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ABSTRACT 

Gene-environment interactions are increasingly understood to be a primary contributing factor in 
the etiology of cardiovascular disease. Environmental factors include person and societal-level 
variables. Genome factors include sequence variation and mechanisms controlling genome 
expression. These regulatory mechanisms are the nexus of gene-environment interactions, and 
can be transient or adaptive; the latter are termed epigenetics. Some genetic characteristics are 
highly homogeneous within ethnic groups, due to a combination of geographically derived 
natural selection and environmental factors. South Asians are a population with 
disproportionately high cardiovascular disease burden. A prevalence study of cardiovascular risk 
factors in this population provides evidence that common risk factors are alterations in cholesterol 
metabolism; specifically low high-density lipoprotein cholesterol with elevated triglycerides. 
These initial observations led to a second study yielding evidence that abdominal adiposity is not 
a necessary precursor to the development of this dyslipidemia, challenging previous assumptions. 
A third study found pro-atherogenic risk profiles in South Asians are present decades earlier than 
in other populations. While these risk factors have genetic underpinnings, the added effects of a 
changing environment (i.e., Westernization of South Asians) are not known. MicroRNA are an 
epigenetic post-transcriptional regulatory mechanism of messenger RNA translation, and are 
potential biomarkers of pathophysiology and response to interventions. MicroRNA in human 
blood are differentially expressed in numerous disease conditions, and in vitro studies indicate 
that microRNA play a role in regulation of cholesterol metabolism in response to the extracellular 
environment. Methods to quantify microRNA include microarray, in which a large number of 
microRNA targets are screened. Microarray results are then validated with the more sensitive 
quantitative polymerase chain reaction method. Using microRNA arrays and a case-control 
design of pooled bio-specimens, a fourth study identified 16 candidate microRNA biomarkers of 
this atherogenic profile, which were then verified by quantitative polymerase chain reaction. 
Several of these are known to target messenger RNA involved in cholesterol metabolism. These 
results are promising evidence for translational application of microRNA as clinical biomarkers 
elucidating underlying genetic determinants of atherogenic risk in South Asians. Further research 
is needed to determine whether microRNA expression in blood is sensitive to cardiovascular risk 
reduction interventions. 
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PROLOGUE 

My research interests include epigenetic regulation of gene expression and the development of 

risk factors for chronic disease, such as cardiovascular disease and type-2 diabetes, in response to 

social determinants of health. Prior to becoming a nurse, I worked as a research assistant on a 

pharmacogenetic study of medications for high cholesterol and hypertension, comparing response 

in Caucasians and African-Americans. As a result of this experience, I became attentive to the 

differences between these ethnic groups in health literacy and health status, and became very 

interested in knowing more about the impact of social determinants on health. During nursing 

school, I worked alongside a public health nurse performing home visits for people managing 

chronic disease, such as heart failure and asthma. Seeing patients in their home setting made it 

acutely clear to me that the environment has a profound effect on individual health status. I also 

witnessed first-hand the limitations to performing health-promoting behaviors that result from 

society-level factors such as neighborhood, access to care, education, and transportation. I 

subsequently developed a dissertation proposal aimed at studying mechanisms underlying 

cardiovascular risk in South Asians, an ethnic group disproportionately afflicted with elevated 

cardiovascular risk. This research has resulted in an enhanced description of the specific risk 

profile of South Asians living in the United States, contradicted a commonly held paradigm for 

the pathophysiologic mechanisms underlying cardiovascular risk in this population, and provided 

the first description of microRNA expression in peripheral blood in individuals with the common 

atherogenic dyslipidemia risk phenotype. 
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CHAPTER 1 

INTRODUCTION 

Over the past three decades, the debate regarding the role of nature versus nurture in 

disease etiology has given way to more complex models that accommodate a larger number of 

causal pathways and allow for interactions between risk factors on many levels. These pathways 

include both individual and environmental level factors, and incorporate the influences of both 

nature and nurture into a single comprehensive model. The examination of known environmental 

causes of disease, coupled with the recent scientific advances allowing for rapid and affordable 

detection of genetic variation, are improving our understanding of the individual and combined 

roles of genetic predisposition and environmental influences on cardiovascular disease. 

Interactions, including those occurring between an individual’s psychosocial and physical 

environment and their unique genetic “makeup,” are now accepted to have an important role in 

nearly all cardiovascular disease conditions and underlying biological processes.  

