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The prevalence and incidence of heart failure 
(HF), based on disease-specific estimates may be 
conservatively attributed mainly due to coronary 
artery disease (CAD), hypertension, obesity, diabetes 
and rheumatic heart disease. The prevalence rate 
range from 1.3 to 4.6 million, with an annual 
incidence of 491 600-1.8 million [1,2]. However, the 
causes of HF in the Western World are CAD, 
cardiomyopathy, hypertension, obesity and diabetes 
mellitus [1,2]. Although, no data are available from 
developing and newly industrialized countries, 
regarding the exact prevalence and incidence of HF, it 
is possible that higher propensity for CVDs and 
ageing of population, may enhance the burden of HF 
greater than that in the Western populations [3-5]. 
There is an urgent need to have HF registries in the 
secondary, tertiary care centers and at the national 
level. The heart failure registry may help and provide 
us the detailed information related to incidence, 
prevalence, and aetiology of HF in India. In earlier 
studies from India, rheumatic heart disease has been 
the major cause of HF [3,4]. In later studies, CAD and 
cardiomyopathy have become major causes of HF in 
India [5,6]. The mechanisms of HF may be related to 
oxidative stress, mitochondrial and microRNA 
dysfunction, inflammation and disturbed myocardial 
substrate metabolism as observed in various studies 
[6,7] 

In United States, HF is the third most common 
cardiovascular disease (CVD) affecting about 2 per 
cent of the population, or almost 5 million people [1]. 
The prevalence of HF increases with the age from less 
than 1 per cent in the 20-39 yr old age group to over 
20 per cent in the people age 80 yr or older [1,2]. The 
lifetime risk of developing HF at the age of 40 yr is 
11.4 per cent for men and 15.4 per cent for women. 
The hospital discharges for HF remained essentially 
unchanged from 2000 to 2010 in United States, with 
first-listed discharges of 1,008 000 and 1,023 000, 
respectively [1]. The deaths and disability due to HF 
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are also quite high in the USA [1]. In 2009, 1 in 9 
death certificates (274 601 deaths) in the USA, 
mentioned HF and it was the underlying cause in 
56410 of those deaths in 2009. The number of any-
mentioned deaths attributable to HF was 
approximately as high in 1995 (287 000) as it was in 
2009 (275 000). More than 7 million Europeans have 
congestive HF and it is a leading cause of 
hospitalization [1,2]. The major risk factors for HF 
are hypertension, coronary artery disease (CAD), 
dyslipidaemia, diabetes, obesity, genetic 
predisposition, viruses, and toxins [1-4]. The 
distinction of heart failure with reduced ejection 
fraction and with preserved ejection fraction has been 
clarified. In both situation s, clinical manifestations 
are important for the diagnosis of heart failure. The 
diagnosis of heart failure with preserved ejection 
fraction requires left ventricular enlargement and or 
diastolic dysfunction. However, in suspected heart 
failure, natriuretic peptide level in conjunction with 
echocardiography may be considered as important 
diagnostic methods. In patients with non-acute onset 
of heart failure, values less than 35 and less than 125 
pg/ml for BNP and NT pro BNP make the diagnosis 
of heart failure unlikely [2]. 

A recent study was conducted to determine 
whether warfarin (with a target international 
normalized ratio of 2.0 to 3.5) or aspirin (at a dose of 
325 mg per day) is a better treatment for patients in 
sinus rhythm who have a reduced left ventricular 
ejection fraction (LVEF) [8]. This study followed 
2305 patients for up to 6 years (mean [±SD], 3.5±1.8). 

The rates of the primary outcome were 7.47 
events per 100 patient-years in the warfarin group and 
7.93 in the aspirin group (hazard ratio with warfarin, 
0.93; 95% confidence interval [CI], 0.79 to 1.10; 
P=0.40) showing no significant overall difference 
between the two treatments. However, in a time-
varying analysis, the hazard ratio changed over time, 
slightly favoring warfarin over aspirin by the fourth 
year of follow-up (P=0.046).  

Warfarin, as compared with aspirin, was 
associated with a significant reduction in the rate of 
ischemic stroke throughout the follow-up period (0.72 
events per 100 patient-years vs. 1.36 per 100 patient-
years; hazard ratio, 0.52; 95% CI, 0.33 to 0.82; 
P=0.005). The rate of major hemorrhage was 1.78 
events per 100 patient-years in the warfarin group as 

compared with 0.87 in the aspirin group (P<0.001). 
The rates of intracerebral and intracranial hemorrhage 
did not differ significantly between the two treatment 
groups (0.27 events per 100 patient-years with 
warfarin and 0.22 with aspirin, P=0.82). A reduced 
risk of ischemic stroke with warfarin was offset by an 
increased risk of major hemorrhage. In conclusion, 
the choice between warfarin and aspirin should be 
individualized, however, among patients with reduced 
LVEF who were in sinus rhythm, there was no 
significant overall difference in the primary outcome 
between treatment with warfarin and treatment with 
aspirin.  

In the recent trial, of the 1476 patients in the 
retrospective analysis, who were followed for a 
median of 2.15 years, 892 (about 60%) were 
prescribed aspirin at baseline. Of those, 91% received 
aspirin at 75 mg/day and the remainder received 
aspirin at higher dosages [9].  

Apart from aspirin clopidogrel, was also given to 
18.4% of the aspirin group, while 27.8% of them took 
added warfarin, and 2.1% received dual antiplatelets 
and warfarin. In this study, daily low-dose aspirin, 
defined as 75 mg/day, was followed by a 42% 
mortality reduction over several years in a cohort of 
patients participating in a heart-failure disease-
management program [9].  

Aspirin prolonged survival regardless of whether 
patients had a standard aspirin indication, such as 
ischemic heart disease, peripheral vascular disease, or 
stroke [9]. Both low- and higher-dose aspirin 
improved heart-failure hospitalizations, but there was 
no such survival benefit at dosages higher than 75 
mg/day. These findings contrast with and go beyond 
prior studies of narrower heart-failure populations 
treated with aspirin. 

Adjustment was made for age, sex, natriuretic-
peptide levels, creatinine levels, heart-failure etiology, 
ischemic heart disease, atrial fibrillation, 
hypertension, diabetes, dyslipidemia, chronic 
obstructive pulmonary disease, peripheral vascular 
disease, and stroke. It seems that aspirin in above 
trials was given at two to four times the low dose of 
the current analysis, which indicates that treatment 
with low-dose aspirin may have a continuing role in 
secondary prevention of HF.  
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Table 1. Effects of antiplatelet agents on End-Point Hazard Ratios (95% CI) for low-dose vs high-dose  
aspirin vs none 

 
End points Low dose aspirin  

vs no aspirin 
Low dose aspirin 
vs high dose aspirin 

High dose aspirin 
vs no aspirin 

Heart failure hospitalization 0.70 (0.54–0.90) 1.27 (0.70–2.30) 0.50 (0.27–0.92) 
Mortality 0.58 (0.46–0.74) 0.57 (0.35–0.92) 0.98 (0.59–1.63) 

 
In brief, it also suggests to a need for further 

prospective, trials of low-dose aspirin therapy in 
patients with HF. The findings in part solve the 
controversy on aspirin use in HF by presenting 
reassuring results on low-dose aspirin therapy in a 
clinical-practice. 
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Abstract 
 

Background: There has been persistent emphasis from 
various health agencies including United Nations on the 
prevention of cardiovascular diseases (CVDs) and other 
chronic diseases. This review focusses on the emergence of 
CVDs and other chronic diseases as well as on modern 
strategies for their prevention. 
Methods: A systematic and narrative review was conducted 
using such reference databases as MEDLINE (PubMed), 
Web of Science and EBSCO, with additional secondary 
sources and grey literature searching. Opinions of experts 
were also sought and discussions followed. 
Results: The prevalence of primary risk factors for most 
chronic diseases is rapidly increasing in low and middle 
income populations due to the on-going economic 
development and progress. There is a decrease in such risk 
factors in the developed countries as due to education and 
adoption of preventive strategies result in a reduction in 
CVD mortality. Hypertension (5-10%), type 2 diabetes (3-
5%) and CAD (3-4%) are very low in the adult rural 
populations of India, China, and in the African sub-
continent which has less economic development. It seems 
that it is not poverty, but the lack of health education, 
possibly due to ineffective policies of national and local 
governments. In urban and immigrant populations of India 
and China, which are economically better off, NCDs are 
significantly higher than they are in some of the high-
income populations. Health education and promotion of 
healthier lifestyle and behaviour appear to be important for 
prevention in such countries.  
Conclusion: These findings may require modification of the 
existing American and European guidelines, proposed for 
the prevention of CVDs and other chronic diseases, in high-
income populations.  
 
Keywords: Diet, nutrition, hypertension, heart 
disease, type 2 diabetes, stroke 

 
 

Introduction 
 
The International College of Cardiology and the 

International College of Nutrition in their recent 
meetings in Sofia, 7th International Congress on 
Cardiovascular Diseases and 17th World Congress on 
Clinical Nutrition (Oct 24-26,2013, Sofia, Bulgaria, 
www.iccsk.bizpa.in), reiterated that treatment 
decisions for patients with obesity should be dictated 
by their overall level of risk due to primary risk 
factors rather than biological risk factors alone [1-6]. 
Obesity and poverty are the gateways for 
development of CVDs and other chronic diseases 
which have been recently highlighted by the World 

Health Organization and United Nations of 
Organization [7,8]. 

The International College of Nutrition and 
International College of Cardiology have been 
emphasizing that health education about the role of 
nutrition in the emergence of CVDs and other chronic 
diseases, is vital as evidence has accrued in the last 
three decades [1-6, 9,10]. Recently Clark has re-
emphasized that NCDs area challenge to sustainable 
human development and no amount of money can 
control this epidemic [11]. Despite billions of dollars 
and a very high health budget, the epidemic of poor 
cardiovascular health behaviour continue to be 
common in USA because Americans may have wealth 
but there is no health advantage compared to 15 other 
western countries [12]. In a recent report of the 
American Heart Association [13], after adjustment, 
population attributable fractions for CVD mortality 
were as follows; for high blood pressure, 1: 40.6% 
(95% confidence interval [CI], 24.5–54.6); for 
smoking 13.7% (95% CI, 4.8–22.3); for unhealthy 
diet 13.2% (95% CI, 3.5–29.2); for sedentary 
behaviour 11.9% (95% CI, 1.3–22.3) for high 
glucose; 8.8% (95% CI, 2.1–15.4). These findings 
further confirm the old hypothesis that emergence of 
NCDs may have a sequence during transition from 
under-nutrition and poverty to affluence; Overweight 
and central obesity come first in conjunction with 
deficiency of certain lifestyle related biomarkers 
having adverse effects on emergence of NCDs. This 
sequence of development of NCDs may be altered by 
learning and regular practice of methods of prevention 
by alteration in public health policies for achieving 
total health including social, mental and spiritual 
health, apart from the physical health and 
environmental health [14]. 

 
 

How This Document Differs  
from Others 

 
This document is slightly different from other 

documents proposed by other agencies because we 
emphasize more on knowledge and practice of health 
education and the alteration in government policies to 
provide physical activity and health foods at 
affordable costs to citizens in the developing and 
newly industrialized countries. If, and only if, we do 
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not modify the UNO and WHO advice and follow 
North America and Western Europe, we would make 
the same mistakes which the western world has done 
which is to buy health education and health behaviour 
from health insurance companies [11-13].  

There is a need for the governments of all 
countries to collaborate between their Ministry of 
Health, Ministry of Education, Ministry of Sports, 
Ministry of Food and Nutrition and Ministry of 
Agriculture in order to produce policies that change 
the health behaviour of the populations rather than 
targeting secondary risk factors of NCDs [14]. It 
should be re-emphasized that poverty is not the cause 
of emergence of NCDs but poor health behaviours are 
actual causes of deaths due to NCDs [15].  

In this connection, industry and institutions need 
to provide information on physical activity, health 
foods; stress relief by yoga and meditation, tobacco 
and alcoholism cessation, moderate wine drinking, 
decreasing pollution should be encouraged by giving 
tax relief by the governments. These measures may 
cause an apparent decrease in the income to 
governments but would be cost effective in the long 
run by decreased health care budgets and by 
increasing work efficiency of every country. There is 
a need to re-emphasize that risky health behaviours 
continue to be common in most high income countries 
during nutritional transition and economic 
development from Homo sapiens to Homo 
economicus [15-17]. 

A recent survey to assist in targeting the adults 
who undertake risky behaviours, showed that they 
know about their health behaviours which are not 
optimal but are worried about their health [18]. 

This situation can arise when health foods and 
exercise are expensive and people are not motivated 
to change their health behaviour due to poor social, 
mental and spiritual health. 

 
 

United Nations Organizations  
and World Health Organization 

 
In September 2000, the United Nations made a 

Millennium declaration and set 8 Millennium 
development goals to focus international development 
efforts on decreasing global poverty by 2015 [19]. Of 
the 8 Millennium Development Goals, 3 goals 

directly address health of the people and populations, 
without mention of NCDs, health and general 
education but for human development. This epidemic 
of NCDs offered us an opportunity to initiate action to 
counter growing epidemics of cardiovascular diseases 
(CVD) on both sides of the Atlantic, although it has 
been associated with great economic burden [10-13]. 
There was a declining trend in CVD in the Western 
world after 1968, but obesity continued to increase, 
resulting in an increase in the metabolic syndrome in 
both developed and developing economies leading to 
increased burden and mortality due to NCDs [14-21]. 
Rosenbaum and Lamas considered it a "Slow-Motion 
Disaster" in the New England Journal of Medicine 
2011 [21]. However, a scientific statement from the 
International College of Cardiology, Columbus 
Paradigm Institute and the International College of 
Nutrition proposed that globalization of dietary wild 
foods can protect against cardiovascular disease and 
all-cause mortalities [22].  

Such statements have to be made again and again 
to educate the food industry and governments to 
increase the availability of health foods at affordable 
cost. 

The authors of The Sofia Declaration are 
delighted to congratulate the planners of The United 
Nation High-Level Meeting (UN HLM) on deaths and 
disability due to NCDs held in September, 2011 
which has been very exciting [20].The world’s Heads 
of States and Health Ministers attended the meeting, 
creating a unique opportunity to advance globally the 
prevention and treatment of NCDs. The burden of 
death and disability attributable to CVDs and other 
chronic diseases is rising in all middle- and high-
income countries, because of the rapid changes in the 
lifestyle patterns [23-25]. Millions of deaths occur 
every year due to lack of health education and poor 
health policies [1-8, 23-25]. NCDs are a great 
challenge to health care experts and governments and 
appear to be an underlying cause for poverty as well 
as threat to human, social, and economic development 
[23-25]. 

The risk of cardiovascular disease (CVD); 
hypertension, stroke CAD and other chronic diseases, 
as well as risk of risk factors, is changing dynamically 
around the world [21-25].The 36·1 million deaths per 
year as a result of NCDs represent almost two out of 
three deaths per year worldwide. 22·4 million of these 
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deaths arise in the poorest countries, and 13·7 million 
in high-income and upper-middle-income countries 
[23]. Approximately, two-thirds (63%) of premature 
deaths in adults (aged 15–69 years), and three of four 
of all adult deaths are attributable to NCDs. In the 
South Asian sub-continent, where type 2 diabetes and 
CAD are highly prevalent, it is clearly apparent that 
people of South Asian descent, around the globe have 
the highest rates of premature CAD, with clinical 
manifestations occurring about 10 years earlier than in 
other populations [24, 25]. In India, majority of the 
deaths occur due to infectious diseases (41.1%, 
n=915) in the urban population [24, 25]. NCDs as the 
cause of deaths(60.2%) were; circulatory diseases 
(29.1%, n=646) (heart attacks (10.0%), stroke (7.8%), 
valvular heart disease (7.2%,n=160), sudden cardiac 
death and inflammatory cardiac disease, each, 
2.0%,n=44), type 2 diabetes (2.2% 49),malignant 
neoplasm (5.8%, n=131), injury (14.0%,n=313) 
including accidents; fire and falls and poisonings, 
were also quite common causes of death. 
Miscellaneous causes of deaths were noted in 9.1%, 
(n=202).  

Circulatory diseases as the cause of mortality 
were significantly more common among higher social 
classes 1-3 than in lower social classes 4 and 5 who 
died more often, due to infections. Heart attacks, 
stroke, hypertension, diabetes and obesity were 
significantly more common among higher social 
classes 1-3 compared to class 3 and 4 but tobacco 
intake showed only minor differences in various 
classes. In the study, reported that apoA1, the primary 
protein that makes up approximately 75% of HDL 
particles, is oxidized by myeloperoxidase (MPO) at 
Trp72, and such oxidation impairs the cardio-
protective functions of HDL making it dysfunctional 
and proinflammatory [33]. It is possible that it may be 
an unknown target of behavioural risk factors 
tobacco, sedentary behavior, transfat and stress. 

 

Nutrition in Transition  
and Development of NCDs 

 
The world population has been under transition 

from Homo sapiens to homo economicus 
communities after the ancient agricultural revolution, 
some 10,000 years ago, when humans started farming 
and storing of foods [17]. They continued to eat 

Palaeolithic foods along with whole grains obtained 
from their farming and animal foods by hunting 
associated with enormous physical activity [17]. The 
major changes in the risk factors for CVDs have 
mainly occurred in the last 100 years after 1910 due 
to industrialization and urbanization resulting into 
rapid changes in the diet and lifestyle with emergence 
of risk factors of CVDs first in the developed 
countries and then in all other countries [1-9] (Table 
1). The major primary risk factors for CVDs including 
hypertension and type 2 diabetes mellitus are identical 
to those of other chronic diseases, including cancer 
and chronic respiratory diseases where pollutants, 
tobacco, allergens and carcinogens are more 
important apart from other lifestyle factors [7, 8,16, 
27-47]. 

There is some emphasis on global mental health 
and associated diseases such as depression [39, 40]. In 
most developed countries, the emphasis is on primary 
risk factors such as nutrition, tobacco, alcoholism and 
physical activity is minimal and the role of diet and 
nutrients are not given due consideration due to 
growing interest of the Homo Economicus community 
in the capitalist culture, where the sole aim is to 
enhance profit by increased sale of drugs and stents 
[42-44]. Implications of new insurance coverage for 
access to care, cost-sharing, and reimbursement in the 
United States, indicate some fractional 
encouragement [43].  

Unfortunately the whole world is following the 
culture and systems prevalent in these countries, 
whether it is housing, consumer durables, 
automobiles, indoor recreations, fashion, late night 
awakening, eating and drinking and empowering with 
weapons with little consideration for no tobacco, 
moderate alcohol, regular physical activity, 
meditation which are rapidly adopted in high-income 
countries [44-46]. 

The majority of the risk factors and health 
problems benefit from continuity of care; 
strengthening primary health-care services to deliver 
long-term care for all disabling illnesses will benefit 
patients with mental health issues and people with 
other NCDs, e.g., kidney disease and musculoskeletal 
disorders [10-12, 24-30]. 

 



 

Table 1. Nutrition in transition and emergence of non-communicable diseases in developing countries 
 

Homo sapiens diet 
patterns 

Pattern 1:  
Hunter-gatherers 

Pattern 2: 
Food Scarcity-Poverty 

Pattern 3: Receding Food 
Scarcity & Poverty 

Pattern 4: More food, less 
exercise- Homo economicus 

Pattern 5: Healthy Behavior-
Homo modestis 

Nutrition profile /  
diet 

Plants, low-fat wild 
animals, diet diversity 
by collecting foods 

Cereals predominant, diet less 
varied 

Fewer starchy staples; more 
fruit, vegetables, animal 
protein; low variety continues 

More fat (animal products, 
trans fat, w-6 fat), sugar, 
processed foods; less fibre, 
less w-3 fat and flavonoids 

Higher-quality fats, reduced 
refined carbohydrates, more 
whole grains, fruit, vegetables 
rich in w-3 and flavonoids 

Nutritional status Robust, lean 
population; few 
nutritional deficiencies 

Children and women suffer 
most from low fat intake, 
nutritional- deficiency disease 
emerge, stature declines 

Continued MCH1 nutrition 
problems, many deficiencies 
disappear, weaning diseases 
emerge, stature grows 

Obesity, problems for elderly 
(osteoporosis, fractures etc.), 
type 2 diabetes, hypertension, 
stroke, heart attack, brain 
degeneration, psychological 
disorders, cancer 

Reduction in body fat and 
obesity, and NCDs, 
improvement in bone health; 
epigenetic modulation and 
transgenerational epigenetic 
inheritance -natural selection. 

