, this is not as simple; on the one hand, this carrier is not iron specific and there is 
competition from other divalent metals, such as calcium [7] and zinc, and on the other hand, 
ferric ion can be also transported either after reduction to ferrous by the duodenal cytochrome 
B or by interaction to mucins and subsequent association with β3-integrin and mobilferrin 
that cross the membrane and internalize iron in the cytosol [8, 9].

It is important to emphasize that iron absorption is tightly controlled, but once absorbed there 
are no excretion mechanisms. In contrast, iron recycling in the body is highly efficient; senes-
cent erythrocytes are phagocytosed by macrophages in the liver, spleen, and bone marrow. 
Under normal conditions, only about 10% of the 10–18 mg/day-ingested iron is absorbed. 
However, during late pregnancy (from 6 to 9 months), in order to cover fetal demands for 
growth and erythropoiesis, iron absorption increases to 25% [10]. The main serum transporter 
is transferrin, a protein capable of binding 1 or 2 ferric ions that are released into cells by the 
transferrin receptor (TfR1). Iron recycling involves 10–20 times greater iron flux than intes-
tinal absorption, that makes approximately 20–25 mg of iron circulating daily, an amount 
sufficient to ensure erythropoiesis needs. This role is played by macrophages in the spleen, 
bone marrow, and liver (Küpffer cells) [11]. Iron losses are due to intestinal desquamation and 
menstruation and should balance absorbed amounts (average 1–2 mg/day). However, hemor-
rhages, intense menstrual blood loss [12], pregnancy, and intense growth are frequent causes 
of iron deficiency anemia (IDA).

In iron overload conditions, such as hereditary hemochromatosis, transferrin becomes saturated 
with iron and the excess occurs as non-transferrin-bound iron (NTBI) that may be toxic [13].

The discovery of the intracellular iron regulatory proteins and that of the key regulator, hepci-
din, has triggered a revolution in iron metabolism research. Hepcidin, now accepted as a true 
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hormone, was initially named liver-expressed antimicrobial peptide (LEAP-1) and shortly 
later renamed as hepcidin because it is expressed in the liver (hep-) and exhibits antimicrobial 
activity (-cidin) [14, 15].

Figure 1 shows a scheme of the role of hepcidin on systemic iron homeostasis under con-
ditions of high or low iron level. Hepatic hepcidin synthesis is stimulated, secreted into 
the circulation, and released into tissues when iron levels are high. In different cells but 
mainly in hepatocytes, enterocytes, and macrophages, hepcidin inhibits iron export, thus 
decreases absorption, recycling, and circulation of iron. This hormone therefore is a nega-
tive regulator of iron status. The mechanism of action is binding to its receptor, the cellu-
lar iron exporter ferroportin (FPN), and subsequent internalization and degradation of the 
hepcidin-ferroportin complex. In contrast, under physiological or pathological situations 
of low iron levels, hepcidin synthesis is minimized resulting in an enhanced iron flux from 
liver and macrophages stores and an increased transport through the duodenal basolateral 
membrane.

The gene-encoding hepcidin, HAMP, is expressed primarily in hepatocytes, although there is 
also evidence of expression in duodenal enterocytes, liver Kupffer cells, splenic macrophages, 
and placental syncytiotrophoblasts [16]. Sequencing of HAMP reveals several mutations that 
are either not functional [17] or related to a rare form of hemochromatosis [18] indicating 
low variability and that this gene is highly conserved in humans while the common iron 
metabolism alterations, either iron deficiency or hemochromatosis, have been associated with 
polymorphisms in other genes [19–23].

Figure 1. Role of hepcidin in systemic iron homeostasis. (A) High iron level conditions. Hepatic hepcidin expression 
and circulating hepcidin levels are increased; in hepatocytes, enterocytes, and macrophages, hepcidin is bound to the 
complex ferroportin-hephaestin and ferroportin is internalized and degraded; consequently, iron efflux is inhibited. (B) 
Low iron level conditions. Hepatic hepcidin synthesis is inhibited and serum hepcidin levels are negligible; consequently, 
iron crosses the membrane and is delivered into the circulation and transported to tissues by transferrin that is highly 
saturated (FNP: ferroportin; HP: hephaestin). Modified from Blanco-Rojo R. [24].
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On the other hand, hepcidin regulation is a very active field. Many stimuli affect hepcidin 
transcription; the main factors are iron level, as explained above; inflammation, as hepci-
din behaves as an acute phase protein; hypoxia, through the hypoxia inducible factor; and 
erythropoiesis signals. The details of hepcidin regulation and intracellular iron regulatory 
proteins involved in transcription are far beyond this revision and have been reviewed by 
others [16, 19, 24–27].