Chapter 2 introduces the theoretical framework for this body of work. Unaccounted for 

gene-environment interactions are hypothesized to be a common alternative explanation for 

paradoxical findings about the etiology and prevention of cardiovascular disease. Environmental 

exposures can increase or decrease the effect of genetic predisposition, and vice versa. Lifestyle 

interventions to prevent and treat cardiovascular disease and its risk factors are in part 

unsuccessful because of incomplete understanding of the underlying biology of the disease and 

how manifestation of a disease is moderated by the environment. Thus, increasing the 

effectiveness of interventions may be possible through a more comprehensive understanding of 

the biology of cardiovascular disease, including interactions between genetic predisposition and 

environmental components such as lifestyle and behavioral variables.  

One pathway to improving cardiovascular risk reduction is through community-based 

interventions like health coaching. Health coaching is a tool to engage patients in their health 

behaviors. As opposed to the traditional method of health care providers prescribing behavioral 
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recommendations, which is widely shown to result in poor adherence, coaching engages the 

patient in the process of recognizing their readiness to adopt new behaviors, reasons for 

ambivalence, and engaging in behavior change. Although previous studies of coaching 

interventions have been primarily conducted in Caucasian populations, there is growing interest 

in assessing the efficacy of this type of intervention for decreasing cardiovascular risk in other 

ethnic groups. The effects of ethnicity on health are complex, and likely arise from both genetic 

characteristics of individual ethnic groups and common cultural practices. Gene-environment 

interactions are almost certainly at play. One approach to cultural modification of a coaching 

intervention is to incorporate behaviors and beliefs common to a specific ethnic group. Chapter 3 

describes an example of a culturally tailored community-based program aimed at reducing 

cardiovascular risk in South Asians. This program provides individualized, culturally specific 

dietary, physical activity, and stress reduction recommendations, and encouragement of behavior 

change and improvement in modifiable cardiovascular risk factors through regular discourse 

between participants and individually assigned coaches. 

Compared to other ethnic groups, South Asians have at least two-fold increased risk for 

cardiovascular disease, making primary prevention of paramount importance in this population. 

Increased risk has been observed in both native and immigrant populations, and onset of risk 

factors and cardiovascular events often occurs as much as a decade earlier than in other ethnic 

groups, indicating that genetic predisposition plays a significant role. South Asians represent an 

increasingly large proportion of the United States population, with the highest concentrations 

living in urban areas. As described in greater detail in Chapter 4, many South Asians residing in 

the United States are first generation immigrants with a number of demographic characteristics 

that are typically protective from disease risk, such as marriage and a high level of education. Yet 

this group appears to have equal frequency of cardiovascular risk factors as the multi-ethnic 

United States population.  
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The causes underlying this risk are not fully understood, however atherogenic 

dyslipidemia, characterized by low level of high-density lipoprotein cholesterol (HDL-c) 

accompanied by elevated triglycerides, occurs far more commonly than other traditional 

cardiovascular risk factors (i.e., elevated low-density lipoprotein cholesterol, elevated blood 

pressure). Atherogenic dyslipidemia is associated with impaired insulin metabolism, leading to 

hyperglycemia and the development of type-2 diabetes. The clustering of these metabolic 

abnormalities, with or without the addition of hypertension, is termed Metabolic Syndrome. The 

underlying strata for development of Metabolic Syndrome is a topic of debate. Previous 

definitions of the Metabolic Syndrome necessitated abdominal obesity (measured by waist 

circumference) accompanied by at least two of four additional risk factors (low HDL-c, elevated 

triglycerides, elevated blood glucose, elevated blood pressure). More recently, a consensus 

statement from a number of national and international organizations defines the condition as three 

of the five risk factors listed above, without the prerequisite of abdominal adiposity.  

Further complicating the picture, measures of adiposity may not perform equally well 

across ethnic groups. Asian populations appear to have a higher proportion of harmful visceral 

abdominal fat that is not readily measured by common measures of adiposity such as waist 

circumference. The relative excess of visceral adipose tissue compared to subcutaneous adipose 

tissue is hypothesized to be a mechanism by which South Asians are particularly susceptible to 

the development of metabolic abnormalities. As described in Chapter 5, we found evidence to the 

contrary, showing a significant proportion of overweight and obese individuals of South Asian 

ethnicity are metabolically normal, while multiple metabolic risk factors frequently occur in 

normal weight individuals. Thus the mechanisms underlying cardiovascular risk in this ethnic 

group may be unique and have yet to be fully elucidated. 