Economy Hunter-gatherers Agriculture, animal husbandry, 
homemaking begin; shift to 
monocumono cultures  

Second agricultural revolution 
(crop rotation, fertilizer), 
Industrial Revolution, women 
join labour force 

Fewer jobs with heavy 
physical activity, service 
sector and mechanization, 
household technology 
revolution 

Service sector mechanization 
and industrial robotisation 
dominate, increase in leisure 
exercise offsets sedentary jobs 

Household  Primitive, onset of fire Labour-intensive, primitive 
technology begins (clay 
cooking vessels)  

Primitive water systems, clay 
stoves, cooking technology 
advances 

Household technology 
mechanizes and proliferates 

Significant reduction in food 
preparation costs as a result of 
technologic change 

 Income and assets Subsistence, primitive 
stone tools 

Subsistence, few tools Increases in income disparity 
and agricultural tools 
industrialization  

Rapid growth in income and 
income disparities, 
technology proliferation 

Decrease in income growth, 
increase in home and leisure 
technologies 

Professional 
skill/Education 

Hunting Stock breeding , cultivation Industry, intensive agriculture Processed unhealthy foods 
increased 

Functional foods availability 
increases 

Demographic 
profile / Mortality  

Low fertility, high 
mortality, low life 
expectancy  

Age of Malthus; high natural 
fertility, short life expectancy, 
high infant and maternal 
mortality 

Mortality declines slowly, then 
rapidly; fertility static, then 
declines; small, cumulative 
population growth, which later 
explodes 

Life expectancy hits unique 
levels (ages 60–70), huge 
decline and fluctuations in 
fertility (e.g., post-war baby 
boom) 

Life expectancy extends to 
ages of 70 and 90 years, 
disability-free period increases 

Age structure Young population Young, very few elderly Chiefly young, shift to older 
population begins 

Rapid decline in fertility, 
rapid increase in proportion 
of elderly person 

Increases in the proportion of 
elderly >75 years of age 

Housing Rural, low density Rural, a few small, crowded 
cities 

Chiefly rural, move to cities 
increases, international 
migration begins, megacities 
develop 

Dispersal of urban population 
decrease in rural green space 

Lower-density cities 
rejuvenate, increase in 
urbanization of rural areas 
encircling cities 

Food processing Non-existent Food storage begins Storage processes (drying, 
salting) begin, canning and 
processing technologies 
emerge, food refining and 
milling 

Numerous food- transforming 
technologies 

Technologies create functional 
foods and food constituent 
substitutes (e.g., macronutrient 
substitutes) 

1 MCH denoted maternal and child health. As modified from Popkin et al (2006), References 20,38,42. 
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Health education about pathogenesis of various 
risk factors early in life emphasizes the importance of 
prevention of NCDs during the lifetime of an 
individual [41-45]. It is important to educate girls and 
women before conception about the health and 
nutrition to achieve better health during pregnancy 
which may lead to prevention of NCDs in offspring 
[45-48]. In developing countries, people and 
populations having chronic respiratory diseases are 
highly predisposed to deaths due to tuberculosis and 
pneumonia [49]. Presence of HIV increased the risk 
of CVDs and tuberculosis [50]. Public health benefits 
of strategies to reduce green-house gas emissions, 
indoor pollutions, and urban land transport have to be 
emphasized for prevention of NCDs [51-53]. Health 
effects and financial costs of such strategies to reduce 
salt intake and tobacco are known in both middle and 
high income countries [53-55]. Dietary changes and 
physic al activity have been found to tackle obesity in 
all the countries of the world to prevent all the NCDs 
[56-62]. 

In brief, in respect of such healthcare services, 
Figures 1 and 2, demonstrate the potential for the ‘rise 
and fall’ of Homo economicus’ with increasing 
capital generation and man’s changing behavioural 

patterns in a growing urban civilization and 
environment leading to the increasing development 
and expression of risk factors and ensuing global 
consequences of ‘epidemic’ proportions of morbidity 
and mortality of NCDs: though communicable 
diseases are also pressing problems, globally. 
Tobacco use, including exposure to second-hand 
smoke, diets high in refined carbohydrates, saturated 
fat, w-6 fat and trans fat, salt, and sugar, low in w-3 
and monounsaturated fatty acids (MUFA) and 
antioxidants and environments that prevent physical 
activity, and increase alcoholism and mental stress are 
important behavioural risk factors [1-8,23-26,53-55]. 

These risk factors are the results of 
industrialization, urbanization and globalization 
which increase the risk of biological risk factors; 
obesity, increased blood pressure and concentrations 
of glucose and lipids and proinflammatory cytokines 
are now common in the poorest countries, and are 
rising rapidly [32-39]. Underlying these biological 
risk factors are socioeconomic determinants such as 
poverty, inequality, unemployment, social instability, 
unfair trade, and global imbalances, which appear to 
be the root causes of the pandemic of NCDs [21-23] 
(Figure 2).  

 

 

Figure 1. Nutrient intake during Palaeolithic period and in modern men. 
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Figure 2. Lifestyle and development of diseases. 

It is important to emphasize the vascular 
variability disorders, night shift work, disruption in 
sleep and chrononutrition leading to chronic 
gastrointestinal diseases that are more recent 
problems which need emphasis in the prevention of 
NCDs [58-62]. For instance, the physiologic 
monitoring facilitated by recent technological 
advances can serve for self-surveillance, so that 
intervention can be promptly instituted when needed. 
A chronobiologic analysis of data collected around 
the clock interpreted in the light of time-specified 
reference values specified by gender and age finds 
abnormalities in the variability of blood pressure and 
heart rate, known as vascular variability disorders 
(VVDs) [61].  

As these may occur within the physiologic range, 
they serve for true primary prevention, before there is 
target organ damage. VVDs have been associated 
with an increase in cardiovascular disease risk in 
several outcome studies [87]. They raise the risk from 
about 8% in patients with uncomplicated MESOR-
hypertension to over 35% and 50% when MESOR-
hypertension is accompanied by one or two additional 
VVDs, respectively. Some VVDs, such as CHAT 
(Circadian Hyper-Amplitude-Tension, a condition 

characterized by too large a circadian variation in 
blood pressure) can be treated, sometimes by only 
changing the scheduling of treatment administration, a 
practice that can cut to less than half the number of 
strokes and other all cardiovascular events [88].  

Treatment timing should be optimized for the 
individual patient so as to avoid trading one VVD 
(MESOR-Hypertension) for another (CHAT) 
associated with an even larger risk [89]. Much 
attention has recently been also paid to risks 
associated with shift-work, notably in relation to 
cancer. Whereas irregular rest-activity schedules may 
raise some issues in their own right, the possibility of 
optimizing schedule shifts should be revisited, as in 
several studies in the experimental laboratory, some 
schedule shifts were shown to be beneficial rather 
than harmful (for review, see [90]). 

 
 

Burden of Noncommunicable 
Diseases 

 
The total world population in 2012 was above 7.0 

billion which would increase to 7.9 billion by the year 
2025. Adult population aged 20-79 years, in the world 
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was 4.1 billion, in the year 2007, which would 
increase to 5.2 billion by the year 2025. Of the total 
world’s population, 80% of them live in developing 
countries and 80% of all CVD deaths occur in lower- 
and upper-middle income countries [18,42,43].  

As mentioned earlier, 36·1 million deaths per 
year as a result of NCDs represent almost two of three 
deaths per year worldwide. Of these deaths, 22·4 
million arise in the poorest countries, and 13·7 million 
in high-income and upper-middle-income countries 
[18]. Figures show mortality data (millions) from the 
World Bank for income groups illustrating three main 
points: a) that mortality from NCDs relative to injury 
and communicable diseases increases from poverty to 
affluence; b) by far the largest group for NCD 
mortality is in the lower-middle income group; and c) 
it is ‘b’ who experience a higher mortality due to 
injury and communicable disease which are very 
important but outside the scope of this report. 
However, when age-standardized mortality data is 
expressed for the same income groups by selected 
countries, it is clear that a similar order from poverty 
to affluence prevails though other factors are 
important such as health care services provision, 
health education, quality of housing, urbanization, 
crops and animal husbandry, education, etc., will all 
have an impact on mortality quite apart from 
communicable diseases.  

NCDs, principally CVD, cancer, chronic 
respiratory disease and diabetes mellitus caused 35 
million deaths, which were 60% of total deaths in the 
year 2005. CVDs are the leading chronic diseases, 
with 17 million deaths. Deaths due to diabetes are 
usually recorded as being deaths due to heart disease, 
stroke and renal failure [17,18]. Majority of these 
deaths (80%) occurred in low- and middle-income 
countries. In one recent study [22, 23], all-cause 
mortality were; infectious diseases (41.1%) and NCDs 
as the cause of death were common among 60.00% of 
the victims dying due to various causes.  

According to the Registrar General of India, in 
the year 1994 to 1998, trends indicate that there has 
been a significant decline of proportionate deaths 
from infectious diseases from 22% to 16%. However, 
mortality from cardiovascular disease (CVD) 
increased from 21% to 25% which is lower than the 
death rate of 29.1 reported by Singh et al in 2005 [13, 
22, 23]. 

Major NCDs are responsible for 85% of deaths 
and 70% of the disease burden in Europe and North 
America [13,18,33-35]. The costs for the care of the 
consequences of NCD present an enormous burden 
for the economy of the country in addition to the 
human suffering: even in those more affluent Member 
States where one sees downward trends in NCD 
mortality (primarily CVD, cancer, chronic obstructive 
pulmonary disease (COPD) and diabetes) [33-39]. 
Chronic disease places an enormous health and 
economic burden on the population of all Member 
States of the WHO European Region (41). Multiple 
risk factors management is a critical area in the 
prevention and therapy of NCD and it has been shown 
to be effective in reducing mortality and disability 
mainly in CVD. It is well documented that NCDs 
have a significant impact on national economies by 
disabling and killing the working-age population 
[12,13,42].  

The health systems of most developed countries 
are not adequately structured to respond to these 
emerging needs. The dissemination of information on 
the early diagnosis, treatment, and prevention of 
multiple risk factors in disease in many countries, has 
multiple barriers. These barriers are linked to a lack of 
integrated country-specific policies. For instance, in 
many countries, 24-hour ambulatory blood pressure 
(ABPM) monitoring may help the earliest possible 
and most precise diagnosis of hypertension and 
vascular variability syndromes (VVSs) as risk factors 
for cerebro- and cardio-vascular diseases. As an 
example of such a good practice, ABPM has been 
recently recommended for the confirmation of the 
diagnosis of hypertension in the UK and can be 
feasibly integrated into such clinical prediction rules 
as ABCD2 or CHADS2 scores to predict the risk of 
stroke after transitory ischaemic attack (TIA) or atrial 
fibrillation, respectively [82-86]. Majority of the 
NCDs (as CVD, obesity, diabetes, COPD and some 
tumours) burden on lives and economy can be 
decreased by appropriate integrated approaches to 
health policies applied to: individual risk reduction 
(aimed at high-risk individuals), population risk 
reduction (aimed at social determinants), rational use 
of health services (by empowering primary health 
care), and referral system support and help from non-
government organizations. 
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Diet and Risk of Noncommunicable 
Diseases 

 
Our genes appear to be similar to the genes of our 

ancestors during the Palaeolithic period 40,000 years 
ago, the time when our genetic profile was established 
[59-62]. The affluent man appears to live in an 
environment that completely differs from that which 
his genetic constitution was originally selected. 
Unfortunately, during the last 100 years, our dietary 
intakes and lifestyles have changed significantly, 
causing increased intakes of refined carbohydrates, 
saturated fatty acids (SFA), transfat, and w-6 fat and 
decreased intakes of ω-3 fatty acids, from grain-fed 
cattle tamed at farm houses rather than meat from 
hunted free-roaming animals [61]. The food and 
nutrient intakes among hunter-gatherers during the 
Palaeolithic period comprised mainly fruits, 
vegetables, seeds, whole grains, egg, fish and wild 
animal meat which were low in w-6 and high in w-3 
fatty acids along with antioxidants, vitamins and 
minerals and amino acids. In comparison to modern 
diets, there is a marked reduction in consumption of 
ω-3 fatty acids, vitamins, minerals and proteins, and a 
significant increase in intakes of carbohydrates 
(mostly refined), fats (saturated and unsaturated trans 
fats, linoleic acid) and salt in the modern diets [2-4,6-
10, 59-62]. The high cardiovascular mortality in 
Eastern Europe and all other middle income countries 
has often been attributed to poor diet, but individual-
level data on nutrition in all of the countries are 
generally not available. In a review on food intakes 
[59], a few subjects met the WHO recommended 
intakes for complex carbohydrates, pulses or nuts; 
intakes of saturated fatty acids, transfat and w-6 fat, 
sugar and salt were too high. Only 16% of Polish 
subjects met the WHO recommendation for 
polyunsaturated fat intake. Consumption of fruits and 
vegetables was lower than recommended by WHO 
(>400g/day), especially among those Russian subjects 
who were assessed during the low intake season. 

Various health agencies such as WHO, 
International College of Cardiology and International 
College of Nutrition have been emphasizing for the 
last two decades about the role of diet and physical 
inactivity in the development of CVDs and other 
chronic diseases [2-9]. Recent studies indicate that a 
prudent dietary pattern, similar to a Mediterranean-

style diet may be protective against CVDs and other 
chronic diseases [59,60]. Cohort studies and meta-
analysis of studies showed that a fruit and vegetable 
enriched diet can protect against myocardial 
infarction and modulate microvascular function [60]. 
In a meta-analysis on the role of diet in metabolic 
syndrome [63], the authors conducted a systematic 
review and random effects of epidemiological studies 
and randomized controlled trials, including 50 
original research studies (35 clinical trials, 2 
prospective and 13 cross-sectional), with 534,906 
participants, were included in the analysis. The 
combined effect of prospective studies and clinical 
trials showed that adherence to the Mediterranean diet 
was associated with reduced risk of metabolic 
syndrome (log hazard ratio: -0.69, 95% confidence 
interval [CI]: -1.24 to -1.16). Additionally, results 
from clinical studies (mean difference, 95% CI) 
revealed the protective role of the Mediterranean diet 
on components of metabolic syndrome, like waist 
circumference (-0.42 cm, 95% CI: -0.82 to -0.02), 
high-density lipoprotein cholesterol (1.17 mg/dl, 95% 
CI: 0.38 to 1.96), triglycerides (-6.14 mg/dl, 95% CI: 
-10.35 to -1.93), systolic (-2.35 mm Hg, 95% CI: -
3.51 to -1.18) and diastolic blood pressure (-1.58 mm 
Hg, 95% CI:-2.02 to -1.13), and glucose (-3.89 mg/dl, 
95% CI:-5.84 to-1.95). The results from 
epidemiological studies also confirmed those of 
clinical trials. It is possible that this dietary pattern 
can be easily adopted by all population groups and 
various cultures and cost-effectively serves for 
primary and secondary prevention of CVDs and other 
chronic diseases. 

Sofi et al. [64] demonstrates the lower risk 
associated prospectively with a Mediterranean diet 
which is well presented and heterogeneity amongst 
the selected studies is very low as seemingly is any 
publication bias: this study is well conducted. Sofi et 
al aimed to conduct meta-analysis of cohort 
prospective studies that investigated the effects of 
adherence to the Mediterranean diet on health status. 
The study showed that a 2-point increase in adherence 
to the Mediterranean diet was associated with a 
significant reduction of overall mortality [relative risk 
(RR) = 0.92; 95% CI: 0.90, 0.94], cardiovascular 
incidence or mortality (RR = 0.90; 95% CI: 0.87, 
0.93), cancer incidence or mortality (RR = 0.94; 95% 
CI: 0.92, 0.96), and neurodegenerative diseases (RR = 
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0.87; 95% CI: 0.81, 0.94). The meta-regression 
analysis showed that sample size was the most 
significant contributor to the model because it 
significantly influenced the estimate of the association 
for overall mortality. In conclusion, this updated 
meta-analysis confirmed, in a larger number of 
subjects and studies, the significant and consistent 
protection provided by adherence to the 
Mediterranean diet in relation to the occurrence of 
major chronic degenerative diseases. 

It seems that the majority of the epidemiological 
studies indicate that a prudent dietary pattern 
characterized with fruit, vegetable, legume and whole 
grain intake appears to be protective [59-66]. In one 
cross-sectional survey among 6940 subjects, above 25 
years of age, fruit, vegetable and legume intake were 
inversely associated with risk of pre-hypertension and 
hypertension in five Indian cities [31]. This study was 
conducted during 1993 to 1996 in India when w-6/w-
3 ratio of fatty acids of the diet was increasing due to 
increased consumption of sunflower oils, soya bean 
oil and corn oil. A meta-analysis of cohort studies 
quantitatively assessed the relation between fruit and 
vegetable intake and incidence of CAD which 
reported relative risks (RRs) and corresponding 95% 
confidence interval (CI) of CAD with respect to 
frequency of fruit and vegetable intake (66). A total of 
278 459 subjects (9143 CAD events) were included, 
with a median follow-up of 11 years. The individuals 
who had less than 3 servings/day of fruit and 
vegetables, the pooled RR of CAD was 0.93 (95% CI: 
0.86–1.00, P=0.06) while those with more than 5 
servings/day, the RR was 0.83 (0.77–0.89, 
P=0.0001).This meta-analysis of prospective cohort 
studies demonstrated that increased consumption of 
fruit and vegetables, less than 3 to more than 5 
servings/day is related to a 17% reduction in the risk 
of CAD. A lower increase in the intake to 3–5 
servings/day was also associated with a smaller and 
borderline significant reduction in CAD risk. These 
results provide evidence supporting that 5 or more 
servings per day of fruit and vegetables, are needed to 
protect from CVD. The role of Mediterranean diet on 
blacks and Hispanics in the United States are lacking, 
particularly in relation to stroke [67]. The Northern 
Manhattan Study determined stroke incidence and 
risk factors among 2568 participants (mean and SD 
age of participants was 69 and10 y respectively; 64% 

were women; 55% Hispanic, 21% white, and 24% 
black). A higher score on a0–9 scale represented 
increased adherence to a Mediterranean diet rich in 
fruit, vegetables, whole grains, fish, and olive oil. The 
relation between the Mediterranean diet score and risk 
of ischemic stroke, myocardial infarction (MI), and 
vascular death was assessed with Cox models, with 
control for sociodemographic and vascular risk 
factors were as follows: 0–2 (14%), 3(17%), 4 (22%), 
5 (22%), and 6–9 (25%). Over a mean follow-up of9 
y, 518 vascular events accrued (171 ischemic strokes, 
133 MIs, and 314 vascular deaths). The 
Mediterranean diet score was inversely associated 
with risk of the composite outcome of ischemic 
stroke, MI, or vascular death (P-trend = 0.04) and 
with vascular death specifically (P-trend = 0.02). 
Moderate and high Mediterranean diet scores were 
marginally associated with decreased risk of MI. 
There was no independent association with ischemic 
stroke but higher consumption of a Mediterranean diet 
was associated with decreased risk of vascular events.  

In a large, prospective, observational study [68] 
involving 72,113 female nurses who were free of 
CAD, stroke, diabetes, and cancer, factor analysis 
identified 2 dietary patterns from data collected on 
serial food frequency questionnaires. One pattern, 
called prudent, was characterized by a high 
consumption of vegetables, fruit, legumes, fish, 
poultry, and whole grains. The other pattern, called 
Western, corresponded to a high consumption of red 
meat, processed meat, refined grains, French fries, 
sweets, and desserts. Individuals were classified by 
their level of adherence to both the prudent diet and 
the Western diet. After baseline data collection in 
1984, follow-up lasted 18 years, during which time 
6011 deaths occurred (3139 [52%] as a result of 
cancer; 1154 (19%) resulting from cardiovascular 
disease (CVD); and 1718 (29%) resulting from other 
causes).There was a 17% lower risk of total mortality 
among those who were most adherent to the prudent 
diet (highest versus lowest quintile of adherence), a 
28% lower risk of CVD mortality, and 30% lower 
mortality from non-CVD, non-cancer causes. Cancer 
was not associated with the inverse prudent dietary 
pattern. A comparison of the highest and lowest 
quintiles of adherence showed that consumption of 
the Western diet was associated with increased total 
mortality (21%), CVD mortality (22%), cancer 
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mortality (16%), and mortality from non-CVD, non-
cancer causes (31%). Hence, except for cancer, risk 
relationships for the prudent and Western dietary 
patterns appear to be the inverse of each other: 
Mortality thus was increased as adherence to the 
prudent diet decreased and adherence to the Western 
diet increased.  

The Greek Epic Prospective cohort study [69] 
investigated the relative importance of the individual 
components of the Mediterranean diet in generating 
the inverse association of increased adherence to this 
diet and overall mortality. The Greek segment 
comprising of 23 349 men and women, not previously 
diagnosed with cancer, CAD, or diabetes, with 
documented survival status until June2008 and 
complete information on nutritional variables and 
important covariates at enrolment. After a mean 
follow-up of 8.5 years, 652 deaths from any cause had 
occurred among 12 694 participants with 
Mediterranean diet scores 0-4 and 423 among10 655 
participants with scores of 5 or more. After potential 
confounders were controlled, higher adherence to a 
Mediterranean diet was associated with a statistically 
significant reduction in total mortality (adjusted 
mortality ratio per two unit increase in score 0.864, 
95%confidence interval 0.802 to 0.932). Moderate 
ethanol consumption23.5%, low consumption of meat 
and meat products16.6%, high vegetable consumption 
16.2%, high fruit and nut consumption 11.2%, high 
monounsaturated to saturated lipid ratio 10.6%, and 
high legume consumption 9.7% were individual 
components of the Mediterranean diet contributing to 
this association. The contributions of high cereal 
consumption and low dairy consumption were 
minimal, whereas high fish and seafood consumption 
was associated with a non-significant increase in 
mortality ratio. It is possible that moderate 
consumption of ethanol, low consumption of meat 
and meat products, and high consumption of 
vegetables, fruits and nuts, olive oil, and legumes 
were highly protective and minimal contributions 
were found for cereals and dairy products, possibly 
because they are heterogeneous categories of foods 
with differential health effects, and for fish and 
seafood which are consumed less often in Greece.  