1.2. Role of macrophages in iron recycling

Hemoglobin in erythrocytes constitutes the major iron pool of the body. Senescent or dam-
aged erythrocytes are phagocytosed by macrophages in the spleen, bone marrow, and liver. 
This activity is very efficient, as daily 20–25 mg of iron is delivered from macrophages into 
circulation and recycled, and the amount of iron that has to be absorbed for body functions is 
only 1–2 mg per day. Moreover, macrophages can work as a reservoir and participate in iron 
homeostasis [11].

Figure 2 shows the erythrophagocytic activity of macrophages. Once the macrophage detects 
an alteration or damage in the erythrocyte, the phagocytosis process is triggered. First, the 
erythrocyte is incorporated into the phagosome and heme is released. Then, heme is catab-
olized by hemoxigenase-1, and carbon monoxide, biliverdin, and Fe2+ are released. Fe2+ is 
transported across the phagosome membrane by DMT1 and natural resistance-associated 

Figure 2. Erythrophagocytic activity of macrophages. CO: carbon monoxide; HO-1: hemoxygenase-1; Bv: biliverdin; 
DMT-1: dimetal transporter-1; Nramp1: natural resistance-associated macrophage protein; FTN: ferroportin. Modified 
from Blanco-Rojo R. [24].
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macrophage protein (Nramp1). It seems that the presence of both transporters makes recy-
cling more efficient. If iron is not needed for erythropoiesis, it is stored as ferritin in the form 
of Fe3+. Finally, iron is released into the circulation via ferroportin and hephaestin (HP), and 
the iron is donated to transferrin to be reutilized [28].

2. Role of iron in oxidative status

The redox potential of iron, that is the switch between Fe2+ and Fe3+, is essential for many bio-
chemical reactions but is also a potential threat. Iron toxicity is based on the Fenton and Haber-
Weiss reaction, which generates •OH (hydroxyl radicals) from H2O2 (hydrogen peroxide) and 
superoxide (•O2

−) in the presence of catalytic amounts of iron. The first step of the catalytic 
cycle involves reduction of ferric ion to ferrous:

  F  e   3+  + • O  2        −  → F  e   2+  +  O  2    (1)

The second step is:

  F  e   2+  +  H  2    O  2   → F  e   3+  + O  H   −  + •OH  (2)

Net reaction:

  • O  2        −  +  H  2    O  2   → •OH + O  H   −  +  O  2   (where Fe acts as a catalytic metal )  (3)

The catalytic action of iron also leads to the formation of organic reactive oxygen species 
(ROS), such as peroxyl radicals (ROO•), alkoxyl radicals (RO•), thiyl radicals (RS•), sulfonyl 
radicals (ROS•), thiyl peroxyl radicals (RSOO•), and disulfides (RSSR). Similarly, heme iron 
catalyzes the formation of ROS, via the formation of oxoferryl intermediates. In addition, fer-
rous iron can also contribute as a reactant to free radical generation [29].

It is worth mentioning that ROS are normally produced by the mitochondria aerobic metabo-
lism through the incomplete reduction of molecular oxygen. ROS can also be generated by the 
membrane-bound NADPH oxidase complex that is an important tool for the antimicrobial 
defense and is mainly expressed not only in phagocytic macrophages but also in neutrophils 
and other cell types.

ROS are highly reactive species and promote the oxidation of proteins, nucleic acids, and 
membrane lipids. Any increase in the ROS levels beyond the antioxidant capacity of the 
organism causes oxidative stress [29]. In this regard, in primary and secondary iron overload 
conditions, such as in hereditary hemochromatosis and thalassemia, respectively, oxidative 
stress is observed as the iron-binding capacity of transferrin gets saturated and high levels of 
non-transferrin-bound iron reach the cell, are internalized, and induce tissue damage [30, 31].