Although South Asians are particularly susceptible to cardiovascular disease, and a 

common risk phenotype is present, the condition is still complex and undoubtedly arises from a 

combination of both genetic and environmental risk factors. As described in detail in Chapter 6, 
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microRNA (miR) are small molecules that mediate the relationship between the demands placed 

on an organism by the environment and expression of genes. Commonly categorized as an 

epigenetic mechanism, miR cause changes in gene expression and ultimately the phenotype 

without a requisite alteration of the underlying genetic code, and are hypothesized to regulate the 

development of complex chronic conditions like the metabolic syndrome. Preliminary data 

suggest a role for miR in the development and progression of obesity, dyslipidemia, elevated 

blood pressure, and impaired glucose metabolism. These observations beg the question of 

whether studies of miR may begin to disentangle the interplay between genetic predisposition and 

environmental exposures in the onset and progression of cardiovascular risk factors.  

MiR are the subject of great interest, as they have potential to provide novel insights into 

mechanisms of disease, and have tremendous clinical translational potential. There are three 

implications for miR in clinical practice: (1) measurement of risk for significant clinical 

outcomes; (2) assessment of expression before and after risk reduction interventions (e.g., 

medication, diet, physical activity) to determine whether expression is differential, and whether 

miR are biomarkers for changes in clinical risk profile; and (3) as an intervention via either 

inhibition of endogenous miR or augmentation of miR levels with synthetic mimics. All three are 

relevant to cardiovascular risk factors, including atherogenic dyslipidemia. Prior studies provide 

strong support for the latter two applications, with exciting translational findings showing 

significant changes in cholesterol levels in large primates treated with a miR inhibitor. However 

to date, there is a dearth of research on miR as a biomarker for cardiovascular risk humans. 

Studies of this nature are the logical precursor to conduct of intervention studies in which miR are 

used as measures of response or as the intervention itself.  

Standards for accurate and precise measurement are an important consideration in studies 

of miR expression, and are described in Chapter 7. The first level is collection from an 

appropriate tissue source and preservation of unstable miR molecules. They highly dynamic and 

specific nature of miR means that expression is variable between tissue types within a single 
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organism. Although measurement of miR from liver, for example, might be useful for 

understanding mechanisms of dyslipidemia, accessing human liver tissue is invasive and incurs 

health risk. However, blood, being a signaling medium that is routinely accessed in clinical care 

with minimal risk, is a realistic candidate for translational studies of miR expression. The second 

step is isolation of miR from other cellular components and larger RNA molecules. Once miR of 

acceptable quality and quantity is obtained, there are three common methods by which it can be 

quantified: Northern blot, quantitative polymerase chain reaction (qPCR), and microarray. Each 

method has strengths and weaknesses that are described in chapter seven. The selected 

measurement method also has implications for analysis, including standardization of starting 

quantity of miR isolated from tissue, and adjustment for comparison of up to 1,000 discrete miR 

species.  

Chapter 8 describes a study comparing miR expression in blood between individuals with 

and without cardiovascular risk factors. Based on the finding that atherogenic dyslipidemia, with 

or without abdominal adiposity, is the most common cardiovascular risk phenotype in South 

Asians, this was selected as the phenotype of interest to begin investigating the role of miR in this 

unique population. The study utilized array-based methods to screen blood for prevalent and 

differentially expressed miR, followed by qPCR validation of targets with biologically plausible 

function. Eighty-five miR targets were screened, and 16 (19%) displayed at least two-fold 

differential expression that was statistically significant. Of those, expression differences were 

validated for three miR that likely target genes regulating lipid metabolism: miR-106b, miR-125b, 

and miR-21. The findings of this study support the hypothesis that miR expression in blood is a 

biomarker for cardiovascular risk factors. Future directions include delving into the specific 

molecular pathways targeted by these miR, longitudinal studies with repeated measures of miR 

expression and cardiovascular risk factors, and measuring miR before and after risk reduction 

interventions. 
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CHAPTER 2 
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CHAPTER 3 

A CULTURALLY SPECIFIC HEALTH COACHING PROGRAM TO REDUCE 

CARDIOVASCULAR RISK IN SOUTH ASIANS 

 

Background 

Health coaching is a tool to engage patients in their health behaviors. As opposed to the 

traditional method of health care providers prescribing behavioral recommendations, which is 

widely shown to have poor adherence, coaching engages the patient in the process of recognizing 

their readiness to adopt new behaviors, reasons for ambivalence, and engaging in behavior 

change (1). The use of health coaching has been shown to be an effective strategy for reducing 

cardiovascular risk factors. A large randomized control trial in Australia found that telephone-

based coaching by health personnel (nurses and dieticians) was effective at decreasing total 

cholesterol and other cardiovascular risk factors after one year compared to the usual care group 