The INTERHEART study, involving participants 
from 52 countries [70] examined the relationship 
between dietary patterns and risk of acute coronary 

syndrome (ACS). Consistent with previous studies in 
single within-population cohort studies, the authors 
found an inverse association between the prudent 
pattern score and risk of ACS and a significant 
positive association between the Western pattern 
score and increased risk of ACS. No association of 
Oriental diet with risk of ACS was reported. A dietary 
risk score based on 7 food items on the food-
frequency questionnaire (meat, salty snacks, fried 
foods, fruits, green leafy vegetables, cooked 
vegetables, and other raw vegetables) was constructed 
by the authors. The investigators found that a higher 
score, indicating a poor diet was strongly associated 
with ACS risk and the subjects in the highest quartile 
of the score had nearly 2-fold increased risk, even 
after adjustment for established coronary risk factors. 
On the basis of an arbitrary cut-point of the score (top 
3 quartiles versus the bottom quartile), the 
investigators estimated that 30% of myocardial 
infarction (MI) could be explained by unhealthy diets 
worldwide. 

The INTERHEART study is the first large study 
to quantify eating patterns in all geographic regions of 
the world. It provides evidence that despite different 
food habits in various populations, reproducible 
patterns can be found in diverse regions of the world. 
These findings are important because there has been a 
concern that dietary patterns derived through a data-
driven approach such as principal components 
analysis (PCA) may be highly unstable and non-
reproducible because of very different eating habits in 
different populations. 

In the dietary-patterning analysis, habitual intake 
patterns are typically quantified by statistical methods 
such as factor or cluster Analysis or diet-quality 
indexes based on prevailing dietary recommendations 
or healthy traditional diets e.g., the Mediterranean 
diet, the Japanese diet and the Indo-Mediterranean 
diet [59-73]. The PCA is commonly used to define 
dietary patterns using food consumption information 
to identify common underlying dimensions (factors or 
patterns) of food intake. The method aggregates 
specific food items based on the degree to which these 
food items are correlated with each other. A summary 
score for each pattern is then derived and can be used 
to examine relationships between various eating 
patterns and outcomes of interest such as CAD, 
diabetes mellitus, stroke and other chronic diseases. 
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Earlier validation studies found that 2 major patterns 
(the prudent and Western patterns) identified through 
PCA of food consumption data assessed by food 
frequency questionnaires were reproducible over time 
and correlated reasonably well with the patterns 
identified from diet records.  

The consistent association observed between the 
Western or unhealthy dietary pattern (high in animal 
products, salty snacks, refined starches and sugar and 
fried foods and low in fruits and vegetables) and ACS 
risk indifferent regions of the world from the 
INTERHEART study and other studies as well as in 
our study, provide consistent evidence of the adverse 
effects of globalization on human nutrition and NCDs 
risk. However, this evidence is indirect because these 
studies did not specifically assess the impact of global 
trade and marketing on food consumption patterns 
across different countries [63-70]. Despite this 
weakness, most recent studies suggest that the current 
trend of dietary convergence toward a typical Western 
diet characterized with high w-6/w-3 ratio of fatty 
acids, and low nutrient density, is likely to play a role 
in the globalization of obesity and NCDs [59-70]. 

The cohort studies provide an association of diet 
with risk of CVDs and deaths which do not provide a 
proof that is the cause of the problem. Therefore, 
randomized, controlled intervention trials are 
necessary to provide scientific rigour that diet has a 
role in the prevention of NCDs [71-78]. Intervention 
trials, using the whole diet approach so far conducted 
are also in line with this epidemiological evidence. 
The effect of Palaeolithic style diet was examined in 
patients (n=204 intervention group, n=202 control 
group) with acute coronary syndromes, which showed 
significant decline in total cardiac events as well as in 
total mortality after 6 weeks and the benefit continued 
after one year [71,72]. Further follow up for 2 years in 
this study [73] is different from the published work, 
because it places emphasis on the Palaeolithic dietary 
patterns and ALA content of the diet which is 
probably responsible for the significant greater 
survival in the intervention group compared to control 
group. Dietary patterns before entry to the study 
showed higher w-6/w-3 ratio of 32.5 in the diets of 
both the groups. Intervention group A was advised a 
Palaeolithic style diet with w-6/w-3 fatty acid ratio of 
4.3 compared to standard diet group with ratio of 20. 
Dietary adherence was excellent. After a follow up of 

2 years, total mortality was significantly declined in 
the Palaeolithic style diet group compared to control 
group. The mortality was lowest among subjects with 
w-6/w-3 ratio of less than 5 which showed graded 
increase with increase in the fatty acid ratio in both 
the groups. The diet and re-infarction trial [74] 
showed that modest intake of fish, 2 servings per 
week can cause 29% decrease in total mortality and 
cardiovascular mortality. Since no benefit was 
observed in nonfatal infarction, the authors concluded 
that w-3 fatty acids may have prevented ventricular 
fibrillation by altering cardiomyocyte cell membrane 
phospholipids. 

In the Lyon Diet Heart Study [75], 605 patients 
who had a myocardial infarction were randomly 
assigned to a ‘Mediterranean-style’ diet or a control 
diet resembling the American Heart Association Step 
I diet. The Mediterranean diet model supplied 30% of 
energy from fats and < 10% of energy from saturated 
fatty acids, whereas the intake of 18:3 (n-3) 
(-linolenic acid) provided >0.6% of energy. After a 
mean follow-up of 27 months, the risk of new acute 
myocardial infarction and episodes of unstable angina 
was reduced by ~ 70% by the Mediterranean diet. 
Moreover, total mortality was also reduced by 70%. 
Long-term follow-up for 4 years also showed that the 
beneficial effects of diet were continued. Singh et al 
[76] tested an ‘Indo-Mediterranean diet’ in 1000 
patients in India, with existing coronary disease or at 
high risk for coronary disease. Half of the patients 
(n=499 vs. 501) were administered a diet rich in 
fruits, vegetables, whole grains, walnuts, mustard and 
soy bean oil as a source for w-3 fat and the rest i.e. 
501 patients, were advised to take prudent diet 
advised by the National Cholesterol Education 
Program Step 1 diet in 1988. At the end of 2 year 
follow-up, the Palaeolithic style diet group consumed 
significantly more fruits, vegetables and legumes than 
did the control group (537± 127 vs. 231±19 g/day, 
p<0.001) as well as more mustard and soy bean oil 
(31±6.5 vs. 15.2±5.5g/day). The mean intake of ALA 
was over two fold greater in the Palaeolithic style diet 
group compared to control group (1.8±0.4 vs. 0.8±0.2 
g/day, p<0.001). The w-6/w-3 ratio of fatty acids was 
slightly higher at baseline in the intervention group 
than in the control group (39±12 vs. 34±10) yet both 
these figures are extremely high, reflecting a diet with 
a very high w-6 content yet low w-3 (50). At the end 
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of two years follow up, this ratio showed a marked 
decline in the intervention group, which was greater 
than that observed in the control group consuming 
control diet (9.1 ± 12 vs. 21±10,p<0.001). The study 
end points were; significant decline in the total 
cardiac events, sudden cardiac death and nonfatal 
infarction in the intervention group compared to the 
control group. This study also demonstrated that 
Mediterranean diet can regulate circadian rhythm of 
cardiac events by its influence of brain function [77]. 
The Japan Public Health Centre based study [78] 
showed that increased intake of fish was associated 
with significant reduction in cardiovascular disease 
and cardiac mortality. Iso et al. further supported 
these findings in his study and compared a modest 
fish intake of once a week or with about 20 g/d [79]. 
A higher intake of fish was associated with 
substantially reduced risk of coronary artery disease, 

primarily nonfatal cardiac events, among middle-aged 
persons. 

 
 

Mechanisms 
 
The beneficial effects of the Palaeolithic prudent 

dietary pattern may be because of low w-6 fatty acids 
and high content of alpha-linolenic acid (ALA), 
antioxidants, flavonoids, vitamins amino acids and 
carotenoids present in the diet [59-64]. Omega-3 fatty 
acids, such as alpha-linolenic acid (ALA), is rich in 
mustard oil, walnuts, green leaves, whole grains, and 
seeds and eicosapentaenoic acid (EPA) and 
docosahexaenoic acid (DHA) are rich in fish and fish 
oil and can be beneficial in microcirculation, cardiac 
rhythm and myocardial infarction [59,60].  

 
Table 2. Dietary guidelines and desirable level of risk factors for Indians 

 
Factors Desirable Values 
 
Energy (k calories/day) 
Total Carbohydrate (k calories/day) 
Complex Carbohydrate ((k calories/day) 
Total Fat (k calories/day) (Olive oil may be more) 
Saturated Fatty Acids (k calories/day) 
Polyunsaturated Fatty Acids (k calories/day) 
Polyunsaturated/Saturated Fat Ratio 
n-6/n-3 Fatty Acid Ratio 
Dietary Cholesterol (mg/day) 
Whole Grains (wheat, rice, corn, legumes) (g/day) 
Fruit, vegetables and nuts (g/day) 
Salt (g/day) 
Brisk Walking (km/day) 
Meditation/pranayam (minutes/day) 

 
1900-2500 
65.0 
55.0 
21.0 
 7.0 
 7.0 
 1.0 
<5.0 
100 
400-500 
400-500 
<6.0 
 9.0 
30.0 

Body Mass Index (kg/m2) 
Range 
Average 

 
19.0-23.0 
21.0 

Waist-Hip Girth Ratio 
Male 
Female 

 
<0.90 
<0.85 

Serum Total Cholesterol (mg/dl) (4.42 mmol/L) 
Mild Hypercholesterolemia (mg/dl) (4.42-5.20 mmol/L) 
Hypercholesterolemia (mg/dl) (>5.20 mmol/L) 
Low Density Lipoprotein Cholesterol (mg/dl) (2.32 mmol/L) 
Borderline High (mg/dl) (2.32-2.84 mmol/L) 
High (mg/dl) (2.84 mmol/L) 
Triglycerides (mg/dl) (1.7 mmol/L) 
High Density Lipoprotein Cholesterol (mg/dl) (0.9 mmol/L) 
Blood Pressure (mmHg), MESOR BP via AMBP. 
Drug therapy in view of high risk of diabetes and CAD. 

<170 
170-200 
>200 
<90 
90-110 
>110 
<150 
>40 men, >50women 
<125/80 
Amblodipine, ACE-I , receptor blockers and new beta-
blockers? Fish oil, aspirin, flavanols, statins, fibrates. 
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These nutrients are known to decrease 
inflammation, insulin resistance and blood lipids in 
several studies [59,60,80]. Esposito et al (80) 
randomized 180 patients (99 men, 81 women) with 
metabolic syndrome to a Mediterranean style diet, 
characterized with whole grains, vegetables, fruits, 
nuts and olive oil vs. a cardiac-prudent diet with fat 
intake <30%. After a follow up of 2 years, subjects in 
the intervention diet showed greater weight loss, had 
lower C-reactive protein, and proinflammatory 
cytokine levels, had less insulin resistance, as well as 
lower total cholesterol and triglycerides and higher 
HDL cholesterol. The prevalence of metabolic 
syndrome was reduced to one half. Since 
inflammation, hyperlipidaemia, hyperglycaemia, free 
radical stress and insulin resistance are basic 
mechanisms responsible for CVDs and other chronic 
diseases, it poses the possibility that a Mediterranean 
diet can protect against these problems. A recent 
study showed that exogenous plant MIR168a 
specifically targets mammalian LDLRAP1 which is 
evidence for cross-kingdom regulation by microRNA 
in humans which is a further proof regarding the 
mechanism of diet in the prevention of NCDs [81]. 
The role of physical inactivity in the pathogenesis and 
of moderate physical activity in the prevention of 
CVDs and other chronic diseases is well established 
[28].  

Recent guidelines and recommendations have 
emphasized the role of prevention, early diagnosis 
and treatment through protocol-based care as well as 
via targeted healthcare interventions not only to 
mitigate the negative impact of obesity, but also to 
more precisely measure and closely monitor high 
blood pressure and hypertension as established risk 
factors for most non-communicable diseases and 
CVD, in particular [91-95]. 

In brief, the Mediterranean style diet or designer 
foods (400-500g/day) substitution for western pro-
atherogenic foods (Table 2), in conjunction with 
moderate physical activity and cessation of tobacco, 
may be protective against CVDs and deaths and 
disability due to CVD and other chronic diseases in 
most of the low and high middle income and high 
income populations of the world who are highly 
susceptible to NCDs. 
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Abstract 
 

Background: Hypertension has become as an important 
cause of premature mortality and morbidity due to its major 
etiologic role in the development of coronary artery disease 
(CAD), stroke and renal failure. The present study aims to 
determine the validity of verbal autopsy questionnaire in 
our setting to find out the causes of death among known 
hypertensive patients. 
Subjects Design and Methods: Of 200 decedents 
approached from July 2013 to December 2013, relatives of 
only 118 responded for this study. All the families of these 
victims were contacted individually to find out the cause of 
deaths by verbal autopsy questionnaire. Every effort was 
made to find out the closest relative of the victim, who was 
present at the time of death of the deceased. A trained 
health worker completed the verbal autopsy questionnaire 
by asking leading questions in a structured interview. 
Clinical manifestations of the primary cause of death were 
collected by the principal investigator by asking leading 
questions over telephone. Further clinical data and 
investigations were collected from available records of our 
center and the board of experts examined all the available 
clinical data and finalized the cause of death of the victim. 
In case of available death certificate, mentioned cause of 
death was reassessed. Students t test and chi square test 
were used for comparison of the data. 
Results: Of 118 victims assessed; mean age at the time of 
death was 62.40 (SD 62.2years). Male victims were greater 
than females 72.9 vs 27.1%. Majority (71.2%) of the 
victims died due to hypertension related complications; 
33.3% due to stroke, 20.3% CAD and 17.8% chronic 
kidney disease. Rest 28.82% of the victims died due to 
other causes unrelated to hypertension, e.g. 10.2% due to 
malignancy and in 13.6%, the cause could not be 
determined. Only 15.5% of the victims who died due to 
hypertension related complications were under regular 
follow up. The mean follow up blood pressure were 
155.54/90.01 (uncontrolled), and mean duration of 
hypertension at the time of death was 5.77 years. Majority 
of the subjects were either illiterate or only literate having 
lower income farmers and house wives. 
Conclusion: Verbal autopsy accurately determined the 
causes of deaths in known patients of hypertension. CAD, 
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stroke and chronic kidney disease were common causes of 
deaths. Majority of the victims were from lower social 
classes. Ignorance and poor literacy rate appear to be the 
important risk factors for premature death among these 
patients. 
 
Keywords: Stroke, heart attack, hypertension, education, 
social class 

 
 

Introduction 
 
NCDs were estimated to have contributed to 

almost 60% of deaths in the world and among them 
about 80% occurred in the developing countries [1] 
Of total number of deaths, 51% of deaths in 
Bangladesh occur due to NCDs and other chronic 
health conditions [2] High blood pressure is an 
important preventable cause of mortality, and 
accounts for a substantial portion of global burden of 
disease. [3,4] People with hypertension have higher 
rates of mortality than people without hypertension, 
which is mainly due to vascular diseases [5,6] Among 
the NCDs, hypertension is the major risk factor for 
developing coronary artery disease (CAD), stroke, 
heart and renal failures and peripheral vascular 
diseases [7] Hypertension has been reported to be 
responsible for 57 per cent of all stroke deaths and 24 
per cent of all cardiovascular deaths in East Asians [8] 
A marked increase in prevalence of hypertension 
(from 11.3% to 17.9%) was observed in Bangladesh 
from 1999 to 2010. [9,10] In Rangpur division 
(Northern part) of Bangladesh prevalence of 
hypertension and pre-hypertension is 33.3% and 
29.9% respectively.11 Because of the high prevalence 
of this condition and the increased morbidity and 
mortality associated with this condition, the economic 
cost of hypertensive disease was estimated at $76.6 
billion in 2010. [12] Many developing countries with 
the highest burden of poverty and disease continue to 
lack routine, representative and high quality 
information on the causes of death.[13,14] This is 
crucial for health and development policies, health 
programs; program monitoring and evaluation 
purposes [15]. In this regard, mortality surveillance 
systems and demographic surveillance sites using 
validated verbal autopsy procedures appear to be a 
cost-effective alternative method for ascertaining 
cause of death and sustainable medium-term solutions 
[16,17]. As a result, verbal autopsy method has been 

an epidemiological tool for the last few decades to 
estimate cause specific mortality of child, maternal 
and adult deaths. [16, 18] 

Causes of deaths are less commonly known in 
developing countries, although hospital records 
indicate a rapid increase in mortality and morbidity 
due to NCDs. [19]. Due to religious considerations, 
autopsy is not possible in many countries, therefore 
WHO experts and the International College of 
Nutrition, International College of Cardiology and the 
Tim Tom Institute have developed a verbal autopsy 
questionnaire to find out the causes of deaths in these 
countries. [20, 21]. Verbal autopsy is a method by 
which we interview the relatives or health 
professionals to find out the signs, symptoms, 
attributes of social class and other characteristics 
experienced by the deceased before their death and 
the circumstances surrounding their death [22]. It is 
based on the assumption that most of the causes of 
deaths can be distinguished by their signs and 
symptoms and that these can be accurately 
recognized, recalled and reported by lay respondents 
[23]. Singh et al has shown that causes of deaths can 
be accurately assessed by a modified version of verbal 
autopsy questionnaire (WHO), based on medical 
records and interview of the family members [24]. In 
the present study, we report the estimates for the 
causes of death among known hypertensives, based 
on modified Singh’s verbal autopsy questionnaire24 
which is completed with the help of spouse and 
available medical records of the victim at our center. 

 
 

Methodology 
 

Populations and Methods 
 
Hypertension and Research Center, Rangpur was 

established on 14th November, 2008, serves only 
those patients with hypertension, to generate 
awareness of hypertension in the population of 
Bangladesh. Approximately, 12 thousand patients 
have been registered in this center till 2013. If any 
patient does not come for follow up for 3 months after 
the scheduled follow up visit, he/she is declared as 
drop out from follow up and a telephone call is given 
to know the cause of drop out. Our study was 
approved by the ethic committee of our center and we 
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took informed consent from the family members who 
were interviewed by our health worker. 

We have been successful in tracing 200 patients 
(by approximately 5000 telephone calls?), who died 
between November, 2008 to December, 2013. Of 
these 200 decedents, only 118 could be included in 
this study depending upon cooperation from the 
family members of the victim. Rest 82 victims could 
not be contacted due to non-cooperation and our 
failure in motivation of the family members of the 
victim. At least three calls were made before any 
subject or family was declared a non-contact or non-
replier; one in the morning, one in the evening, 
around 17.00 hrs, and the last one at the weekend. The 
family members preferably spouse of these 118 
victims, were contacted individually to find out the 
causes of deaths by verbal autopsy questionnaire. 

 
 

Verbal Autopsy Procedure 
 
Our health worker visited the household of the 

decedent, between July 2013 to January 2014, to find 
the closest relative son/daughter/wife/husband of the 
victim, who was present besides the deceased before 
the time of death. The family members, for 
motivation, were given to understand that inquiry 
about the cause of death aims to prevent illness and 
death in your other family members which can be 
done by changing the health bahaviour. The health 
worker was trained in understanding the questionnaire 
and in data collection, during the structured interview 
(Appendix 1). The interview consisted of a modified 
Singh,s verbal autopsy questionnaire [24] to record 
the socio-demographic and clinical characteristics of 
the deceased as well as clinical manifestations at the 
time of illness and cause of death. Symptoms and 
clinical data before the time of death were confirmed 
over telephone, and recorded by the principal 
investigator. Finally any available medical records or 
death certificate were collected from each of the 
family. The medical records, follow up status, 
modifiable risk factors of hypertension, investigation 
reports, know target organ damage and mean follow 
up blood pressure were collected from records system 
of Hypertension and Research Center, Rangpur to 
find the cause of death. A board consisting of 
internist, cardiologist, neurologist, nephrologist, 

endocrinologist, pulmonologist was appointed to 
review all the available clinical data to finalize the 
cause of death. In case of available death certificate, 
the mentioned primary cause of death was also 
assessed in the light of available evidence in our 
record system.  

 
 

Criteria of Diagnosis 
 
Hypertension was diagnosed due to presence of 

systolic or diastolic blood pressure or both ≥140/90 
mm of Hg (according to NICE guideline). Or any 
individual diagnosed as hypertension and currently 
taking antihypertensive drugs. 