Excess iron is involved in the pathophysiology of chronic inflammation, Alzheimer disease, 
diabetes, atherosclerosis, and, generally, cardiovascular diseases (CVD).
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3. Iron excess and cardiovascular risk

3.1. The iron hypothesis

Early in the 1980s, Sullivan published in The Lancet the hypothesis that higher-stored iron in 
men and postmenopausal women compared to premenopausal women increase the risk of 
heart diseases and that iron deficiency is a protective factor [32]. This was supported by epi-
demiological studies; positive associations between serum ferritin (marker of iron stores), 
and the cholesterol transported by low-density lipoproteins (LDL-cholesterol) that were 
reported in men [33]. But other data do not support this hypothesis [34, 35] and the debate 
still continues. Our research group and others have reported that iron-deficient and anemic 
women present low lipid levels that increase during pharmacological treatment with iron 
salts, although final values are in normal range [36, 37]. Other studies coincide in the gender 
and age differences in iron metabolism and lipoprotein metabolism and the lower cardio-
vascular risk in women compared to men [38]. However, there may be several interacting 
factors. In this regard, estrogens are related to higher levels of cholesterol transported by 
high-density lipoproteins (HDL-cholesterol) and aldosterone that may partly explain lower 
atherosclerosis and hypertension risk [39]. However, age has been suggested to exert higher 
influence than hormones as estrogens explain about 25% of the phenotype differences 
related to cardiovascular risk, and thus menopausal women have higher cardiovascular risk 
than fertile women mainly due to age [40]. Studies in older men and women do not support 
the Sullivan’s hypothesis and are rather opposite, with a subgroup of individuals who have 
low iron stores and higher cardiovascular risk [41]. Likewise, our findings in an elderly 
population consuming a variant of the Mediterranean diet show that prevalence of anemia 
is higher than that of high ferritin [42].

Therefore, it is likely that iron is only one of the players in the pathophysiological process of 
cardiovascular diseases.

3.2. Iron excess and atherosclerosis

Atherosclerosis is a chronic inflammatory disease affecting the arterial intima [43, 44]. 
Endothelial dysfunction induces recruitment of LDL particles and blood monocytes that dif-
ferentiate into macrophages, phagocyte lipid material, and are transformed into foam cells [45]. 
The possibility that iron plays an interacting role emerges from its capacity to enhance the 
formation of ROS and LDL oxidation and its presence in macrophages, where a reservoir of 
intracellular iron may remain if body iron is high. In this regard, high iron levels hypothetically 
increase atherosclerosis risk.

However, there are many doubts on this hypothesis. Results from the ARIC study, carried 
out in the 1990s, did not find an association between ferritin values and LDL oxidation [43] or 
ferritin and asymptomatic carotid atherosclerosis [44]. Likewise, a recent systematic analysis 
by Hosseini [46] concludes that iron intake/status is not associated with carotid intima media 
thickness. In this issue, it could be speculated that the effect of iron is related to the “labile 
pool” or unbound iron more than to the total amount of iron in the body.
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Results from the MONICA study in France [47] show that carotid atherosclerosis was positively 
associated with serum ferritin in individuals free from subclinical inflammation. In another 
study [48], atherosclerotic plaque specimens, which were removed from carotids of patients as 
a stroke reduction strategy, were analyzed. The study compared symptomatic and asymptom-
atic plaques considering that stroke symptoms occur when carotid bifurcation plaque ruptures 
and clots move into the cerebral circulation. It has been assumed that iron accumulates in 
atherosclerosis plaques following plaque rupture and hemorrhage since phagocytosed eryth-
rocytes have been identified in plaque macrophages. It was found that in the symptomatic 
plaque (causing stenosis and cerebrovascular symptoms), iron is associated with the patient’s 
LDL-cholesterol level. Furthermore, iron is abundant in such unstable plaques within throm-
bus, in the presence of macrophages, and away from calcium and zinc, elements that co-local-
ize in areas of plaque mineralization. Finally, iron in asymptomatic plaque (causing stenosis 
but not neurological symptoms) was present as ferritin and was observed in association with 
CD68-positive macrophages.

Therefore, iron may be involved both in the initial step of atherosclerosis by activating LDL oxi-
dation and in the final step linked to the vessel lesion within the plaque. Interestingly, increas-
ing the iron levels in circulating macrophages do not increase atherosclerosis [49]. In a mouse 
model of atherosclerosis (ApoE-/-), mice were fed with a high-fat diet and their tissue iron was 
increased by parenteral iron administration and a genetic mutation in ferroportin [49]. Iron 
loading produced an iron level increase in macrophages, liver, and spleen and resulted in the 
activation of the macrophage antioxidant defenses and in the storage of iron in the form of fer-
ritin. Clearly, this regulation reduced NTBI and toxicity.

With the hypothesis that blood donation reduces cardiovascular risk by lowering body iron 
status, a study was done in 819 healthy blood donors in the Netherlands [50]. Data included 
blood donation frequency, body iron status parameters, and a measure of the carotid intima-
media thickness (CIMT). Body iron status was not related to CIMT, but CIMT was slightly 
and not significantly reduced in frequent donors. Therefore, blood donation might give some 
protection against atherosclerosis in individuals predisposed to accumulate iron in excess, 
but the mechanism may be independent of total body iron.

The possibility that heme instead of iron is the inductor of LDL oxidation has also been 
investigated [51, 52]. Heme oxygenase-1, the heme-catabolizing enzyme, is therefore cru-
cial for heme detoxification (see HO-1 in Figure 2). HO-1 induction results in an increase in 
free iron and ferritin upregulation, which means iron storage and protection of the cell [51]. 
Interestingly, a child with HO-1 deficiency showed elevated plasma heme levels, extensive 
LDL oxidation, severe endothelial damage, and accelerated atherosclerosis, and thus the pos-
sibility of a HO-1 therapy that mitigates some of the symptoms is a matter of research [52, 53].

3.3. Lessons from hemochromatosis and other iron overload disturbances

Type 1 hereditary hemochromatosis (HH) is a genetic disease defined as homozygous for 
the C282Y mutation of the HFE gene. This gene is located in chromosome 6 and encodes the 
major histocompatibility complex class I-like protein HFE. The prevalence of HH is approxi-
mately 0.1% in the population of Caucasian origin. However, low morbidity has been found 
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in HH and most of the C282Y +/+ have no iron overload phenotype or are asymptomatic until 
adulthood. Cash et al. [30] compared vascular function, biochemical endothelial markers, 
and antioxidant status between HH patients (C282Y homozygous and high serum-ferritin 
levels) and controls. Noninvasive pulse wave analysis and pulse wave velocity were applied 
to carotid and radial arteries to estimate endothelial dysfunction. They reported that male 
HH patients had higher pulse wave velocity; however, this effect disappeared after adjust-
ing for hypertension. In both sexes, HH was associated with diminished antioxidant levels 
but neither increase in lipid peroxidation nor alteration in the systemic inflammation marker 
(i.e., C-reactive protein) could be demonstrated [30]. Thus, controversy remains on the idea 
that cardiovascular risk is high in hemochromatosis patients [54].

Iron overload is usually a complication of thalassemia, particularly in patients who require 
red blood cell transfusions. Among the three types of thalassemia, thalassemia intermedia is 
characterized by ineffective erythropoiesis, anemia, medullary expansion, and extramedul-
lary hematopoiesis. In contrast to HH, thalassemic patients show a proatherogenic biochemi-
cal phenotype which may contribute to enhance cardiovascular risks [31].

There are other iron overload pathological situations, where bone medulla is inefficient and 
iron overload results from repeated transfusions. In such syndromes, the amount of body 
iron can reach very high values and myocardial damage is the most frequent collateral effect 
of the treatment. In these cases, iron chelation therapy may result in higher quality of life and 
reduction of cardiac events [55].

4. Iron deficiency anemia and cardiovascular risk

Oxidative stress results from disequilibrium between oxidants and antioxidants. While iron 
excess may be involved in the generation of ROS, as commented above, anemia due to iron 
deficiency anemia (IDA) may affect the functioning of many enzymatic systems (cytochromes, 
catalases, hydroxylases, etc.) related to immunity, antioxidant status, and DNA integrity, 
among others [56].