 
 

Data Collection 
 
Data regarding attributes of social classes; 

education of the victim, occupation and family 
income as well as per capita income were collected by 
interview of close relative, preferably spouse of the 
decedents. Medical records of the victims were taken 
and examined from the register of medical records 
available at Hypertension and Research Center, 
Rangpur. 

 
 

Statistical Analysis 
 
The data were analyzed by SPSS windows 

version 17.0. The socio-demographic data of the study 
population were expressed in frequency distribution 
and their observed difference was tested by one 
sample‘t’ test and ‘chi square’ test. P value <0.05 was 
and two tailed t test were considered as statistically 
significant with the 95% confidence interval. 

 
 

Results 
 
Of 200 victims, whose families were contacted, 

118 family members volunteered for the interview. 
Mean age of the victims at the time of death were 
62.40 years and males were more common than 
female (72.9% vs 27.1%, P<0.01) (Table 1).  
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Table 1. Socio-demographic characteristics of the victims. Values are number (%) 
 

Variables Number (n=118) Percentage  
Mean age (SD)years 
Mean body weight (Kg/M2) 

62.40  ±12.21 
21.59 Kg/M2 

Sex-Male 
Female 

86  
32  

72.9%* 
27.1% 

Level of education 
Illiterate 
5 or less class 
>5-10 class 
>10-12 class 
Graduate and above 

 
16 
28 
40 
19 
15  

 
13.6% 
23.7% 
33.9% 
16.1% 
12.7% 

Occupation 
Housewife 
Agriculture 
Business 
Service 
Retired 
Others 

 
31  
36 
15 
34 
1 
1 

 
26.3% 
30.5% 
12.7% 
28.8% 
0.8% 
0.8% 

Monthly income 
<62.5 USD 
62.5-125 USD 
125-187.5 USD 
>187.5 USD 

 
33 
45 
30 
10  

 
28% 
38.1% 
25.4% 
8.5% 

*= P<0.01. 
 

Table 2. Causes of death among decedents with hypertension 
 

Cause of death Male (n=86) Female (n=32) Total (n=118) 
Stroke 29 33.7% 10 31.3% 33.1 (39) 
Coronary artery disease 19 22.1% 5 15.6% 20.3 (24) 
Chronic kidney disease 14 16.3% 7 21.9% 17.8 (21) 
Malignancy 8 9.3% 4 12.5% 10.2 (12) 
Diabetic ketoacidosis 1 1.2% 00 00 2.5 (3) 
Post diarrhoeal ARF 00 00 1 3.1% 0.8 (1) 
Traffic accident 3 3.5% 00 00 0.8 (1) 
Electric shock 00 00 1 3.1% 0.8 (1) 
Undetermined 12 14% 4 12.5% 13.6 (16) 

ARF= acute renal failure. 
 
Approximately 81.4% of the victims were from 

rural areas. Majority of the victims (57.6%) were 
educated from the 5th to 10th class and higher 
education was least common. The decedents were 
mainly house wives among females and farmers 
among males with poverty and ignorance (Table 1). 

Only 16.1% (n=19) of the hypertensive patients 
were coming for regular follow up, 30.5% (n=36) 
were on irregular follow up and 53.4% (n=60) did not 

come to any follow up (p value 0.00001558). Among 
victims who regularly or irregularly came for follow 
up, blood pressure was controlled only in 20%. 
Among the controlled hypertensive subjects, causes of 
death were unrelated to hypertension e g, malignancy, 
traffic accidents, electric shock etc in 45.46%, where 
as in uncontrolled hypertensive subjects, these causes 
were observed only among 25% (P value 
=0.1336144). 
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Majority of the victims (71.2%) died due to 
stroke, CAD and chronic renal failure (Table 2). Rest 
15.2 % of the victims died due to non-hypertension 
related diseases (e.g. malignancy, traffic accidents, 
electric shock etc). The causes of deaths were 
undetermined in 13.6%. (Table 2).  

Among the three leading cause of death; CAD, 
Stroke, chronic kidney disease, percentage of death 
was significantly higher among men than in women 
victims with stroke (p = 0.00234725) and CAD (p = 
0.00426594). (Figure 1) 

 

 

Figure 1. Proportions of deaths due to CAD, stroke and chronic kidney disease among men and women. CAD= Coronary 
artery disease, CKD= chronic kidney disease. 

 

Discussion 
 
High blood pressure is the leading cause of 

mortality around the world. Though prevalence, 
awareness and control rate of hypertension is 
increasing day by day, there is limited data on causes 
of death in hypertensive patients from South Asia 
[1,2]. Verbal autopsy questionnaire has been used to 
find out the causes of death among hypertensive 
subjects for the first time in Bangladesh. 

This study shows that 71.2% of the victims died 
due to complications of hypertension; 33.3% due to 
stroke, 20.3% due to CAD and 17.8% due to chronic 
renal failure (Table 2). Hua Cui et al have shown 
causes of death among elderly hypertensive patients 
in a hospital-based sample of Chinese subjects 
indicating cardiovascular disease in 45.2%, cerebro-
vascular disease in 34.3% and renal failure in 11.9%25 

It is clear that the proportions of deaths from 
cardiovascular and cerebrovascular disease are higher 

in this study compared to our study. A possible 
explanation may be that this study was a hospital 
based study carried out among the elderly patients in 
which these problems are more common (>60 years). 

Singh et al showed that using the modified verbal 
autopsy questionnaire allowed to diagnose 23.4% 
deaths due to heart diseases and 9.8% due to brain 
diseases, including stroke and inflammatory brain 
diseases [24]. However, Khademi et al used other 
verbal autopsy questionnaire based on WHO 
guidelines, where CAD could be diagnosed only in 
10.0% and cerebrovascular disease in 7.8% and rest 
causes of CV deaths were classified into the “other” 
causes of death [26]. In this study, only transport 
accidents were included in the questionnaires, but 
accidental deaths according to modified 
questionnaires were much higher (14.0% vs. 2.3%) 
[24,29]. Renal diseases including acute renal failure 
and chronic renal failure were the cause of death 
among 11.2% of victims, which are difficult to 
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diagnose using the other questionnaire [26]. Among 
“other” causes of death, comparing modified 
questionnaire, with WHO questionnaire revealed that 
there were 37.3 vs. 8.5 % deaths respectively, due to 
other causes which means that among one third of 
victims, causes of death could not be classified 
according to body systems [24-26]. Singh et al 
observed that using the modified questionnaires, most 
of the victims could be classified systematically, 
relatively more accurately, into various causes of 
death according to body systems [24]. In the present 
study, we used similar approach, but, in 13.6% 
victims, we failed to determine the cause of death, due 
to inadequate history from the relatives which may be 
due to illiteracy and ignorance. Suicides, AIDs and 
tuberculosis are possible causes of deaths in this 
subgroup, because these causes are not disclosed by 
the relatives due to socio-cultural reasons. 

Verbal autopsy questionnaire allowed the health 
workers to ascertain the clinical presentation of the 
victim during illness and up to death. These details 
may or may not be available in the medical records 
and from the spouse and other family members and 
doctors of the decedents.  

This information on probable cause of death 
related to each body system was reviewed by the 
internist physician (RNM) to assess the accurate cause 
of death among all the victims. In patients with 
known hypertension, using the modified 
questionnaires, most of the decedents could be 
classified systematically in accordance of target organ 
damage due to hypertension, relatively more 
accurately, into various causes of death (Table 2).  

Our verbal autopsy questionnaire appears to be a 
valid and reliable supplemental method to assess 
causes of death in a population where records of death 
are not yet maintained in a municipal corporation in 
any developing country. The success of our verbal 
autopsy may be due to the appropriate modifications 
made in the WHO and Singh’s questionnaires to adapt 
it to local setting and to known patients of 
hypertension (24). 

Verbal autopsy methodology and questionnaire 
appear to have many variations depending upon the 
investigators [14-18, 24-31]. In some of them, ICD 
coding system for the causes of death may not have 
been used and hence WHO has recently published 
instructions to improve In many low resource 

countries, verbal autopsy has been found to provide 
more valid causes of death compared to routine death 
certificates issued by the doctors [14-18,24-31]. 

In few studies using verbal autopsy for finding 
out the causes of death among adults, did not find 
similar results. Yang et al reported that verbal autopsy 
is not a very precise tool for assessing the leading 
causes of death among adults and provide only 
marginal support to this method [29]. It seems that 
verbal autopsy is a developing method which may be 
the cause of inconsistency in results in some of the 
studies [29]. 

This verbal autopsy method among known 
patients of hypertension appears to be a promising 
approach and of gold standard in identifying most 
precisely the exact cause of death which may be 
compared with postmortem. However, causes of 
deaths due to myocarditis, cardiomyopathy, 
pericarditis, aneurism of aorta and oesophgeal 
problems in relation to heart attack may be 
missed,unless records are available. One important 
weakness in our study is that we could not compare 
our results with causes of death obtained by death 
certificate alone verses verbal autopsy combined with 
medical records by using kappa statistics. 

In the verbal autopsy by Singh et al, only one 
internist physician reviewed the records of all the 
victims and only when diagnosis of cause was 
doubtful, a second opinion was taken from another 
internist physician [24] 

In our study a board of super-specialists was 
available to review the records to finalize the cause of 
death. It is possible that many people die at home due 
to lack of resources for hospitalization, although 
government hospitals provide free service to poor in 
most of the towns in developing countries.  

In future, use of MP3 players to compare audio 
(observed on computer) with paper record on a 5% 
population to determine the degree of concordance of 
the autopsy questionnaire can further improve the 
verbal autopsy.  

In a recent study, non-communicable diseases, 
sensitivity of the verbal autopsy diagnoses was 69% 
(CI, 62%–76%), specificity 78% (CI, 71%–85%) and 
positive predictive value 79% (CI, 73%–85%). 
Sensitivity was highest for stroke 68% (CI, 49%–
87%), and lower for respiratory diseases 24% (CI, 
3%–44%). [27] lower socioeconomic status, health 



Validity of Verbal Autopsy Questionnaire for Assessment of Causes of Death among Patients … 113

perception and low level of education can also be 
important. 

A few studies has shown monthly income of the 
hypertensive patients was <5000 BDT (62.5 USD). 
[11,32] In the present study majority of the 
hypertensive had monthly income 5000-10000 BDT 
(62.5-125 USD).  

The target organ damage of hypertensive patient 
in different study [11,33] was found 43.75%-44.5% 
which is similar to our study (39.83%) Figure 1 in our 
study, CAD, stroke and chronic renal failure were 
predominantly found among males, with a high male-
female ratio. This may be due to hormonal protection 
of female against cardiovascular diseases and 
dependency of the female to male to get health care 
facilities in developing countries. 

In brief, verbal autopsy appears to be an accurate 
method to find out the causes of death among known 
patients with hypertension. Majority of the 
hypertensive patients died due to target organ damage 
to different body systems; stroke, CAD chronic renal 
failure due to illiteracy and ignorance. A cohort study 
with large sample size will be needed to clarify the 
causes of death in hypertensive patients. 

 
 

Limitation 
 
Sample size was small and data were collected in 

some of the patients many days (even up to 4 years) 
after the death of the victims. 
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Appendix. I 
 

HYPERTENSION AND RESEARCH CENTER, Rangpur, Bangladesh. 
VERBAL AUTOPSY QUESTIONNAIRE Modified from Singh’s Verbal Autopsy Questionnaire 
INTERVIEW.  

Name and post of expert filling the Questionnaire……………………………………Telephone…………………. 
History given by: Spouse / Father / Mother / Sister / Son / Daughter / In-laws (tick) 
Education of person……………………………………  
Date………………..Place………………….Time of Interview…………….  
Unique ID…………………………….. 
 

GENERAL DATA: 
Name of Victim…………..…………Surname…… Sex……Age…  
Address……………………………………………………………………………………………… 
……………………………………Tel No…………………… 
1. Religion:  (a) Hindu  (b) Moslem   (c) Christian   (d) Sikh 
2. Final education of victim………Occupation of victim……………Family Type…… 
3. The date…………… Place ………………. and Time of Death……………….. 
4. Physically matching subject with victim/Name, address………  
 

CLINICAL DATA OF VICTIM. (By Medical Records) 
5. Family history of diabetes, hypertension, cholesterol, heart attack, stroke, cancer, Bronchitis, asthma, obesity, 

suicide, HIV, depression, psychosis, alcohol intake, tobacco. 
6. Any past history of above, illnesses (Name) 
7. Height ………cm ….Weight ….Kg, BMI… (Kg/M 2) 
8. Waist circumference…… cm, maximum hip circumference………WHR…… 
9. Blood pressure………….. mmHg,  Grey hair/Cataract/Wrinkles. (Tick) 
10. History of surgery……… 
11. Chest Pain. …………..………………………………………….. 
12.CLINICAL MANIFESTATIONS.(Ask leading questions to know the symptoms) 
Headache, vomiting, fever, loss of consciousness, convulsions, breathlessness, chest pain, sweating, palpitation, 

heaviness in chest, nausea, vomiting, coughing, burning in urine, decrease in urine, h/o depression, diabetes mellitus, 
heart attack, sudden cardiac death, paralysis, trauma etc., loose motions with persistent vomiting, persistent headache 
with fever and vomiting, persistent cough with high fever; 

Yellow eyes, bleeding from any part of body. 
 

Table. Causes of deaths reported based on available records and verbal autopsy (modified from WHO) 
(Ask leading questions to know the system involved) 

 
Cause of death based on Death Certificate        interview of Spouse/relative/ Doctor Final cause  

 
1. Circulatory diseases; Coronary artery disease, Sudden cardiac death, Diabetes, Vascular disease, Valvular heart disease, 

Inflammatory cardiac disease.  
2. Nervous system diseases; Cerebrovascular disease, Meningitis, encephalitis.  
3. Malignant neoplasm; Lung, oral, liver, stomach, breast, uterus, cervix, ovary.  
4. Injury- accidents; Unintentional, road accidents, poisonings, fires, falls, drowning.  
5. Renal diseases. Acute renal failure, chronic renal failure. 
6. Pulmonary diseases; Chronic bronchitis, asthma, tuberculosis, acute pulmonary infection.  
7. Liver diseases; Hepatitis, cirrhosis  
8. Miscellaneous; Pregnancy and perinatal, suicide, congenital anomalies.Burns, Diarrhoea/dysentery.  
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Introduction 
 
Life on earth is governed by the 24 hour day and 

the continuous 24-hour cycle of light and darkness 
which appear to have definite influence on biological 
functions [1,2]. Time structure dependent 
synchronization of organisms with their environment 
is mediated by circadian clocks which is a cell 
autonomous mechanism identified within all 
cardiovascular-relevant cell types, including 
cardiomyocytes, endothelial cells as well as smooth 
muscle cells [1,2]. Physiological functions; blood 
pressures, hear rate, blood glucose, energy intake and 
expenditure also change, predictably throughout this 
24 hour cycle, enabling us to anticipate predictable 
environment fluctuations over the day and to optimise 
the timing of various biological mechanisms to this 24 
hour cycle [1,2]. Any disruption of this environmental 
cycle and/or the molecular mechanisms that interpret 
it add a third dimension to this equation resulting in to 
a dysfunction or development of a disease. The best 
example is blood pressure variation, but applies also 
to other mind-body mechanisms involved in 
cardiovascular homeostasis, such as the autonomic 
nervous system, electrophysiological myocardial 
function, myocardial metabolism, heart rate, 
endothelial function, haemostasis, as well as nutrient 
(salt, alcohol, antioxidants, vitamins, minerals, amino 
acids, lipid and carbohydrate) metabolism. Circadian 
misalignment due to environmental factors, has been 
implicated in the development of obesity, diabetes 
mellitus, and cardiovascular disease [1-3]. 

Halberg, the father of chronobiology, continue to 
educate what Barter said about circadian blood 
pressure variability [4,5]. Except to ascertain whether 
a patient is dead or alive, in all other cases, the 
clinician may gain from assessing chronobiologically 
the variability of heart rate and blood pressures, 
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electrophysiological functions and other vital signs 
that undergo a broad spectrum of rhythmic and other 
changes. Rodents are monitored to develop drugs, but 
not the humans for whom the drugs are intended. It 
took over half a century to begin to monitor blood 
sugar levels and to know the role of rapid glucose 
variations in the development of complications of 
diabetes mellitus. The role of primary risk factors; 
diet, physical activity, salt, stress and alcoholism, in 
patients with prehypertension or diabetes mellitus and 
its complications, particularly vascular diseases, needs 
further monitoring [1-4].  

Monitoring blood pressure is equally timely, 
technically feasible for individual home- and website-
based personalised care. Variations in blood pressures 
are related to time structure as well as to mind body 
connection [1-3]. 

Chronomedicine serves basic science and perhaps 
the management of societal illnesses; cardiovascular 
diseases (CVDs), diabetes mellitus, psychological 
disorders, degenerative brain diseases and cancer 
which are predisposed by primary risk factors and risk 
behaviours. 

It is superfluous that hypertension experts around 
the world want to administer drugs to these subjects 
without knowing their exact blood pressures. It may 
be due to ignorance or convenience but indicate their 
business partnership with the company supplying the 
drugs. We have forgotten the old dictam that find out 
the cause of the disease and treat it. It is well known 
that the cause of hypertension lies in diet and lifestyle, 
so better is to change it for treatment of 
prehypertension.  

Otsuka et al have reported the role of 
chronoecological health watch on arterial stiffness 
and neurocardiopulmonary function in elderly 
community at high altitude (3524m) compared with 
Japanese town indicating that living on high altitude 
may have adverse effects on health [6,7]. These 
adverse effects due to environmental factors may be 
modulated by antihypertensive foods and lifestyle 
rather than antihypertensive drugs because it is 
change in diet and lifestyle which are actual causes of 
CVDs [8,9]. 

In everyday life, the suprachiasmatic (SCN) and 
clock gene present in every living cell, contribute to 
the coordination of the circadian rhythms’ phase and 
amplitude, (Figure 1) [1-4]. There is emergence of 

cardiovascular events, when our neuroendocrine time 
structures (chronomes) are not able to cope with the 
adverse effects of stimuli from within or from 
without, acting, e.g, via the sympathetic nervous 
system [2-4]. Circadian rhythms of various 
biomarkers of health have been observed after its 
discovery by Franz Halberg, which are under control 
of circadian clocks present in all body cells and under 
influence of master clock present in SCN [10,11].The 
evolution of circadian clocks have occurred to 
synchronize the physiology, metabolism and behavior 
to the 24-h geophysical cycles of the earth [1-3]. 

The words circadian and chronobiology were 
used for the first time by Franz Halberg in 1950 and 
officially introduced to a nomenclature committee in 
Stockholm for the first time in 1955 [10,11]. 
Chonobiology developed globally, after1969, when an 
article entitled Chronobiology was published in the 
Annual Review of Physiology and became a Current 
Content citation classics [10-12]. 

In the BIOCOS project, an extended consensus 
on need and means to detect vascular variability 
disorders (VVDs) and vascular variability syndromes 
(VVSs) have been proposed by Halberg and his 
followers (12). However, research, by Vanin et al. 
2012 suggests that much of scientists’ current 
understanding about Drosophila circadian behavioral 
rhythms may actually be wrong [13]. The experiment 
emphasizes the importance of studying organisms in 
natural environments and challenges 40 years of 
assumptions about circadian clocks studied in the 
laboratory [13]. 

The mystery of flies behaving in the wild suggest 
that the body clock in a wild, natural environment, 
shows features, that are impossible to observe in 
simplified laboratory conditions. It seems that the 
behavior of the fly in the wild is quite different from 
what is seen in controlled conditions in the laboratory.  

The fly may be able to adapt its molecular 
mechanisms in the laboratory which is not its natural 
environment. This may be similar to men, when his 
blood pressure is measured in the physicians chamber 
rather than in his environment. It would be important 
to know the origin and evolution of circadian rhythm 
to understand its role in CVDs. 
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The Evolution of Circadian Rhythm 
and Cardiovascular Events 

 
Circadian rhythm was known to ancient man 

from the time of Homo erectus and Homo sapiens 
who use to have intercourse in the early morning 
hours, before going for hunting to forests, causing 
increased release of testosterone in the morning to 
coordinate the sexual activity, which evolved as a 
circadian rhythm. This act was important to protect 
the progeny because life expectancy was not very 
high and early men died due to trauma in young age. 

It has been also proposed that during human 
evolution, early man used to go for hunting near the 
river banks where animals come for drinking of water 
at sun rise [1,2]. The early man had marked 
excitement during running, climbing and may be 

horse riding while going for hunting, causing marked 
increase in mental and physical stress, with increased 
release of catecholamines and cortisol with excessive 
sweating [1,2]. These physiological and biochemical 
changes may have been responsible for the origin and 
the evolution of the circadian rhythm of increased 
sympathetic activity causing increased blood 
pressures, heart rate, breathing rate and endothelial 
dysfunction; the cardiovascular biomarkers which are 
known to predispose cardiovascular events as well as 
greater basal metabolic rate in the second quarter of 
24 hour cycle. (Figure 1) [1,2]. 