In this regard, Aslan et al. [57] compared total plasma antioxidant capacity and lymphocyte DNA 
damage between two groups of IDA and control adults and concluded that both oxidative stress 
and DNA damage increased in IDA. In another study, four groups were compared: patients 
recently diagnosed with IDA who were not receiving any treatment at the beginning of the study; 
patients with IDA at the sixth week of an iron-replacement program (considered the time of 
hemoglobin normalization); patients with IDA at the end of the iron-replacement treatment (time 
of saturation of body iron stores); and age- and sex-matched healthy controls. Results show that 
untreated IDA patients present high lipid peroxidation, assessed by plasma malondialdehyde, 
and low activities of the antioxidant enzymes glutathione peroxidase, superoxide dismutase, and 
catalase and that the values did not differ between the sixth week and the end of the treatment, 
suggesting that recovery from IDA reduces oxidative stress [58]. Unfortunately, in these studies, 
the changes within a patient were not analyzed. In animal models of IDA, where all experimental 
conditions are controlled, high oxidative stress and DNA damage were not demonstrated [59, 60].
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Another aspect that has been studied is the possible changes in lipid levels in IDA. Old ani-
mal studies reported dyslipidemia with altered triglycerides and total cholesterol in serum. 
However, in most animal experiments, there were important confounders. For instance, 
iron deficiency induces low appetite and a reduction in food intake that often was not 
adequately controlled. In this regard, there are inconsistent results, but clearly the direc-
tion of change was toward reduction in circulating lipids and profound modifications in 
lipoprotein metabolism [61].

In humans, our research group found low values of total cholesterol, HDL-cholesterol, glu-
cose, and uric acid in IDA women at fertile age, which significantly increased during anemia 
recovery [36]. These results coincide with that of others who also reported low serum triglycer-
ides [62] and LDL-cholesterol [63]. It is noteworthy that despite significant increases after treat-
ment, the observed lipid values were very low in the severe anemic patients from these studies 
and still did not reach levels of non-anemic controls after recovery (reported mean values were 
approximately 150–170 mg/dL for total cholesterol and 60–70 mg/dL for triglycerides).

The above results can be explained by inhibition of lipid biosynthesis due to iron deficiency. 
Kamei et al. [64] performed a transcriptome analysis to determine the effects of iron defi-
ciency on hepatic gene expression. Rats on an iron-deficient diet were compared with rats 
pair-fed a control diet with a normal iron level. In agreement with human studies, these 
authors observed that iron deficiency decreases cholesterol and triglycerides in serum and 
liver. In addition, they found that serum glucose and insulin increased. Expressions of genes 
encoding gluconeogenic enzymes were upregulated, lactate was increased, and the urea cycle 
was activated. These results are explained by the insufficiency of iron for its enzymatic func-
tions and the situation of hypoxia due to anemia. Nevertheless, the results of high glucose 
and insulin do not agree with human observations.

Iron deficiency may affect cardiovascular health by indirect mechanisms. In this regard, iron 
participates in the hydroxylation of vitamin D to the active metabolites, 25 hydroxyvitamin D 
and 1,25-hydroxyvitamin D, and vitamin D acts as an antioxidant and may have protective 
cardiovascular effects, decreasing LDL-cholesterol, and blood pressure [37]. Moreover, iron 
supplementation alone increases vitamin B12 and folic acid levels [36]. This is attributed to a 
general increase in intestinal mucosa that favors nutrient absorption.

5. Dysmetabolic iron, type 2 diabetes, and cardiometabolic alterations

5.1. Iron excess and type 2 diabetes mellitus (T2DM)

T2DM is the most common and an ever-increasing form of diabetes [65]. It is characterized by dis-
orders in insulin secretion or action either of which maybe the predominant feature. The associa-
tion between iron overload and T2DM came from the observation that the frequency of diabetes 
is increased in classic hereditary hemochromatosis [65]. A link between red meat consumption, 
one of the highest iron bioavailability source, and T2DM has been reported [66]. Moreover, some 
reports show a relationship between high ferritin and the risk of gestational diabetes [67].
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The positive association between iron excess and T2DM is feasible although the underlying 
mechanisms still remain to be fully determined. First, iron is a powerful pro-oxidant and 
catalyst molecule, which promotes the formation of hydroxyl radicals and could attack pan-
creatic β cells by increasing oxidative stress thus resulting in impaired insulin synthesis and 
secretion [68]. Second, iron excess can diminish insulin utilization in muscle tissue leading to a 
shift from glucose to free acid oxidation, which may result in enhanced insulin resistance [69]. 
Third, increasing free fatty acid, main substrate for hepatic gluconeogenesis, would provoke 
higher glucose production [69]. Thus, the possible mechanisms are insulin deficiency, insulin 
resistance, and hepatic dysfunction [70].