Figure 1 indicates that refined carbohydrates, w-6 
fatty acids may have adverse effects on circadian 
rhythms whereas w-3 fatty acids and antioxidants may 
have beneficial effects. 

 

 

 

Figure 1. Control of daily phythms by molecular clock. 

It is proposed that a circadian increase in basal 
metabolic rate in the morning as a circadian rhythm 
compared to evening, may be responsible for 
increased energy expenditure by the body during this 
period. Halberg utilized timing for meals in the 
morning and evening and demonstrated that eating 
same amount of energy in the morning causes 

decrease in body weight compared to evening causing 
increase in weight [14]. Recently, Cornelissen has 
reviewed “When you eat matters: 60 year,s of Franz 
Halberg, s nutrition chronomics “. [14]. Figure 2 
shows the effect of feeding in the wrong time on 
weight gain in men and bottom on death or survival in 
mice [14].  
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Timing of calories determines outcomes (gain vs. loss in weight, top; deaths vs. survival, bottom). 

Figure 2. Effect of feeding in the wrong time on weight gain  in men and bottom on death or survival in mice. 

These contributions have far-reaching 
implications, whether for feeding the under-nourished 
in populations stricken by starvation, or for managing 
one of today’s great scourges in the more opulent 
countries, namely obesity. The use of a calorie 
consumed in the morning differs from that of one 
ingested in the evening, contributing, as he also 
showed, to different hormonal relations prevailing 
when a single daily meal is taken as breakfast-only or 
dinner-only. Important mechanisms underlying 
metabolism as they relate to health and longevity 

uncovered by Franz in the innumerable studies he 
designed and conducted on several continents remain 
beyond the frontier of current scientific investigations, 
attesting to his visionary leadership, his ability to look 
at the facts without any preconceived ideas, and his 
truly amazing humility and eagerness to serve. 

The role of nutrition in chrono-cardiovascular 
dysfunction has also been reported by Singh and 
coworkers [15]. In one study among 209 adults, 
increased heart rate and MESOR blood pressures 
were observed in the second quarter of the day [16]. 
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Fruit and vegetable intake were inversely associated 
with MESOR hypertension [17]. In another study 
measuring heart rate and blood pressure, half hourly 
for 7 days, larger circadian amplitude of heart rate 
associated with active prayer were observed in Hindu 
Indians in Asia [18]. The circadian rhythm of 
antioxidant vitamins and oxidative stress have also 
been observed to protect against the oxidative stress 
caused by catecholamine in the second quarter of the 
24 h cycle [19]. 

Diet and lifestyle factors and geophysical cycles 
may trigger the circadian system; neuroendocrines 
and may activate the pineal gland, pituitary functions 
and adrenal secretions, resulting in adverse effects on 
circadian variations, heart rate variability(HRV) and 
blood pressure variability (BPV) sleep disorders, 
obesity and cardiovascular disturbances [1-3]. 
Circadian rhythms (24-hour) and also possibly 
cicaseptan rhythms of behavioral and physiological 
changes driven by oscillating biochemical 
mechanisms, are present in almost all organisms, 
including humans and even in some bacteria [1-3]. 
Many human health problems have a rhythmic 
component, including change in temperature, heart 
rate and blood pressures as well as other biomarkers 
as in cases of cancer and atherothrombosis [1,2]. 
Cornelissen et al proposed that Chronobiology 
predicts actual and proxy outcomes when dipping 
fails [20]. 

Exercise as a synchronizer of human circadian 
rhythms of coagulation and other biomarkers have 
been reported which may alter the natural course of 
circadian rhythms of cardiac dysfunctions [21]. One 
of our study shows that morning time exercise may be 
helpful in adaptation of our cardiovascular responses, 
causing less increase in MESOR hypertension and 
heart rate which may be protective against increased 
circadian rhythms of cardiovascular events [21]. A 
Mediterranean style diet rich in fruits, vegetables, nuts 
and w-3 fatty acids and flavonoids may be protective 
against the adverse effects of circadian rhythms of 
cardiac events [22]. In clinical studies circadian 
rhythms of cardiovascular events have been observed 
by several workers [1-4,15,23,24]. More recently, 
Wilson et al have published an interesting view point 
the origin of life and the evolution of circadian system 
[25]. Extended consensus on need and means to detect 
vascular variability disorders (VVDs), and vascular 

variability syndromes (VVSs) and the role of brain-
body interactions are not yet popular among most 
experts although they are wisely described by Halberg 
[12]. Definition of ambulatory blood pressure targets 
for diagnosis and treatment of hypertension in relation 
to clinic blood pressures is based on 24-48 hours 
records which ignores the presence of circa-septan 
variability in blood pressures as well as VVS and 
VVDs indicating that 7 day record may be important 
preferably during working conditions to diagnose 
prehypertension or hypertension and premetabolic 
syndrome [12]. 

Concerning (internal) evolution within organisms 
as well as about an external one with their 
environment, a distinction has been made. Now 
Halberg make a third distinction, as we learn from 
Vernadsky's noosphere, which he regarded as a linear 
rather than cyclic entity, while we also think yet 
further scrutize the human mind's modification of the 
crust of the earth. Halberg also reported a 
transdisciplinary set of coperiodisms, a chrono-
noosphere or rather, a chronousphere evolves. This is 
a feature of active rather than only passive 
bioevolution, a feature of cosmic evolution. There the 
problem of cyclic universes looms large. 

In brief, circadian rhythm evolved with evolution 
of life but was discovered by Franz Halberg for the 
first time in relation to variability of various 
biological functions according to time structure 
resulting in to development of chronobiology, 
chronocardiology and chronotherapy.  
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Abstract 
 

The popular perception that Coronary Artery Disease 
(CAD) is a man’s disease is more of a myth than reality. It 
is the leading cause of death in adult women. Women with 
coronary artery disease have a worse outcome as compared 
with their male counterparts especially the younger ones 
and should be treated aggressively. CAD in women has 
certain unique features. Symptoms appear 10 years later in 
women than in men. The diagnosis is often missed due to 
the atypical clinical presentations. It has been observed that 
women commonly have normal coronaries on angiography 
but that does not mean that it is a benign condition. 
Inflammation, microvascular disease, endothelial 
dysfunction, coronary spasm and plaque erosion probably 
play an important role in the pathogenesis of ischemic heart 
disease in women. In addition their vessels are smaller with 
impaired vasodilator responses and lesser collaterals 
explaining the unfavorable outcome. Non ST elevation 
syndromes are more common than STEMI in women. 
Awareness of these peculiarities can help in early diagnosis 
and timely treatment. There is need to develop newer 
gender specific diagnostic strategies to detect ischemia in 
women and to plan appropriate treatment modalities. 
 
Keywords: Coronary artery Disease, Women 

 
 

1. Introduction 
 
It is a misconception that Coronary Artery 

Disease (CAD) is less common and less severe in 
women. The vague discomfort experienced in the 
chest by women is often mistaken for indigestion .Not 
only the women but their health care providers also 
underestimate this risk with consequent absent or 
suboptimal recommendations for coronary disease 
prevention and treatment. During the reproductive age 
women do have a lower incidence of CAD, but after 
menopause the incidence is the same or higher. 
Between 45 to 64 years of age, one in nine women 
develop some form of heart disease. After age of 65, 
the ratio climbs to one in three. 
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It is a leading cause of death for women 
throughout the world. Since 1984, more women than 
men have died of heart disease. But in recent years, 
women, particularly the younger ones have 
experienced improvements in hospital mortality.[1] In 
one recent study whereas after ST elevation 
myocardial infarction (MI) the short term mortality 
was the same in men and women, after Non ST 
elevation MI and unstable angina it was lower in 
women after correction for age and risk factors. [2] 
However this is not a signal that all is well. Women 
are still at an immense risk from CAD. 

Compared with men, they have worse outcomes 
after myocardial infarction. [3] They have more 
persistent symptoms, more episodes of angina, more 
frequent hospitalizations and higher health care costs. 
[4] At presentation to hospital women with MI are 
more likely to have a higher Killip class, tachycardia, 

atrioventricular block, and pulmonary rales. 
Complications including shock, heart failure, cardiac 
rupture and stroke are more common in women; 
although these gender differences lessen with 
correction for comorbidity and older age. [5] Women 
especially the younger ones also have higher rates of 
sudden cardiac death prior to hospital arrival 
compared with men.[6] Paradoxically despite higher 
rates of myocardial ischemia women have less 
extensive and less severe anatomical obstructive 
coronary artery disease. [7] They are more prone to 
have diastolic heart failure. In fact Coronary artery 
disease in women not only differs in the age of 
manifestation but also has certain unique features with 
regard to pathophysiology , clinical presentations, risk 
factors and investigation modalities Table 1 & 2. 

The reasons for these discrepancies are poorly 
understood and many theories have been proposed.  

 
Table 1. Major gender differences in coronary artery disease with regard to pathophysiology  

and investigation modalities 
 

 Females Males 
Pathophysiology Diffuse plaque more common Focal Obstruction more common 

Normal coronary angiograms in 20-30% patients. Normal coronary angiograms in 6-10% 
Microvascular disease more  common Microvascular disease less common 
Coronary vasospasm more common Coronary vasospasm less common 
Smaller vessels, impaired vasodilator  responses, lesser 
collaterals,endothelial dysfunction more  common  

Less common 

Plaque erosion more common Plaque rupture  more common   
Lesser atheroma volume More atheroma volume 

Investigations Exercise stress testing the specificity and positive 
predictive value are significantly lower in women 

Specificity and positive predictive value are 
comparatively more. 

Cardiovascular magnetic resonance more useful to 
detect above abnormalities 

Comparatively less useful 

Women are more likely to have elevated C-reactive 
protein 
(hs CRP) and Brain Natriuretic Peptide (BNP). 

Men are more likely to have elevated 
creatine kinase MB and troponins 

 
Table 2. Major gender differences in coronary artery disease with regard to risk factors, social factors  

and clinical presentation 
 

 Females Males 
Risk Factors Menopause and birth control pills along with smoking risk 

factors in women 
No 

Diabetic women have significantly higher IHD mortality and 
cardiovascular complications as compared with diabetic men. 

Comparatively less significant  

Hypertriglyceridemia is a more potent independent risk factor 
for women as compared to men 

Comparatively less significant 

Truncal obesity and increased body mass index (BMI) have 
recently been proposed as potential independent risk factors 

Comparatively less significant 

Systolic blood pressure rises more steeply in ageing women 
compared with men 

Comparatively less significant 
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 Females Males 
Social 
factors 

Generally receive suboptimal and less-aggressive therapy 
following cardiac ischemic events especially in India 

Receive adequate therapy 

Clinical 
presentations 

Women present more frequently with  non–ST-elevation 
myocardial infarction (NSTEMI) 

Men often have ACS with ST 
elevation (STEMI) on 
presentation with a much less 
marked sex difference among 
older patients 

Stable angina (47% in women compared to 26% in men)  

Anginal equivalent shortness of breath more common Less common 

Nausea, indigestion, gastrointestinal symptoms and dizziness 
more common 

Less common 

Sense of constriction in the chest , throat ,jaw or neck and  
back pain more common presentation 

Less common 

Diffuse discomfort more common classic crushing chest pain more 
common 

 

 

Figure 1. Progression of plaque disease without luminal narrowing. 

 

2. Pathophysiological Mechanisms  
of Ischemia in Women 

 

2.1. Normal Angiograms 
 
In Acute Coronary Syndrome (ACS) /ST segment 

elevation MI (STEMI), 20-30% women as compared 
to 6-10% men have “Normal” coronary angiograms, 

defined as no visible obstructive CAD or luminal 
irregularities and <50% stenosis. [8] In one study it 
was observed that 20% to 30% of women with 
troponin-positive acute coronary syndrome had no 
obstructive coronary artery lesions.[9] The 1970s 
Coronary Artery Surgery Study included women, who 
made up about a quarter of the 25,000 participants 
and for the first time observed that a woman with a 
positive stress test was 4.5 times more likely than a 
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man with a positive stress test to have an angiogram 
without any obstructive lesion. It was initially 
concluded that the stress test is less reliable in 
women. However it was observed that even women 
whose coronary arteries were clear continued to die 
from ischemic heart disease (IHD). In 1996, the 
National Institutes of Health (NIH) decided that these 
gender disparities couldn’t be ignored any longer and 
decided to undertake the Women’s Ischemia 
Syndrome Evaluation (WISE) study which was 
designed to optimize symptom evaluation and 
diagnostic testing in IHD and to explore mechanisms 
for myocardial ischemia in the absence of epicardial 
coronary artery stenoses. The WISE study results 
have advanced our understanding of the nature of 
myocardial ischemia in women and also explained the 
normal coronary angiograms. As expected, many 
symptomatic women with positive stress tests had 
negative angiograms. But many of these women had 
abnormal results on vascular function tests. It was 
concluded that functional rather than structural 
abnormalities of the coronary circulation were 
possibly implicated in causing ischemia in women. 
[10] 

 
 

2.2. Microvascular Dysfunction, Vascular 
Inflammation and Endothelial Dysfunction 

 
Other explanations put forward to explain the 

clean coronaries with excess mortality and morbidity 
include increased prevalence of microvascular disease 
in women. Microvascular Coronary Dysfunction 
(MCD) is a condition affecting the pre-capillary 
coronary arterioles, which branch from the epicardial 
coronary arteries, but occur before the capillaries. It is 
defined as a limited coronary flow reserve and/or 
coronary endothelial dysfunction and is thought to be 
the predominant etiologic mechanism of ischemia in 
women with the triad of persistent chest pain, non-
obstructive coronary artery disease and ischemia 
evidenced by stress testing. 

Microvascular dysfunction may include the 
following alone or in combination: (1) Altered resting 
vascular smooth muscle tone secondary to either 
smooth muscle cell dysfunction or abnormalities of 
the vascular endothelial cells, which are unable to 
produce enough nitric oxide leading to suboptimal 

dilatation . (2) Non-endothelial auto-regulation of the 
micro vasculature with altered responses to 
constrictor or dilator stimuli; (3) reduced number of 
arterioles and capillaries (eg, rarefaction); and (4) 
structural alterations that contribute to decreased 
lumen size, increased wall-to-lumen ratio, increased 
stiffness and remodeling. The presence of endothelial 
dysfunction in women and differences in vasodilatory 
reserve has been refuted by some later studies. [11] 

 
 

2.3. Coronary Reactivity 
 
Women suffer disproportionately from a variety 

of generalized vascular disorders, including migraine 
headaches, Raynaud's phenomenon and autoimmune 
arteritis etc. The WISE study also considered the issue 
of abnormal smooth muscle contraction in the 
epicardial coronary arteries. Recent evidence is 
suggestive that coronary vasospasm may be the 
dominant etiology of acute myocardial ischemia in 
women. This may explain the poor sensitivity and 
specificity of the routine myocardial perfusion tests 
because this spasm may be transient. 

The role of coronary reactivity in Prinzemetal’s 
angina is well known and is characterized by 
abnormal proximal epicardial coronary artery 
vasospasm modulated by smooth muscle dysfunction. 
It is now clear that constriction of intra-myocardial 
microvascular arteries mediated by endothelial and 
autonomic nervous system adrenergic pathways are 
also involved in producing ischemia. [12,13]. 

Coronary spasm especially in vessels with a non-
obstructive atheroma can cause myocardial infarction 
and sudden death [14,15]. It is notable that pathologic 
evidence of MI may exist in the absence of 
obstructive CAD in women. [16] and may be due to 
the causes explained above. In most studies, more 
than 90 percent of patients with stress 
cardiomyopathy are women, a condition associated 
with high levels of adrenalin, irregular or fast heart 
beating and heart failure. Fortunately, these are most 
often reversible. Tragically, the condition may result 
in sudden death in the most extreme cases—“She was 
scared to death.”Furthermore the acute stress-induced 
cardiomyopathy (Tako-Tsubo disease) is more than 
nine times prevalent in older women than in men and 
may occur more frequently than it is currently 
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diagnosed. [17] It is thought to be due to coronary 
vasospasm and microvascular dysfunction.  

Thus coronary spasm may play an important role 
in producing ischemia in women. Indeed, a recent 
study identified provoked coronary artery spasm in 
50% to 70% of acute coronary syndrome patients 
without obstructive lesions. [18]. 

 
 

2.4. Smaller Vessels with Lesser Collateral 
Circulation 

 
Besides the functional abnormalities, on an 

average, women have vessels 10% smaller than men’s 
with lesser collateral circulation leading to increased 
incidence of ischemia during increased myocardial 
work. These vessels frequently show impaired 
vasodilator responses. Therefore an area of ischemic 
injury can extend because the usual vasorelaxation 
required for collateral function is abnormal. This 
theory could help explain why women tolerate Acute 
Coronary Syndromes poorly compared with men. 

The assessment of Non obstructive Coronary 
Artery Disease (NOCAD is not well established. The 
gold standard test to diagnose Microvascular 
Coronary Dysfunction (MCD) is an invasive coronary 
reactivity testing. [19] Coronary vasospastic angina 
can be diagnosed by the acetylcholine-provocation 
test during coronary angiography, and microvascular 
coronary spasm can be diagnosed by measurements of 
coronary blood flow and myocardial lactate 
production during acetylcholine-provocation test. 
Microcirculatory insufficiency and diffuse 
arteriosclerosis can be evaluated by the measurement 
of coronary blood flow during adenosine-provocation 
and by stress myocardial scintigraphy. [10] Imaging 
techniques like CMR and SPECT evaluate left 
ventricular myocardial blood flow, which is 
downstream of both obstructive CAD and 
microvascular dysfunction. The subendocardium is 
most susceptible to perfusion impairment and 
ischemia occurs in the subendocardium before 
advancing to the subepicardial layer. Subendocardial 
perfusion imaging may therefore be an important 
technique to enhance the sensitivity for detection of 
myocardial ischaemia especially in women. 

Digital Reactive Hyperemia Peripheral Arterial 
Tonometry (RH-PAT) has been investigated in 

predicting ischemic heart disease (IHD), including 
obstructive coronary artery disease (CAD) and 
nonobstructive coronary artery disease in women and 
found that RH-PAT noninvasively predicted the 
presence of IHD, especially NOCAD, before coronary 
angiography. RH-PAT is a potentially useful clinical 
test and can effectively help to identify high-risk 
women with chest pain. [20]. 

 
 

2.5. Female-Pattern of Atherosclerotic CAD 
 
Coronary artery disease in women is very 

different from coronary disease in men. This illness in 
men produces focal obstructions of the artery that 
cause chest pain with exercise that is relieved by rest. 
Female pattern of CAD is a poorly recognized form of 
atherosclerotic CAD that is seen mainly in women. 
Structurally, women’s coronary vessels more 
commonly have a more diffuse atherosclerosis with 
involvement of the entire circumference of the artery, 
and not just localized plaques. This cholesterol plaque 
is distributed evenly throughout the arterial system 
producing arteries that are small and with less focal 
obstruction. Still, these plaques can rupture and 
produce clot. Not only is the plaque deposition in 
women diffuse, but it remodels the entire artery 
outward and the lining of the artery becomes 
thickened throughout, making the plaques flush with 
the wall of the vessel . The atherosclerotic lesion 
protrudes outward rather than impinging on the 
lumen.[21] They may therefore be very large before 
producing any obstruction. This diffuse, vulnerable 
plaque in women explains why women with repeated 
chest pain in the WISE study still had a high risk of 
heart attack and other cardiovascular events, even 
with a normal heart catheterization. There is evidence 
that coronary vessels of women with IHD are more 
diseased compared to men [22]. 

 
 

2.6. Plaque Lesions with Erosion and Distal 
Embolisation 

 
In women, the plaque is more likely to be 

deposited uniformly around the inside of the vessel. 
The stiff interior walls tend not to rupture under stress 
but rather, to erode. It may be produced as a result of 
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vasospasm. In erosion pathology the endothelial cells 
on the vessel wall are eroded, leaving a raw surface 
that causes a thrombus to form in the lumen of the 
artery. This may be just as, if not more, important as 
the plaque rupture. Plaques with endothelial loss and 
surface erosion are associated with clusters of smooth 
muscle cells and proteoglycans at the luminal surface 
and may be similarly vulnerable to acute thrombosis 
as are lipid-rich plaques. [23]. Plaque erosions are the 
predominant abnormality in premenopausal women 
who die suddenly especially those who smoke 
whereas rupture of plaques is more common in older 
women and in men. [21]. Plaques with these 
superficial erosions do not, by themselves, cause 
critical obstruction but can still result in sudden death. 
[23] In such cases, the coronary obstructions are 
precipitated largely by the thrombi that develop on the 
dysfunctional intima. 

In one study in plaque ruptures on pathological 
examination nearly one-half of the thrombi were 
classed as being in early stage of maturation, with the 
remaining (50%) categorized as at late stage. In 
contrast coronary thrombi in fatal erosions are often 
in later stages of maturation as compared with 
ruptures. [24] However this greater thrombus 
organization in erosion occurs in the deeper regions of 
the thrombus where it mixes with plaque but there is 
persistence of platelet aggregates near the luminal 
surface, where this dynamic process might constitute 
a persistent nidus for distal embolization. 
Microemboli and arrhythmia due to ischemia may be 
the final triggers of sudden death in plaque erosions.  

Intravascular ultrasound studies (IVUS) have 
demonstrated that in minimal angiographic coronary 
artery lesions, there is often extensive atherosclerosis 
commonly obscured by remodelling of the arteries. 
The lesions do not impinge on the lumen. Plaque 
rupture was the most common finding but erosions 
were also seen. Evidence for plaque disruption by 
IVUS was present in almost 40% of women with ACS 
and nonobstructive CAD or "normal angiograms." 
Since angiography was normal in these cases it was 
hypothesized that plaque disruption as observed in 
these studies on intravascular ultrasound was 
accompanied by either a distal embolization of 
atherothrombotic debris or platelet aggregates or by 
transient thrombosis with endogenous thrombolysis, 
leading to widely patent arteries by the time of an 

angiography done a median of two days after 
symptom onset. [25]. Half of the women (11 of 22) 
without IVUS evidence of plaque disruption showed 
an ischemic pattern on cardiovascular magnetic 
resonance (CMR). Spasm could have accounted for 
an ischemic pattern on CMR, particularly in the 
absence of plaque rupture. [26]. 

In women with angiographic coronary artery 
disease a lower atheroma volume than in men, 
including both intraluminal plaque and atheroma 
within the media, has been reported. [27] 

 
 

2.7. Combined Effect of all Factors 
 
It is apparent that more than one of the above 

factors can combine to produce ischemia. Overall 
there is less plaque burden in women with coronary 
artery disease which is prone to erosion, inflammation 
and thrombosis. The intimal plaque not only changes 
the vessel geometry but also interferes with functions 
of the endothelium, including vasodilation. 

Microvascular dysfunction would have the 
potential to amplify the consequences of an upstream 
spastic or thrombotic event. The concept of coronary 
artery spasms with minimal atherosclerosis has been 
introduced. Disruption of the plaque when coupled 
with vasospasm and microvascular disease could all 
play a part in producing ischemia in women. [28] 
Thus ischemic heart disease may be a more 
appropriate term rather than coronary artery disease. 
However more research is needed to support these 
theories. 

 
 

2.8. Role of Circadian Variations in Ischemic 
Activity in Women 

 
Biological timekeepers exist which are 

genetically controlled, and are important factors in the 
biology of organisms. Blood pressure fluctuates 
rhythmically. [29,30,31]. There is circadian variation 
in coronary events and sudden cardiac death. 
Episodes of prinzmetal angina and angina associated 
with ST depression show circadian variation with 
peak occurance in the morning and 1 to 3 hours after 
awakening. The circadian variations in transient 
ischemic activity, mean heart rate and ischemic 
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threshold have been compared in women and men 
with coronary artery disease and it was found that 
there was a similar and significant circadian variation 
in ischemic activity in both men and women. There is 
lower nocturnal ischemic threshold due to lower 
blood pressure consistent with circadian variation of 
coronary vascular tone [32]. 

 
 

3. Types of Coronary Syndromes 
in Women 

 
The duration and severity of blood flow 

impairment determines the severity of the acute 
coronary syndrome which could range from unstable 
angina to myocardial infarction (MI).[28] Women 
present more frequently with non–ST-elevation 
myocardial infarction (NSTEMI), whereas men often 
have ACS with ST elevation (STEMI) on presentation 
with a much less marked sex difference among older 
patients. [33,34]. This finding may reflect different 
pathophysiologic processes, with ST elevation being 
secondary to occlusive thrombus and unstable angina 
reflecting subtotal occlusion. According to the 
Framingam Heart study the initial manifestation of 
CAD was more commonly stable angina (47% in 
women compared to 26% in men) which carries a 
good prognosis due to women's lesser angiographic 
disease burden .It is to be noted that if women do 
have MI, consequences are quite serious especially in 
the younger women. 

 
 

4. CAD in Younger Women 
 

The pathophysiology of coronary heart disease in 
premenopausal or middle-aged women may differ 
from the disease of older women and of men. 
Younger women under 65 years of age, who have a 
myocardial infarction (MI), have poorer outcomes as 
compared to men. Women less than 50 years of age 
are more than twice as likely to die during 
hospitalization than men in that age group.[35] 
Strikingly increased incidence of sudden cardiac 
death before reaching the hospital also has been 
reported in younger women aged 35 to 44 years. 
These women who die suddenly of coronary 
thrombosis are often cigarette smokers. They may 

have a hypercoagulable state, coronary spasms or 
microvascular disease with plaque erosion with lesser 
coronary narrowing & plaque calcium. Women 
beyond 65 who die suddenly of coronary thrombosis 
have high cholesterol, have plaque rupture with 
severe coronary narrowing and far more plaque 
calcium as in case of men and there is no differences 
in the mortality rate as compared to men. [5] It is 
possible that sex differences in vessel size, vasodilator 
responses and inadequate collateralization especially 
in the younger women who are totally unprepared are 
responsible for unfavorable outcomes after STEMI. In 
a recent study single vessel coronary disease was 
found to be the most common coronary angiographic 
feature of young women with AMI [36]. 

 
 

5. Risk Factors in Women 
 
Women who present with IHD are more likely to 

have same risk factors like hypertension, diabetes or 
dyslipidemia as compared to their male counterparts. 
Though the risk factors are virtually the same in both 
sexes their impact is much more for women than for 
men. 

Elderly hypertensive women are particularly at 
risk for CAD. Systolic blood pressure rises more 
steeply in ageing women compared with men. But 
even moderate or borderline hypertension 
(≥140/90mmHg) causes more endothelial dysfunction 
and cardiovascular complications in females than in 
men. Smoking especially in younger women 
especially in combination with oral contraceptives 
poses a 13-fold increase in CAD mortality. [37]. 

Diabetic women have significantly higher IHD 
mortality and cardiovascular complications as 
compared with diabetic men. [38]. Further, in women 
it has been shown that type 2 diabetes is a potent, 
independent risk factor for heart failure which cannot 
be fully explained by coexisting cardiovascular risk 
factors or previous myocardial infarctions. 

Women beyond 50 have higher (average) blood 
cholesterol levels. Hypertriglyceridemia is a more 
potent independent risk factor for women as 
compared to men. The metabolic syndrome is an 
important risk factor in women. When focusing on 
gender aspects of the metabolic syndrome (MetS), the 
relative risk of insulin resistance, hypertension, and 
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elevated C-reactive protein levels is higher in women 
than in men [39]. 

Truncal obesity and increased body mass index 
(BMI) have recently been proposed as potential 
independent risk factors, particularly in young women 
with CAD. Obesity is prevalent in one-third of 
women. Postmenopausal status is associated with 
higher prevalence of obesity, as 44% of 
postmenopausal women are overweight, among 
whom 23% are obese. Moreover, estrogen withdrawal 
during menopause has a detrimental effect on 
metabolism and brings changes in body fat 
distribution from a gynacoid to an android pattern, 
causes reduced glucose tolerance, abnormal plasma 
lipids, increased blood pressure, increased 
sympathetic tone, endothelial dysfunction and 
vascular inflammation. Thus clustering of risk factors 
is common in women after menopause, especially the 
combination of obesity, dyslipidemia and 
hypertension and is potentially related to hormonally-
mediated metabolic disturbances. It is to be 
emphasized that after menopause women need to pay 
extra attention to their health and fitness to prevent 
coronary artery disease. 

Disruption of ovulatory cycling, indicated by 
estrogen deficiency and hypothalamic dysfunction or 
irregular menstrual cycling in premenopausal women 
is associated with an increased risk of coronary 
atherosclerosis and adverse CVD events [22]. 

Most of the younger women who have angina are 
obese, hypertensive, diabetic or dyslipidemic. A 
strong family history of cardiac disease may lead to 
manifestation of CAD at a younger age. Lower 
hemoglobin and uric acid are risk factors of young 
women with AMI. Complications during pregnancy 
such as preeclampsia and gestational diabetes are also 
important risk factors in a woman's personal history.  

Patients with hypercoagulable states and certain 
connective tissue or collagen vascular disorders 
comprise a population also at high risk for early 
ischemic events. Women with rheumatoid arthritis 
usually have hyperlipidemia and are receiving 
steroids which predispose them to CAD. It is also 
important to screen these women for hypothyroidism 
who are also often and prone to atherosclerosis. Other 
younger women presenting with angina give history 
of hysterectomy. Psychological stress may lead to 
CAD in younger women. Mental stress, anxiety and 

panic disorders can induce endothelial dysfunction. 
Mental stress has also been linked with increased 
adrenergic outflow, vasoconstriction and impaired 
myocardial blood flow and accelerated coronary 
atherosclerosis progression especially in relatively 
young women. 

 
 

6. Symptoms of CAD in Women 
 
Almost half of the women with MIs present with 

shortness of breath, nausea, indigestion, burning 
sensation or dizziness. They are more likely to 
complain of a sense of constriction in the chest, 
throat, jaw or neck and back pain compared with men. 
They are known to undergo dental extractions or 
investigations for dysphagia for these vague 
symptoms due to lack of awareness. Breathlessness is 
a common angina equivalent in women which is 
mistaken for asthma or heart failure. Lastly a 
complaint of palpitation or a sense of uneasiness 
should not be dismissed off lightly in female patients. 

Microvessel disease could also help explain why 
so few women have the classic crushing chest pain 
that signals coronary artery disease. Instead, they feel 
diffuse discomfort, exhaustion, or shortness of breath 
under stress or even during daily routines. Symptoms 
are nonspecific and less dramatic and may be termed 
as microvascular angina. [22]. 

Women exhibit a greater symptom burden and 
more functional disability. To confuse the issue is the 
fact that they also have non cardiac pain especially 
oesophagitis etc. quite frequently. Any women with 
vague symptoms like the ones described above and 
chest discomfort especially brought on by exercise 
and in the presence of risk factors mentioned above 
should be investigated for coronary artery disease. 

 
 

7. Diagnosis of Myocardial Ischemia 
in Women 

 
As coronary angiography may be negative in 

women with myocardial ischemia noninvasive 
diagnostic testing offers the potential to identify 
women at increased CAD risk as the basis for 
instituting preventive and therapeutic interventions. 
Steps should be taken to identify women at the 
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earliest stage of presentation so that appropriate 
therapeutic strategies can be implemented. 

7.1. Exercise Stress Testing for Myocardial 
Ischemia in Women  

 
Currently, exercise stress testing is one of the 

most commonly used method of diagnosing CAD in 
women. It is the initial noninvasive method for testing 
women with a normal resting 12-lead 
electrocardiogram (ECG) who are at intermediate risk 
for CAD based on risk factors and symptoms and are 
capable of maximal exercise stress. [40]. Whereas the 
sensitivity and negative predictive value of exercise 
stress testing are similar in men and women, the 
specificity and positive predictive value are 
significantly lower in women. The positive-predictive 
value of the exercise stress test is lower for women 
due to earlier fatigue and an impaired ability to reach 
target heart rate. In addition in premenopausal 
women, endogenous estrogen may have a digoxin-like 
effect during the stress test leading to ST segment 
changes, resulting in false positive results. Although 
women are more likely to have a “false-positive” 
exercise ECG, a negative exercise stress test is useful 
in effectively ruling out a diagnosis of CAD. If their 
ischemia is caused by coronary vasospasm the test 
may be negative unless it occurs during exercise. One 
of our patients had a sudden 3mm ST depression of 
horizontal nature during exercise testing which 
recovered in less than a minute .Later the angiography 
was normal and we were faced with a lawsuit. It is 
possible that she had a transient vasospasm. 

Marked ST-segment changes (i.e., ≥2-mm) 
horizontal or downsloping ST depression at low 
workloads and persisting into recovery are all 
sensitive markers for the presence of obstructive CAD 
in women and men .Transient and upsloping ST 
changes with good exercise tolerance can be ignored 
if H/O angina is not typical and no risk factor is 
present. 

However in addition to other important 
prognostic markers, exercise capacity (fitness level) 
can be estimated using an exercise stress test, and an 
exercise capacity of <5 METs or the inability to 
achieve ≥ 85% of age-predicted heart rate are 
important parameters. Fitness level has been shown to 
be a predictor of MI, IHD death, and all-cause 
mortality in women. Obstructive disease is more 

prevalent in women with a high Duke treadmill score 
(DTS) (defined as exercise time − (5 × ST deviation) 
− (4 × chest pain [1=nonlimiting, 2=limiting]) and 
these women may benefit from referral to coronary 
angiography. Women with an intermediate Duke 
treadmill score should, in general, be referred for 
additional risk stratification with a cardiac imaging 
study [41]. In women, exercise capacity, percentage 
of age-predicted exercise capacity, chronotropic 
response, HRR, blood pressure response, and the DTS 
can all be used to enhance the diagnostic and 
prognostic value of exercise ECG. 

 
 

7.2. Stress Echocardiography 
 
Stress echocardiography, with exercise or 

dobutamine pharmacologic stress, can be used to 
identify stress-induced ischemia. By providing 
information on the presence and location of wall-
motion abnormalities related to a decrease in regional 
myocardial blood flow, the extent and location of 
ischemia can be defined. In symptomatic women who 
are incapable of exercise, dobutamine stress 
echocardiography reliably detects multivessel disease, 
with reported sensitivities from 75% to 93% and 
specificities of 79% to 92% .It may be limited by the 
variability in acoustic windows and the ability to 
capture images at the point of maximal stress. It has 
somewhat lower sensitivity for detection of 
intermediate stenosis or single-vessel CAD, but its 
high negative predictive value makes this a 
particularly useful test to rule out IHD in younger 
women [40]. However it is possible that this may not 
include patients who had experienced coronary 
vasospasm.  

 
 

7.3. SPECT Myocardial Perfusion Imaging 
(MPI) 

 
Stress-induced changes in myocardial perfusion 

have been extensively evaluated in women, largely 
employing SPECT imaging with more recent use of 
positron emission tomography (PET) and 
cardiovascular magnetic resonance (CMR) 
techniques. SPECT with ECG gating, a nuclear-based 
technique, provides quantitative information on 
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myocardial perfusion, regional and global left 
ventricular function. SPECT MPI with pharmacologic 
stress is useful because at-risk women are generally 
older and often have decreased exercise capacity 
when they present with symptoms of IHD. There is a 
large body of evidence relating to SPECT stress 
imaging showing that it effectively risk stratifies 
women with suspected IHD. In women with a normal 
myocardial perfusion study using SPECT imaging, 
the annual IHD event rate is very low, in contrast to a 
much higher event rate in those with abnormal 
myocardial perfusion.  

There are some limitations to SPECT imaging in 
women, including (1) reduced sensitivity as a result of 
severe multivessel disease, or as a result of diffuse 
endothelial or microvascular disease; (2) limited 
resolution, where smaller abnormalities are 
undetected due to a smaller heart; (3) breast 
attenuation; and (4) radiation exposure [42] 

 
 

7.4. Positron Emission Tomography (PET) 
Scanning  

 
Positron Emission Tomography allows the 

measurement of average Cardiac Blood Flow per 
gram of myocardial tissue and therefore can be 
applied to identify Coronary Microvascular Disease. 
MPI with PET provides higher spatial resolution than 
SPECT, and is a powerful noninvasive modality for 
the diagnosis and risk assessment of CAD. PET 
eliminates attenuation artifacts that are problematic in 
SPECT imaging and appears to be more accurate in 
women. [43] However it has traditionally been 
perceived as cost-prohibitive. 

 
 

7.5. Cardiovascular Magnetic Resonance 
(CMR) 

 
Cardiovascular magnetic resonance delineates 

precisely the different tissue components in acute 
myocardial infarction such as necrosis, microvascular 
obstruction (MVO), haemorrhage, and oedema, i.e. 
areas at risk. Cardiovascular magnetic resonance has 
emerged as a powerful technique to assess myocardial 
ischaemia and viability. This is an ideal non-invasive 
imaging modality in women. Cardiac MRI can be 

used to diagnose vasospasm. Currently, cardiac MRI 
techniques are available to acquire images that can 
assess morphology, function, perfusion, coronary 
vascular dysfunction and viability. 

Stress CMR imaging uniquely allows 
measurement of subendocardial perfusion. In an 
initial report in symptomatic women with abnormal 
stress tests and normal coronaries, subendocardial 
ischemia was frequently observed. A strong 
correlation between subendocardial ischemia and 
abnormal coronary reactivity testing has been 
reported in women. [44]. 

The ability to non-invasively assess coronary 
vasoreactivity would be particularly important in the 
diagnosis and treatment of women as an early marker 
of subclinical atherosclerosis [45]. 

 
 

7.6. Coronary CT for Coronary Artery 
Calcium (CAC) 

 
Coronary CT detects and quantifies the amount of 

coronary artery calcium (CAC), a marker of 
atherosclerotic disease burden, via either electron 
beam tomography (EBT) or multidetector CT 
(MDCT). CAC scores approximate the total 
atherosclerotic plaque burden and also has a 
prognostic value. Women have less prevalent and less 
severe CAC than do men. [40] 

Although not specific for luminal obstruction, the 
CAC score provides an estimate of the total 
atherosclerotic plaque burden and thereby provides 
information regarding cardiac risk. Sex-specific data 
on the role of CAC in evaluating at-risk symptomatic 
women demonstrate a high negative predictive value 
when correlated with coronary angiography. 

 
 

7.7. Cardiac CT Angiography (CTA) 
The introduction of updated software and 64-slice 

multidetector technology facilitates the noninvasive 
anatomic assessment of obstructive CAD with a high 
diagnostic accuracy with sensitivities and specificities 
in the ranges of 80% to 98% and 86% to 98%, 
respectively. No sex-specific differences were noted 
with contemporary computed tomographic 
angiography. [46] 
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7.8. Role of Cardiac Biomarkers 
 
In patients with Acute Coronary Syndromes, 

specifically, men are more likely to have elevated 
creatine kinase MB and troponins, whereas women 
are more likely to have elevated C-reactive protein (hs 
CRP) and Brain Natriuretic Peptide (BNP).[47] 
Inflammation is believed to have a more important 
role in the pathogenesis of cardiovascular events in 
females. Therefore, the measurement of inflammation 
markers has been proposed as a method to predict 
these events particularly in women. Newer markers 
are Apolipoprotein E polymorphism and serum 
amyloid A. [47]. 

 
 

7.9. Coronary Intravascular Ultrasound 
 
Unlike angiography, which depicts a silhouette of 

the coronary lumen, intravascular ultrasound portrays 
the vessel from a tomographic, cross-sectional 
perspective. This orientation enables direct 
measurements of luminal dimensions, including 
minimum and maximum diameter and cross-sectional 
area. The ability of coronary ultrasound to image the 
soft tissues within the arterial wall enables 
characterization of atheroma size, plaque distribution, 
and lesion composition during diagnostic or 
therapeutic catheterization. 

 
 

7.10. Recommended Diagnostic Strategy 
for Evaluating CAD in Women 

 
In women with a history of angina as has been 

described and risk factors discussed ECG is to be 
done first although it is often normal. Exercise testing 
is done in women who are able to exercise and have 
intermediate risk. The functional capacity, and 
clinical scores such as the Duke treadmill score 
provide additional information about the likelihood of 
CAD. A normal ECG or even a negative TMT should 
not be ignored in presence of a conventional risk 
factor and the history of angina and further 
investigations should be done. 

Both the diagnostic accuracy and prognostic 
value of stress SPECT and stress echocardiography 
exceed those of exercise ECG alone. Combining the 

two tests for example exercise stress testing in 
combination with SPECT may reduce the false 
negative rate. American Heart Association now 
recommends the use of Stress Echocardiography or 
SPECT as an initial test for evaluation of suspected 
ischemic heart disease in women with symptoms and 
who also additionally have diabetes, functional 
impairment (i.e., who cannot achieve at least 5 METs 
of exercise on a treadmill or stationary bicycle) or an 
abnormal resting ECG eg a bundle branch block 
which does not allow proper interpretation of ST-
segment depression with exercise .Stress MPI / Stress 
Echocardiography provide useful information in 
women with suspected or known CAD. Stress-
induced regional wall-motion abnormalities and 
myocardial perfusion defects have relatively similar 
sensitivities and specificities for IHD in women. The 
use of either imaging modality is appropriate for 
either gender, and the choice of test should depend on 
the experience and cost at individual institutions [48] 

In investigating CAD, the issue of gender 
difference in the referral pattern for coronary 
angiography is controversial. In women older than 49 
who have undiagnosed chest pain, coronary 
angiography may be necessary for the diagnosis of 
CAD when either the exercise stress test (EST) or the 
stress imaging study (SIS) is positive. In contrast, in 
women age 49 or younger who have chest pain of 
uncertain origin, the use of angiography to rule out 
CAD may be regarded as necessary only if both the 
EST and the SIS are positive. Recently, it has been 
suggested that, because noninvasive tests are less 
sensitive and specific for diagnosing CAD in women, 
the threshold for coronary angiography in women 
should be lowered. If vasospastic disease is suspected, 
coronary angiography may be appropriate. For 
unstable angina or perimyocardial infarction, 
coronary angiography may be indicated. 