Several studies report an association between the heme iron intake and risk of T2DM. The 
prospective cohort within the Nurses’ Health Study found that higher intake of heme iron 
was associated with higher intake of fat (total and saturated), red meat, and protein and with 
lower intake of carbohydrates. However, the association was not entirely explained by the 
red meat intake. Total dietary iron, non-heme iron, or supplemental iron were not related to 
diabetes risk [71].

Other studies reveal that vegetarians have higher insulin sensitivity than omnivores, and this 
was mainly attributed to their lower body iron [72]. In this regard, blood donation, by reduc-
ing iron stores, may increase insulin sensitivity [72, 73]. However, there is controversy in this 
issue [74–76].

We have studied some cardiovascular risk markers in a population of 595 T2DM from the 
DIabetes and CArdiovascular RIsk VAllecas (DICARIVA) study according to ferritin levels 
(Table 1).

Diabetic dyslipidemia is a cluster of altered plasma lipids and lipoproteins [77] though 
LDL-cholesterol levels are normal or reduced. It is characterized by high triglycerides and 
low HDL-cholesterol levels and by increased number of small and dense LDL particles [77]. 
Altogether, these features are known as the lipidic triad. In addition, other alterations are 
often observed:

• Increased concentration of very low density lipoproteins (VLDL) due to an increased pro-
duction or a lower clearance of triglycerides and apolipoprotein (apo) B.

• Increased production of apo B-LDL as well as an increment in glycosylation and oxidation 
of LDL particles.

n Mean Standard 
deviation

P25 Median P75

Males 265 150.5 149.3 50.5 107 200.5

Females 330 67.6 83 21.8 41.5 78

The distribution of ferritin in male and femaleT2DM was significantly different (p < 0.0001).

Table 1. Male and female ferritin levels (ng/mL) in type 2 diabetes population belonging to the DIabetes and CArdiovascular 
RIsk VAllecas (DICARIVA) study P25 and P75, 25th and 75th percentiles.
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• Higher clearance of apo A1 with decrease in the high-size HDLs and decrease of the cho-
lesterol reverse transport.

• Lower clearance of chylomicrons and remnant particles (i.e., intermedium density lipopro-
teins or IDL).

The diabetic dyslipidemia is associated with insulin resistance, visceral obesity, and liver fat 
content. Furthermore, insulin resistance is related to an excessive flux of substrates (free fatty 
acids and glucose) to participate in the formation of VLDL in the liver and with a positive 
control of mechanisms that produces an excess of large VLDL. These lipoprotein metabolism 
anomalies are not disconnected facts but are closely related to each other [78]. It is known 
that lipid metabolism in T2DM is modulated by several factors, such as the degree of glucose 
control and insulin resistance. The hypertriglyceridemia is very prevalent in T2DM and is also 
frequent in prediabetes, preceding the presence of chronic hyperglycemia [79]. When there is 
insulin resistance, mesenteric or “central” adipocytes are full and are unable to retain more 
fatty acids, consequently fatty acids reach the liver in very high quantities.

Since LDL-size assessment requires special methodology, other approaches have been pro-
posed. The triglycerides/HDL-cholesterol molar ratio has been widely used as a surrogate 
marker of LDL-size in clinical practice [80]. Earlier a value < 1.33 for this ratio was considered 
adequate and indicative of large LDL particles. In contrast, individuals with high triglyceride/
LDL-cholesterol molar ratio present a high amount of small, dense, oxidizable, and, thus, 
highly atherogenic LDL particles [81].

It has been confirmed that triglyceridemia is the determinant of LDL size [82]. In fact, it has 
been proposed that highly enriched in triglyceride VLDL subtype (VLDL1) are the predeces-
sors of dense and small LDL particles [83].

According to the data in Table 2, T2DM women presented higher triglyceridemia and higher 
HDL-cholesterol levels but lower triglyceride/HDL-cholesterol levels than men.

This study also shows that triglyceride levels increase in parallel to the level of ferritin in men 
and women. Triglycerides were 36 and 23% higher in men and women, respectively, belong-
ing to the 4th ferritin quartile versus their 1st counterparts. LDL particles appear 38% smaller 
in men and 24% smaller in women at the highest quartile versus the lowest, according to the 
triglyceride/HDL-cholesterol molar ratio. Taking into account these data and the significant 
correlation between ferritin and this molar ratio (p < 0.001), it can be speculated that body iron 
contributes to this theoretically higher oxidability and atherogenicity of the LDL.