Cardiac CTA may be done if the stress imaging is 
abnormal to evaluate coronary arteries non-
invasively. Patients with decreased cardiac function 
may be evaluated by invasive coronary 
angiography.[43]  CMR can be useful in evaluating 
symptomatic women with no evidence of obstructive 
CAD to evaluate the coronary microvasculature for 
evidence of subendocardial ischemia or abnormal 
coronary reserve. Coronary CT can provide additional 
information. 
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Measurements of Cardiac Biomarkers for 
decision making in women with ACS are at least as 
essential as in men. Troponins identify the group of 
patients who benefit from an aggressive approach 
similarly to men and, in addition and just as 
important, point out female patients with negative 
troponin results in whom aggressive treatment is not 
required. 

Other investigations can be done according to the 
availability e.g. PET scan. Wherever available 
patients with non-diagnostic or equivocal stress echo 
/nuclear testing who were tested for ischemic 
symptoms, who cannot exercise , who are obese and 
with large pendulous breasts and need pharmacologic 
testing , high CAC , Coronary CTA showing 
borderline obstructive plaque, and patients requiring a 
decision regarding the need for revascularization, 
either from the ischemic or viability standpoint, 
would qualify for a PET scan. Of the tests available to 
demonstrate coronary spasm, provocation by 
methylergonovine maleate, acetylcholine, or 
hyperventilation is the most useful. 

 
 

8. Social Factors Pertaining to CAD 
in Women 

 
Changing lifestyles are being blamed for the 

sharp increase in CAD in women. More women now 
work in stressful careers where activity levels are low. 
These women often have unhealthy eating habits and 
indulge in excessive smoking and drinking. Busy 
housewives and mothers also face heart risks because 
often they don't have time to exercise and eat junk 
food. 

Women tend to minimize their symptoms and 
have poorer psychosocial adjustment following a 
CAD event. They are less likely to receive aspirin, 
beta-blockers, statins, antiarrhythmic treatment, 
thrombolytic therapy, Cardiac Resynchronisation 
Therapy (CRT), an implantable cardioverter 
defibrillator (AICD) and cardiac transplant 
strategies.[49] However the situation has improved 
somewhat in the recent years in the developed 
countries. In fact the major contribution to the 
increased survival among women since 2000 appears 
to be improved care of established cardiovascular 
disease rather than a decrease in the occurrence of 

new cases of cardiovascular disease in women, 
emphasizing the need for preventive interventions.  

This does not hold true for the developing 
countries like India where not much medical 
improvements have occurred. Advanced 
investigations are not available especially to the 
poorer section. India and many other countries of the 
world are male dominated societies where females 
have lesser treatment resources. They generally 
receive suboptimal and less-aggressive therapy 
following cardiac ischemic events. Women are less 
likely to have an ECG when they have an episode of 
ischemic heart disease or chest pain and are much less 
likely to be submitted to sophisticated diagnostic 
facilities and treatment modalities like coronary 
angiography, PTCA /CABG as compared to men. In 
Indian women obesity is increasing with increasing 
incidence of coronary artery disease. Coronary artery 
disease and coronary risk factors were two or three 
times higher among the urban compared with the rural 
subjects.[50] It is possible that some Indian 
populations especially women can benefit by reducing 
serum cholesterol, blood pressure and central obesity 
and increasing physical activity. 

 
 

9. Reasons for the Existing Gender 
Differences 

 
The complete explanation for the unfavorable 

prognosis of women after acute coronary events and 
myocardial infarction is far from elucidated. Is it a 
bias in patient-care patterns? Or is it a different 
disease with a more prominent microvascular/ 
inflammatory component that provokes symptoms of 
ischemia without obstructive coronary artery disease.  

It is possible that unaccounted comorbidities and 
risk factors are responsible for the outcome 
differences. Alternatively, other unknown factors may 
be involved; among these, social and psychological 
factors have rarely been considered. A recent study, 
for example documented a remarkable decrease in 
mortality in women with coronary heart disease 
randomly assigned to a stress-reduction intervention 
specifically tailored to women [51]. 

Possible mechanisms for poorer outcomes in 
women are lack of awareness and differences in 
access to treatment, smaller vessels and lesser 
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collateralization and impaired vasomotor response 
and the unique pathophysiology. 

 
 

10. Treatment 
 
Optimal treatment for CAD in women is not as 

well tailored as in men, but a multi-pronged approach 
seems to be best, and should include aggressive risk 
factor modification, therapy to reduce the risk of 
clotting (aspirin) and drugs to protect the heart muscle 
itself (beta blockers and possibly ACE inhibitors) and 
statins to improve lipid profile. [52] They have about 
a 50% higher bleeding rate than men do after adding 
antiplatelet agents, heparin or Gp IIb/IIIa inhibitors. 
For women, hypertension and diabetes need to be 
treated more aggressively with greater attention to 
increased physical activity & healthy lifestyle. A 
thorough assessment should be made for deciding 
specialised PCI/ CABG procedure taking into 
consideration the specific challenges pertaining to 
female gender & keeping in mind the other comorbid 
conditions. Previous studies have suggested that 
women did not do as well with bypass surgery as 
compared to men. And much of this had to do with 
smaller body habitus, coronary artery size and 
functional status and numerous risk factors including 
diabetes. An encouraging fact is that in-hospital 
mortality rates are declining in women and CABG 
outcomes are improving .It is likely that technical 
advancements in surgical and myocardial protection 
techniques, such as the increasing use of off-pump 

procedures, the increasing use of internal mammary 
artery grafts and the ability to successfully operate on 
small arteries, have contributed and will continue to 
contribute to the narrowing of the gender gap in the 
risks and benefits of CABG surgery.[53]  

More and more females should be submitted to 
post MI and post CABG rehabilitation programmes. 
The 30-day mortality after PCI in women has also 
decreased in the past 25 years. After accounting for 
baseline risks, no differences in short-term or long-
term mortality were observed between men and 
women [54]. 

 
 

11. Role of Hormone Replacement 
Therapy (HRT)  

 
Oestrogen helps in cardioprotection by improving 

endothelial function and by decreasing inflammation 
in the vessel wall. Oestrogen deficiency increases the 
progression of atherosclerosis. Initial observational 
studies in late eighties and early ninieties had shown 
role of HRT in women for protection against CAD 
and its complications .However the subsequent 
randomized controlled trials like WHI have shown 
that instead of cardioprotection, HRT may be causing 
more CAD & its sequelle on long term use especially 
in late onset cases. 

The suggestion from the Women's Health 
Initiative study that estrogen intervention at or shortly 
after the menopause may be protective now known as 
the “critical timing” hypothesis warrants further 
investigation. [55] At present HRT cannot be 
routinely recommended for cardioprotection against 
CAD in women. 

 
 

Conclusion 
 
Coronary artery disease in women is an important 

health problem. But unfortunately it is less recognized 
than in men due to the atypical symptoms and gender 
bias in society especially in developing countries like 
India .In the past few decades there has been growing 
awareness regarding the peculiarities of coronary 
artery disease in women. In women, the detection and 
evaluation of physiologically significant CAD is 
challenging, especially given that traditional tests 
designed to detect focal areas of coronary artery 
stenosis are less sensitive and specific .More research 
is needed in the areas of sex-specific aspects of 
coronary artery disease and large clinical trials are 
needed to explore these sex-related differences so that 
optimal gender specific diagnostic and management 
strategies can be developed for females. More health 
education and public awareness programmes 
including lifestyle modifications and other gender 
specific issues may go a long way in controlling this 
major public health problem in the fair sex. 
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Abstract 
 

Peripartum cardiomyopathy (PPCM) is rare disorder of 
unknown etiology. It causes significant mortality. Proposed 
mechanisms of PPCM are prolactin mediated, myocarditis, 
autoimmunity, genetic, nutritional. Diagnosis is based on 
clinical and echocardiographic findings. Subsequent 
pregnancy should be avoided, because it increases chances 
of relapse. Newer treatment modalities include 
bromocriptine, cabergolin, pentoxyfylline, intravenous 
immunoglobulin, showing promising results. Heart 
transplantation is last option for treatment of PPCM. 

 
Keywords: Peripartum cardiomyopathy (PPCM); 
Prolactin; Pregnancy induced cardiomyopathy 

 
 

Introduction 
 
Peripartum cardiomyopathy (PPCM) is a rare 

disorder, but serious complication of pregnancy. The 
European Society of Cardiology [1] recently defined 
peripartum cardiomyopathy as a form of dilated 
cardiomyopathy that presents with signs of heart 
failure in the last month of pregnancy or within 5 
months of delivery. Diagnosis requires objective 
evidence of left ventricular (LV) dysfunction with no 
other explanation for heart failure signs and 
symptoms [2,3]. The incidence of PPCM in India was 
1 in 1374 live births. It is high compared to United 
States where 1: 3000 live births [4]. But it is low 
compared to South Africa (1:1000) [5]. In developing 
countries, incidence is high which may be due to 
diagnosis made only clinical as well as variations in 
local cultural, puerperal practice, ecological factors 
and environmental influence [6]. The etiology of 
PPCM remains unclear, contributing to the poor 
outcomes seen in women affected by the disorder, as 
targeted treatment is not yet available. 
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Etiology 
 
Risk factors are maternal age >30 years, twin 

pregnancies and history of hypertension, 
preeclampsia, eclampsia, prolonged use of tocolytics 
[4,7]. 

The etiology of peripartum cardiomyopathy 
remains unknown despite much investigation that has 
focused on identifying a cause. The patho-
physiological mechanisms are still not clarified, and 
proposed etiology includes viral myocarditis, low 
selenium levels, stress-activated cytokines, 
inflammation and autoimmune reaction and a 
pathologic response to hemodynamic stress [8,9]. 
Recently studies suggested possibility of a common 
pathway, on which different etiologies that induce 
PPCM could merge [10]. This proposed pathway 
points to a coincidental situation where unbalanced 
oxidative stress and high levels of the nursing 
hormone prolactin (PRL) are present [10]. As a result 
the oxidative stress triggers the activation of the 
protease cathepsin D that cleaves PRL into an 
angiostatic and proapoptotic 16-kDa PRL that seems 
to initiate and drive the disease. The 16-kDa PRL 
mainly impacts on the endothelium [11-14] with 
potential subsequent negative effects on 
cardiomyocyte function [10]. Furthermore, a key 
functional role of an activated oxidative stress–
cathepsin D–16 kDa prolactin cascade in PPCM is 
strongly supported by the observation that 
suppression of the production of prolactin by the 
dopamine D2 receptor agonist, bromocriptine, 
prevented the onset of PPCM in the mouse model of 
PPCM [10]. 

 
 

Inflammation 
 
Reports of high concentrations of tumor necrosis 

factor- α (TNF α), interferon-ɤ, interleukin-6, 

C‑reactive protein (CRP), and Fas/apoptosis antigen 1 
(Apo-1) in peripartum cardiomyopathy suggest an 
underlying inflammatory process for the 
pathophysiologic development of peripartum 
cardiomyopathy. But anti-inflammatory agent 
pentoxyfylline does not produce clinical benefit in 
patients with PPCM [15]. James D et al in their study 
[16] has shown the beneficial effect of pentoxyfylline.  

Viral Infections 
 
PPCM is associated with various viral infections 

like coxackievirus group B and Epstein-Barr virus 
[17]. Human immunodeficiency virus (HIV) infection 
is also increasingly being recognized as an important 
cause of dilated cardiomyopathy (DCM) [18]. 

 
 

Auto Immunity 
 
Lamparter et al found that presence of circulating 

auto-antibodies to every type of cardiac tissue were 
identified in all 10 cases screened [19]. Warraich et al 
reported, in PPCM higher titres of antibodies (IgG 
and IgG subclasses) against cardiac myosin heavy 
chain compared with those with IDCM and these 
titres correlated with clinical presentation and with 
New York Heart Association (NYHA) functional 
class [20]. In addition, the potential role of 
microchimerism, due to the introduction of foetal 
cells of haematopoietic origin into the maternal 
circulation, has been raised [21]. 

 
 

Genetic Susceptibility to Peripartum 
Cardiomyopathy 

 
Recently, however, there have been two reports 

which more strongly support the suggestion that some 
cases of PPCM may in fact be part of familial DCM 
[22, 23]. Other potential causes of PPCM include 
nutritional deficiencies, coronary artery spasm, small 
vessel disease and defective antioxidant defences 
[24]. 

 
 

Pathological features 
 
Heart specimens appear pale, soft, dilated and 

heavier in PPCM [25]. Due to persistent ventricular 
dysfunction, mural thrombi are invariably seen in one 
or more cardiac chambers. Gray-white patches of 
endocardial thickening are often seen at the sites of 
mural thrombi [26]. Cardiac valves and coronary 
vessels appear normal with the occasional presence of 
pericardial effusion [22]. Histological evidence of 
hypertrophy, degeneration, fibrosis, interstitial edema, 
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fatty and mononuclear cell infiltration is seen in the 
myocardium with a sparse to abundant collection of 
eosinophils [26]. Electron microscopy has revealed 
varying degrees of enlargement, destruction or 
fragmentation of myofibrils, an increase in size and 
number of mitochondria, glycogen and some 
abnormal pertinacious material deposits [26]. 
Histochemical pictures of myocardial cells denote 
occasional sarcoplasmic fat vacuoles containing 
triglycerides without any accumulation of lipofuscin 
or amyloid. Significantly low levels of plasma 
albumin, prealbumin, selenium and zinc have also 
been reported [7]. 

 
 

Clinical presentation 
 
Dyspnea on exertion, cough, orthopnea, 

hemoptysis, and paroxysmal nocturnal dyspnea are 
commonly seen in patients with PPCM & mimic like 
left ventricular failure. Most of the patients have New 
York Heart Association (NYHA) class III or IV 
function [27]. But use of NYHA classification may 
not reflect severity, because of normal occurrence of 
these symptoms in advanced pregnancy. Other 
nonspecific symptoms include fatigue, malaise, 
palpitations and postural hypotension. They may 
present with embolic features like chest pain, 
abdominal discomfort, hemoptysis and hemiplegia 
[27].  

Diagnosis requires a high degree of suspicion, 
because symptoms of peripartum cardiomyopathy can 
be confused with physiologic changes associated with 
advanced pregnancy. Common signs of peripartum 
cardiomyopathy include displacement of the apical 
impulse, presence of S3, and evidence of mitral or 
tricuspid regurgitation. Engorgement of the neck 
veins, pulmonary crepitations, hepatomegaly, and 
pedal edema may also be present. Patients may even 
present with seizures associated with cerebral edema 
and cerebellar herniation [27,28]. 

 
 

Investigations 
 
Blood tests should be done in all patients, 

although none of these can help in screening or 
positive diagnosis of PPCM. Initial laboratory 

assessment should include complete blood count and 
biochemical parameters. The thyroid function, a 
septic screen, and viral serology should also be 
performed in order to exclude other causes of 
cardiomyopathy and heart failure. 

 
 

ECG 
 
No pathognomic changes in electrocardiograms 

have been identified for peripartum cardiomyopathy. 
ECG abnormalities are sinus tachycardia, nonspecific 
ST-T segment changes, LV hypertrophy, premature 
ventricular contractions, and bundle branch block 
[29]. However, these changes may be present in a 
number of disorders as well as normal states. 
Sometimes the ECG may demonstrate no significant 
changes [30]. 

 
 

Doppler Echocardiography 
 
Doppler echocardiography is useful diagnostic 

tool for assessing the severity and prognosis of PPCM 
patients. Echocardiographic features include 
decreased ejection fraction (<45%), decreased left 
ventricular fractional shortening (<30%) and 
increased left ventricular end diastolic diameter 
(>2.7cm/m2) [31]. Other features are dilatation of all 
cardiac chambers, mitral, tricuspid, pulmonary and 
aortic regurgitation, diffuse wall motion abnormality 
and small pericardial effusions are also reported [27]. 
LV thrombus is present at diagnosis in 17% of 
patients and indicates poor prognosis [32]. MRI is a 
more sensitive tool to diagnose such thrombi than 
echocardiography. Echocardiographic measurements 
have been used for prognostication of PPCM but 
dobutamine stress echocardiography, having the 
capability to show the contractile reserve, may be a 
better tool in this regard & can help identify those at 
risk of relapse [33]. 

 
 

Chest Radiographs 
 
Chest radiographs should be obtained in 

suspected cases of PPCM [34]. They may be helpful 
to identify acute pulmonary edema. Radiological 
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indications of heart failure such as cardiomegaly, 
pulmonary congestion and pleural effusions may be 
evident [34]. However, diagnosing cardiomegaly on 
the basis of a chest radiograph in a pregnant patient is 
difficult because the heart is pushed upward and 
laterally, giving the false impression of cardiomegaly. 

 
 

Cardiac Biomarkers 
 
In the initial evaluation, the serum level of 

troponin may be helpful in ruling out myocardial 
infarction, however an increase in troponin in the 
acute phase of PPCM, without myocardial infarction 
can occur. Levels of B-type natriuretic peptide and N-
terminal pro-B-type natriuretic peptide can help in 
confirming the diagnosis [35,36]. 

 
 

Magnetic Resonance Imaging  
 
Magnetic resonance imaging (MRI) may be used 

as a complementary tool to diagnose peripartum 
cardiomyopathy, and it may prove to be important in 
identifying the mechanisms involved. It can measure 
global and segmental myocardial contraction, and it 
can characterize the myocardium [37]. Delayed 
contrast enhancement (with gadolinium) can help to 
differentiate the type of myocyte necrosis, i.e. 
myocarditis vs. ischemia. Myocarditis has a 
nonvascular distribution in the subepicardium with a 
nodular or band-like pattern, whereas ischemia has a 
vascular distribution in a subendocardial or 
transmural location [38]. Recently Cardiac Magnetic 

Resonance Imaging (CMRI) has been used in 
prognostication in PPCM. Leurent et al advocate 
using cardiac MRI to guide biopsy to the abnormal 
area, which may be much more useful than blind 
biopsy [39]. 

 
 

Endomyocardial Biopsy 
 
Endomyocardial biopsy is a highly specific 

technique for diagnosing myocarditis [34]. However, 
its invasive nature, coupled with the varying 
incidence of myocarditis in peripartum 
cardiomyopathy, precludes its use as a first-line 
diagnostic tool [27]. Biopsy under MRI guidance 
improves accuracy and can be followed up with 
polymerase chain reaction analysis of biopsy DNA 
extracts for viral assays or immunohistochemical 
staining for autoantibody assays. Endomyocardial 
biopsy might be considered when myocarditis is 
strongly suspected or no improvement is seen after 2 
weeks of heart-failure therapy [27]. 

 
 

Self-test for Early Diagnosis of Heart Failure 
in PPCM 

 
Fett proposed a screening tool for early diagnosis 

of PPCM. The test is a focused medical history for 
PPCM screening, looking for the most common early 
signs and symptoms of heart failure during last month 
of pregnancy [33]. He proposes 6 clinical categories, 
easy to quantify, which are included in a self-scoring 
system (Table 1).  

 
Table 1. Self-test for early diagnosis of heart failure in PPCM (adapted from Fett JD) [30] 

 
Sign/symptom Characteristics Scoring 
Orthopnea  None 

Need to elevate head 
Need to elevate ≥ 450 

0 
1 
2 

Dyspnea  
 

None 
Climbing 8 or more steps 
Walking on level 

0 
1 
2 

Unexplained cough None 
At night 
Day and night 

0 
1 
2 

Swelling lower extremities None 
Below knee 
Above and below knee 

0 
1 
2 
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Sign/symptom Characteristics Scoring 
Excessive weight gain 
(during last month of pregnancy) 

< 2 pounds/week 
2-4 pounds/week 
> 4 pounds per week 

0 
1 
2 

Palpitations None 
When lying down at night 
Day and night, any position 

0 
1 
2 

 
Scoring and action 
0-2 = low risk – continue observation 
3-4 = mild risk – consider doing blood BNP and CRP; echocardiogram if BNP and CRP are elevated 
5 or more = high risk – do blood BNP, CRP and echocardiogram 

 
A score ≥ 5 has always been associated with LV systolic dysfunction. A score > 4 suggests the need for 

further investigation. In this case, a blood BNP test and an echocardiography are recommended. If the score is < 
4, the patient should be monitored for BNP and C-reactive protein levels. If increased levels, echocardiography 
should be performed. Fett proposed that this test is not diagnostic for PPCM, but encourages an expanded use, 
because it may be a useful tool for early recognition of the new onset heart failure [33]. 

 

Management 
 

Heart failure treatment during pregnancy 
 
When considering tests or treatments in 

pregnancy, the welfare of the fetus is always 
considered along with that of the mother. 

 
Angiotensin-converting enzyme-inhibitors  
and angiotensin-II receptor blockers 

Angiotensin-converting enzyme (ACE)-inhibitors 
and angiotensin-II receptor blocker (ARB) are 
contraindicated because of serious renal and other 
foetal toxicity [40]. 

 
Hydralazine and long-acting nitrates 

It is believed that this combination can be used 
safely, instead of ACE-inhibitors/ARBs, in patients 
with PPCM [41]. 

 
Beta blockers 

These have not been shown to have teratogenic 
effects [41]. Beta-1selective drugs are preferred 
because beta-2 receptor blockade can, theoretically, 
have an anti-tocolytic action. 

 
Diuretics 

Diuretics should be used sparingly as they can 
cause decreased placental blood flow [43]. 

Furosemide and hydrochlorothiazide are most 
frequently used. 

 
Aldosterone antagonists 

Spironolactone is thought to have antiandrogenic 
effects in the first trimester [44]. Because the effects 
of eplerenone on the human foetus are uncertain, it 
should also be avoided during pregnancy. 

During Post-Partum period- Treatment is 
identical to that for nonpregnant women with dilated 
cardiomyopathy. ACE inhibitors and ARBs are 
useful.  

 
Antiarrhythmic agents 

Antiarrhythmic agents may sometimes be 
required to treat symptomatic patients. No 
antiarrhythmic agent is completely safe in pregnancy. 
Quinidine and Procainamide should be tried first 
because of their higher safety profile [45]. Treatment 
should always start in a hospital setting because of the 
high incidence of torsades de pointes associated with 
their use. Beta blockers can also be used [45,46]. 
Digoxin can be considered for atrial arrhythmias, and 
adenosine can also be used in an emergency [46]. 
However, class 3 (amiodarone) and class 4 
(verapamil) antiarrhythmics should be avoided as a 
result of adverse effects on the fetus: fetal 
hypothyroidism and premature delivery, fetal 
bradycardia, heart block, and hypotension. 
Amiodarone may cause hypothyroidism, growth 
retardation and perinatal death, so it should be 
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avoided in the first trimester and reserved for life 
threatening arrhythmias only [45]. Though primarily 
indicated in bradyarrhythmia, pacemakers have been 
used in PPCM patients for refractory arrhythmias 
[45]. Automated implantable cardiverter – 
defibrillator (AICD) can be considered in life 
threatening arrhythmias and has been shown to reduce 
the risk of sudden death in PPCM patients [45]. 

 
Anticoagulation 

Pregnancy is hypercoagulable state. In PPCM due 
to ventricular dysfunction stasis occurs which leads to 
thrombus formation. This state extends upto 6 weeks 
after delivery. Indications for anticoagulations are 
LVEF <35%, presence of atrial fibrillation, mural 
thrombi, obese patients and those with history of 
thromboembolism. Heparin can be given during 
pregnancy & after delivery. Warfarin is teratogenic 
and must be avoided in antepartum [47]. 

 
Immunosuppression 

Role for immunosuppressive therapy in the 
treatment of PPCM is based on evidence that PPCM 
is the result of myocarditis [48]. Presently there is no 
indication for routine immunosuppressive therapy, but 
it can be considered in biopsy-proven PPCM patients 
who do not respond to standard medical management 
after two weeks [48]. 

 
Bromocriptine and Cabergoline 

Recent studies have suggested the role of 
prolactin breakdown products in the aetiology of 
PPCM. Jahns et al. [49] stated that bromocriptine, a 
dopamine antagonist that inhibits prolactin secretion, 
prevented the expected deterioration in the size of the 
left ventricle and systolic function when given in 
addition to standard heart failure therapy in a woman 
with PPCM. De Jong et al. [50] argue that the benefit 
of using cabergoline, another potent dopamine 
receptor antagonist like bromocriptine, is the long 
half-life, 14 to 21 days, of cabergoline, so a single 
dose is often enough. It seems to be most important 
modality of treatment, but it needs further studies to 
prove it. 

 
Pentoxifylline  

Treatment with pentoxifylline, a xanthine derived 
agent known to inhibit the production of tumour 
necrosis factor alpha, has been shown to improve 

functional class and left ventricular function in 
patients with idiopathic dilated cardiomyopathy. 
Similar to other etiologies of left ventricular 
dysfunction, elevated levels of TNF alpha have been 
found in these patients [15]. 

 
Immunoglobulin therapy 

Human intravenous immunoglobulin (IVIG) has 
been shown to improve ventricular dysfunction in six 
PPCM patients, although it failed to show any 
advantage in IDCM patients. Considering the 
increasing evidence of autoimmunity in PPCM, it 
may be prudent to consider IVIG in PPCM patients 
who do not respond to conventional treatment [51]. 

Plasmapharesis has also been utilized effectively 
for this purpose, and may be an alternative to immune 
globulin therapy in peripartum cardiomyopathy. 

 
Interventions 

Patient with PPCM has persistently severe LV 
dysfunction 6 months following presentation, despite 
optimal medical therapy, many clinicians would 
advise implantation of an ICD (combined with CRT if 
the patient has NYHA functional class III or IV 
symptoms and a QRS duration 120 ms). 
Extracorporeal membrane oxygenation has been tried 
successfully in some patients as a bridge to recovery 
[52]. Ventricular tachycardia leading to cardiac arrest 
has been reported in PPCM patients, to avoid such 
situation increasing use of automated implantable 
cardioverter defibrillator (AICD) is being tried 
[53,54]. 

 
Cardiac transplantation 

Two reports comparing results of cardiac 
transplantation in age matched females with 
peripartum cardiomyopathy and idiopathic 
cardiomyopathy showed favourable and comparable 
long term survival in both the groups [55,56]. 

 
 

Prognosis 
 
Sliwa et al. [15] found that ejection fraction was 

the strongest predictor of outcome in women with 
PPCM. Half of the women will normalize their 
ejection fraction during follow-up within six months. 
Women whose left ventricular function does not 
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recover, prognosis remains guarded and mortality 
rates as high as 10-50% have been reported [57]. 
Mrbidities include LV heart failure, persistent left 
ventricular dysfunction (LVEF<45% after six months 
of PPCM), increased risk of thromboembolism, 
preterm labour and its neonatal consequences etc. 
[31]. One of the most frequently cited issues for 
women who survive PPCM is whether or not they can 
safely become pregnant again. No clearly established 
recommendations for future pregnancies in these 
women exist [41]. Left ventricular recovery and 
function are considered the most reliable prognostic 
factors and predictors of survival in subsequent 
pregnancies [41]. Future pregnancies are not 
recommended in women with persistent heart failure, 
because the heart most likely would not be able to 
tolerate the increased cardiovascular workload 
associated with the pregnancy [58]. The subset of 
women with persistent left ventricular systolic 
dysfunction should be counselled against subsequent 
pregnancies; the risks are 19% higher for maternal 
death than among women with PPCM whose heart 
failure has resolved [33]. 

 
 

Conclusion 
 
Peripartum cardiomyopathy is a rare but serious 

condition of unknown cause that affects childbearing 
women. High degree of suspicion is necessary for 
diagnosis of PPCM, because earlier diagnosis and 
treatment improve survival of the patient. Treatment 
includes standard heartfailure & disease specific 
targeted therapy including bromocriptin, cabergoiln, 
pentoxyfylline. Further studies are needed for 
incidence and to find out specific etiology & 
treatment. 
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Abstract 
 

There is a tendency that some placebos and potentially 
harmful agents are presented as evidence-based 
medications; while theoretical concepts are sometimes 
created or existing ones misused for this purpose. In a large 
series of studies, having become known internationally 
after a publication in The Lancet (1986;2:595) and 
continued until the present day, it was reported that 
culturing of smooth muscle cells or macrophages with the 
serum from atherosclerosis patients caused intracellular 
cholesterol accumulation, whereas serum from healthy 
controls had no such effect. The cell cultures were used for 
evaluation of antiatherogenic drugs and dietary 
supplements including natural products; and corresponding 
scientific articles were used for their official registration. It 
is however known that antiatherogenic agents can influence 
lipid metabolism, cholesterol synthesis, or endothelium-
related mechanisms. All these targets are absent in the cell 
monocultures. In vivo, relationship between cholesterol 
uptake by cells and atherogenesis is inverse rather than 
direct; for example, in familial hypercholesterolemia and 
other conditions discussed here, decreased clearance of 
LDL-cholesterol by cellular uptake causes 
hypercholesterolemia and predisposes to atherosclerosis. In 
conclusion, inadequate testing systems are sometimes used 
for registration of drugs and dietary supplements. As a 
result, supposedly antiatherogenic medications with 
unproven effects are then offered to the elderly patients 
misinformed not only by advertising but also by certain 
scientific papers. 
 
Keywords: Atherosclerosis treatment; Serum 
atherogenicity; Cell culture; Placebo 

 
 

Introduction 
 
Manufacturers of medical products need financial 

return on their investments. At the same time, there 
must be a favorable risk-benefit balance for the 
patient, confirmed according to the evidence-based 
principle. Patients and physicians can be, and 
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sometimes indeed are, influenced by advertising, 
which can be facilitated by gaps in education or by 
hidden adverts in peer-reviewed journals in the guise 
of the medico-scientific literature. Worrisome is also 
the use of the Internet, and direct-to-the-consumer 
sales, when the objectivity may be obscured by vested 
interests and unfounded opinions. Therefore it is 
essential that evidenced-based information is readily 
available to the patients or caregivers, including that 
about safety, long-term side-effects, adverse reaction 
rates and other data from high-quality clinical trials.  

There is an increasing tendency for results from 
hardly relevant and reliable studies to be presented in 
support of placebos and potentially harmful agents 
marketed as evidence-based medications. Theoretical 
concepts are sometimes created, or existing ones 
misused for this purpose. Probably the best known 
example is hormesis: a concept of biphasic dose-
response to different pharmacological and 
toxicological agents. According to this concept, a 
noxious agent at a small dose can exert a beneficial 
action, e.g. low dose stimulation and high dose 
inhibition. Hormesis has often been generalized 
without a plausible scientific basis, being used e.g. as 
a theoretic support for homeopathy. Some 
publications generalizing the hormesis phenomenon 
can be cited and used in support of homeopathy and 
placebos: in gerontology and other fields of medicine, 
also to endorse official registration of drugs and 
dietary supplements. Even known hormetic effects 
can be questionable because of the difficulties of 
differentiation between the low-level hormetic and 
placebo effects [1]. Moreover, due to an unfounded 
use of the hormesis concept, policy regulators such as 
the FDA or EPA may find themselves in a quandary 
about threshold levels for health risk. 

Marketing of placebos in the guise of evidence-
based medications has its social backgrounds: 
increasing costs of modern evidence-based treatments 
motivates to propagate less expensive substitutes. 
Several examples have been discussed previously: 
supplementation of glycosaminoglycans and their 
precursors in osteoarthritis [2], endobronchial 
surfactant supplementation for tuberculosis and other 
lung diseases without primary surfactant deficiency 
[3], sugar cane policosanols for atherosclerosis [4] 
and other [5]. Here is discussed the testing of serum 
atherogenicity in cell cultures used for registration 

and marketing of antiatherogenic drugs and dietary 
supplements. 

 
 

Testing of Atherogenicity in Cell Cultures: 
Questionable Results and Arbitrary 
Interpretations 

 
As in most biological research, the choice of 

animal or cell line model is of fundamental 
importance if extrapolations to the humans are 
intended. In this paper we draw attention to the 
limitations of the cell culture methods used for testing 
of serum atherogenicity and evaluation of 
antiatherogenic drugs. A cell culture is an artificial 
system in the sense that cultures developed on flat 
surfaces are hardly representative of the tissue milieu 
in vivo, reflecting, more or less correctly, only a small 
section in the complex interrelationships in a human 
body. Although 3-dimensional cultures in gel matrices 
or spheroidal clusters may be closer to the ‘tissue’ 
situation in terms of cell-to-cell signaling etc., they 
are still not a substitute for the in vivo conditions. 
Admittedly, the use of cellular systems in 
pharmacological studies is of great importance for the 
initial evaluation of drugs. However, their use to 
predict the response of the whole body to a given 
agent is limited. The determination of the 
concentration of a drug inhibiting a given 
physiological pathway in a cellular system bears little 
connection to the response of the body where apart 
from a direct cellular response to the drug there is 
interplay between different tissues and organs under 
the conditions of in vivo pharmacokinetics [6]. 
Moreover, as discussed below, the response of 
cellular systems to an agent affecting the transport 
across the plasma membrane can have opposite 
effects in the cell culture and the whole body. For 
these reasons, development of pharmacological 
treatments must be in the end based on in vivo animal 
studies followed by carefully designed clinical trials 
[6]. In any case, cell culture experiments need a 
scientifically correct interpretation, which is, as 
discussed below, not always the case. 

An example is presented as follows viz. a large 
series of studies on serum atherogenicity, which 
became internationally known in 1986 after an article 
from the Cardiology Research Center in Moscow had 
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been published in The Lancet [7] followed by 
numerous publications and reports on meetings, 
continued until the present day [8-10] without 
references to the published criticism [11-13].  

According to these reports, cultures of smooth 
muscle cells and macrophages were used for testing 
of serum atherogenicity, and the antiatherogenic 
effect of different substances was evaluated. For 
example, the following was reported. 

 
1. Cell cultivation with diluted sera from 

patients with atherosclerosis caused a two- to 
five-fold elevation of intracellular cholesterol 
(Ch) [14].  

2. LDL from atherosclerosis patients induced a 
two- to four-fold elevation of cholesteryl 
esters in the cultured cells [15,16]. 

3. Cultivation with sera or LDL from control 
subjects induced no lipid accumulation in the 
cells [14, 15]. 

4. Tested calcium antagonists reduced the Ch 
level in cultured cells and decreased 
incorporation of 3H-thymidine [17].  

5. Tested beta-blockers caused a 1.5- to 2-fold 
increase in Ch content in cultured cells and 
stimulated their proliferation [17]. 

6. Garlic extract added to the culture medium 
significantly reduced the level of intracellular 
lipids in cultured smooth muscle cells and 
inhibited their proliferation. Ex vivo, blood 
serum taken from coronary atherosclerosis 
patients after an oral administration of garlic 
preparation significantly lowered Ch 
accumulation in the cultured cells [18]. 

 
All the above was interpreted as a direct 

antiatherogenic effect with inhibition of cell 
proliferation by certain pharmacological agents and 
natural substances. Apart from addition of tested 
substances to the culture medium, an ex vivo model 
was used: for example, an oral administration of 
propranolol rendered serum atherogenic i.e. capable 
of induction of intracellular Ch accumulation. At the 
same time, serum from patients receiving calcium 
antagonists acquired antiatherogenic properties, 
manifested by its ability to lower intracellular Ch and 
to inhibit proliferation of cultured cells; the same 
effect was observed also after direct admixture of the 

above-named drugs to the culture medium [17]. 
Remarkably, accumulation of lipids by cells was 
shown to be associated with an increase in their 
proliferation [17, 18]: e.g., in the cultures of smooth 
muscle cells taken from the areas of fatty infiltration 
and fatty streaks in the human aortic intima, the 
thymidine index exceeded the normal value 4.5- and 
3-fold respectively [19]. It means that 
pharmacological agents influenced cell proliferation 
and intracellular lipid accumulation in the same 
direction [20]. However, in general pathology, fatty 
infiltration is considered to be a manifestation of cell 
damage or degeneration, which can hardly be 
accompanied by enhanced cell proliferation. 

Apart from garlic, many natural substances have 
been shown by the methods described above to be 
effective against serum atherogenicity: leech salivary 
gland secretion, components of tea, black elder 
berries, calendula and violet flowers [21], grape seeds 
extract, fragmented grape stems, hop cones [22], etc. 
Squid liver fat and krill meat also produced “a marked 
reduction of blood serum atherogenicity” [23]. 
Extracts from 13 different mushrooms were shown to 
lower serum atherogenicity [24]. The method was 
applied for evaluation of sex hormones: estrogens and 
testosterone reduced serum atherogenicity and 
suppressed proliferation of cultured cells [25,26], 
whereas dihydrotestosterone had an opposite effect 
[25]. Relevance of the serum atherogenicity concept 
was confirmed quantitatively: a significant correlation 
was found between serum atherogenicity and the 
“increase of intima-media thickness of common 
carotid arteries” [27]. Furthermore, the “spontaneous 
upraise of serum atherogenicity during follow-up was 
contingent with progression of atherosclerosis 
(P=0.008)”; while the “complete removal of serum 
atherogenic potential in treated patients was 
contingent with atherosclerosis regression (P=0.014).” 
[27]. The authors claimed to have developed a “novel 
principle of direct antiatherosclerotic therapy based 
on inhibition of cholesterol deposition in arterial wall” 
[27]. As an explanation, circulating LDL-containing 
immune complexes were put forward. Ch content 
within circulating immune complexes was reported to 
correlate with the degree of coronary atherosclerosis. 
Accuracy of the coronary heart disease (CHD) 
prediction on the basis of Ch level within immune 
complexes was reported to be as high as 78 %; being 
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even higher for extra-coronary atherosclerosis [28]. 
Removal of IgG and IgM from serum was reported to 
lower its atherogenicity; while removal of circulating 
immune complexes eliminated it almost completely. It 
was concluded that immune complexes are one of the 
main sources of lipids, infiltrating the vessel wall 
leading to atherosclerosis [29]. Furthermore, a 
statistically significant correlation was found between 
serum concentration of anti-LDL antibodies and 
serum atherogenicity determined in the cell cultures 
[30]. The conclusion was that serum atherogenicity in 
CHD is caused predominantly by the Ch-containing 
immune complexes [29]. However, it is assumed that 
the possible atherogenic effect of immune complexes 
is mediated by damage to endothelium with a release 
of pro-inflammatory mediators [31]. Neither 
endothelium damage nor inflammatory phenomena 
were reproduced in the cell culture experiments. In 
other papers by the same authors, serum 
atherogenicity was explained by various LDL 
modifications: oxidation with aggregation [32], 
desialylation [33, 34], elevated negative electric 
charge [35], irreversible association [36], 
conformational modification of apo-B [37], and 
others. In contrast to the native LDL, modified LDL 
was reported to induce intracellular lipid 
accumulation in vitro [34]. However, the LDL 
modifications provide no plausible explanation for 
serum atherogenicity in cell cultures. For example, 
electronegative LDL were reported to release pro-
inflammatory mediators from endothelium, in this 
way contributing to atherogenesis [38]. LDL with low 
sialic acid content were reported to bind more avidly 
to extracellular proteoglycans in the arterial wall [39]. 
Neither endothelium nor extracellular matrix was 
present in the cell cultures. 

 
 

Discussion 
 
Known action mechanisms of antiatherogenic or 

lipid-lowering drugs include regulation of Ch 
synthesis, of lipid metabolism in the liver, intestinal 
lipid absorption or of endothelial functions [40-43]. 
All these targets are absent in the cell cultures. 
Furthermore, there is considerable evidence in favor 
of the role of inflammation and autoimmunity in the 
atherogenesis [44]. Inflammatory phenomena, 

addressed by some antiatherogenic agents [45, 46], 
are also not reproduced by this model. Other systems 
and mechanisms participating in atherogenesis, such 
as coagulation and anticoagulation systems, platelets, 
hemodynamic factors, are absent in the cell cultures. 
Finally, studying serum atherogenicity, it should be 
considered that dyslipidemia in many CHD patients 
can be found only after meals: the so-called 
postprandial lipid abnormalities [47]. Diurnal 
fluctuations of serum lipid levels were not taken into 
account in the experiments with sera and cell cultures 
discussed above. 

In vivo, the relationship between Ch uptake by 
cells and atherogenesis is inverse rather than direct. 
For example, in familial hypercholesterolemia, caused 
by abnormality of lipoprotein receptors, ineffective 
clearance of LDL-Ch from serum causes a Ch 
increase in blood and predisposition to atherosclerosis 
[48]. Downregulation of LDL-receptors contributes to 
insufficient clearance of lipoproteins from blood in 
nephrotic syndrome [49]. Another condition 
predisposing to atherosclerosis is caused by an apoE 
abnormality accompanied by lowered Ch uptake by 
cells [50]. By analogy with these examples, if a 
pharmacological agent reduces Ch uptake by cells in 
vitro, it must be expected to cause blood Ch elevation 
in vivo.  

 
 

Conclusion 
 
Considering the above, conclusions and 

recommendations for praxis, including the exact drug 
dosages [51], based on the cell culture studies 
discussed here, are unfounded and potentially 
misleading. Research quality and possible influence 
by the industry should be taken into account defining 
inclusion criteria for such studies into meta-analyses 
and systematic reviews. Scientifically inadequate 
methods can be used for the purpose of official 
registration of drugs and dietary supplements. This 
appears to be a general trend in today’s science due to 
the insatiable multi-media appetite for medical 
breakthroughs and willingness of some researchers to 
produce corresponding materials. As a result, 
supposedly antiatherogenic and other medications 
with unproven effects are offered to the elderly 
patients misinformed not only by advertising but also 
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by some publications supposed to be scientific and 
professional. In this connection, intensive 
investigation before communication of information to 
the patients, doctors and wider community should 
always take place, whereas a conditio sine qua non is 
the researchers’ integrity. 
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