When the T2DM sample belonging to the 1st or 4th quartile for ferritin was stratified accord-
ing to the presence of normo or hypertriglyceridemia, low or high levels of HDL-cholesterol, 
and small or large LDL particles, it was observed that the prevalence of altered triglycerides 
was higher (odd ratio 1.78; p=0.011) in T2DM patients belonging to the highest quartile for 
ferritin. Similarly, the odd ratios for high levels of HDL-cholesterol or the presence of small 
LDLs was 0.54 (p = 0.010) and 1.93 (p = 0.004), respectively in the T2DM patients of the 4th 
quartile versus the 1st quartile of ferritin.

To insist even more in this idea, the prevalence of T2DM presenting the lipid triad was com-
pared to that of patients who did not present any of the three components of the triad. The 
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concurrence of high ferritin and all the three components of the triad was higher than the con-
currence of low ferritin and the three components of the triad. On the contrary, the absence 
of any of the three components of the triad was less prevalent in T2DM patients with high 
ferritin values than in their low ferritin counterparts. The odd ratio for the lipid triad/ferritin 
association was 2.23 (p = 0.010), suggesting the hypothesis that altered CVD risk factors is 
more prevalent in T2DM patients presenting high iron body stores.

6. Conclusions, remarks, and future research

From all the above, there clearly exists a connection between iron regulation, lipoprotein 
metabolism, and insulin resistance.

Experimental evidence in animals and humans indicates that dietary fat may be impor-
tant in iron metabolism. Despite increasing evidence that dietary fat can influence iron 
absorption and retention, there is a paucity of information about the mechanism implicated 
[84, 85]. These may be related directly to changes occurring within the intestinal lumen in 
the enterocytes at luminal or apical membranes. Many aspects of iron absorption and its 
regulation are still unknown, such as the mechanisms of ferric iron transport, the role of 
mucines, and so on [8, 9, 11].

Droke et al. [86] demonstrate that palmitate increased iron transport to a greater extent 
than stearate, and this is followed by far by oleate, which could be due to fatty acid 
metabolism within the cells and the elongation of palmitic to stearic acid. However, the 
results suggest that fatty acids affected iron uptake to a greater extent than iron transport. 
One of the most striking effects of dietary fat on mineral metabolism is the finding of the 
enhancement of iron uptake and utilization by saturated fat. The effects are prominent 
when dietary iron is limiting and thus indicate a novel role in promoting an adequate iron 
status in human [86].

A genome-wide association study (GWA study or GWAS) and epigenome-wide association 
study (EWAS) together with metabolomic studies would help much to understand the mecha-
nisms involved in the conjoint iron-lipid metabolism that, in turn, affects CVD risks. This infor-
mation will be useful in the dietary personalization to optimize human health and function.

Meanwhile, as saturated fatty acids (mainly palmitic) increase the iron store [86], total cholesterol, 
and LDL cholesterol, and induce negative effects on insulin resistance compared to unsaturated 
fat [87], the authors of the present review claim insisting in the need that T2DM patients show a 
high adherence to present dietary recommendations for diabetes (American Diabetes Association 
[88]), which textually include that fat quality (eating monounsaturated and polyunsaturated fats 
and avoiding trans fats and saturated fats) appears to be more important than quantity.

In conclusion, iron is a key metal involved in cardiovascular health. Mild iron deficiency may 
reduce cardiovascular risk; contrarily, severe anemia induces alterations in the antioxidant 
iron-dependent enzymes and can be a threat. Iron overload appears to be more important 
than deficiency in triggering insulin resistance. In this regard, dysmetabolic iron overload 
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syndrome has been related to liver fat accumulation and visceral adiposity [89]. Whether 
hepcidin resistance is linked to insulin resistance should be a matter of further research.

Our data in an ample sample of adults diagnosed with T2DM suggest that body iron stores, 
evaluated as serum ferritin, are clearly related with some key markers of the so-called lipidic 
triad of the T2DM (high triglyceride and low HDL-cholesterol levels together with the presence 
of small and dense LDL particles) which also is in the frame of the dysmetabolic iron overload 
syndrome.
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