(2). The coaching program was an iterative process of developing and executing a plan for 

behavior change (i.e. diet and physical activity), and did not directly involve prescription of 

medications (2). A randomized control trial in the United States provided a similar intervention 

delivered by nurse practitioners and community health workers, with incorporation of aggressive 

medication management, and also found significant improvement in cardiovascular risk factors in 

the intervention group (3). Preliminary evidence suggests that coaching strategies are also 

effective in management of related disease conditions, including type 2 diabetes (4) and obesity 

(5), and studies to determine the efficacy and required intensity of coaching interventions are 

ongoing (6, 7). 
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Compared to other ethnic groups, South Asians have at least two-fold increased risk for 

cardiovascular disease (8), making primary prevention of paramount importance in this 

population. Increased risk has been observed in both native and immigrant populations (9), and 

onset of risk factors and cardiovascular events often occurs as much as a decade earlier than in 

other ethnic groups (10, 11). The Indian sub-continent was projected to account for 60% of global 

cardiovascular burden by 2010 (9), and South Asians in the United States and Europe have a 

disproportionately high prevalence of cardiovascular risk factors (12, 13), despite the presence of 

protective demographic factors (14). In India, the cost of cardiovascular medications alone is 

estimated to be $450 million per year, with a projected cost of $3.8 billion annually if optimal 

therapy was achieved (15). Coaching performed by non-medically trained personnel is a 

promising and cost-effective complement to medical treatment for primary prevention of risk 

factors for cardiovascular disease. 

Previous studies of coaching interventions have been primarily conducted in Caucasian 

populations (2, 16). There is growing interest in assessing the efficacy of this type of intervention 

for decreasing cardiovascular risk in ethnic sub-groups (4, 17), however to our knowledge, no 

prior studies have conducted a coaching intervention in the high risk South Asian population. 

Further, there is a paucity of evidence on the effect of providing culturally specific coaching that 

is tailored towards an individual’s typical dietary and lifestyle patterns. The South Asian Heart 

Center has developed a coach-based cardiovascular risk reduction intervention called Heart 

Health Coaching. The aims of this intervention are two-fold: (1) to provide individualized, 

culturally specific dietary, physical activity, and stress reduction recommendations, and (2) to 

encourage behavior change and improvement in modifiable cardiovascular risk factors through 

regular discourse between participants and individually assigned coaches. The purpose of this 

paper is to describe the Heart Health Coaching intervention and report the number and 

characteristics of participants enrolled over five years. 
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Methods 

Setting and Sample 

The South Asian Heart Center, located at a community hospital in the Bay Area region of 

California, is a primary prevention program aimed at reducing cardiovascular risk in South 

Asians. Participants are recruited to the program through outreach events at community centers 

and corporations, physician referral, and word-of-mouth. Adults who self-identify as South Asian 

are eligible to undergo the cardiovascular disease risk screening process and participate in the 

coaching program.  

Baseline Data Collection 

Participants indicate their interest in the program by self-registering on the South Asian 

Heart Center’s internet-based database. The initial screening consists of three components: Heart-

Health Risk Assessment questionnaire, anthropometric measurements, and laboratory testing 

(Figure 1). The questionnaire consists of 70 questions regarding demographics, personal and 

family medical history, and behavioral and lifestyle information, and is obtained by via scripted 

telephone interview between the participant and a volunteer coach. This is a pre-scheduled 

conversation, lasting approximately 30 minutes. Trained staff members complete anthropometric 

measurements (height, weight, and waist circumference) and blood pressure and heart rate.  

Laboratory measurements are performed by Berkeley HeartLab (Alameda, CA) and include 

advanced lipoprotein testing, including low density lipoprotein cholesterol (LDL-c) sub-fractions, 

high density lipoprotein cholesterol (HDL-c) sub-fractions (segmented gradient gel 

electrophoresis), Apolipoprotein-B and Lipoprotein (a) (immunoturbidimetric assay), and other 

biomarkers associated with cardiovascular risk, including glucose, insulin, fibrinogen, 

homocysteine, and C-reactive protein. Participants pay insurance co-pay or subsidized full cost of 

the laboratory testing, depending on individual insurance coverage. At this initial visit, 

participants are asked if they would like to provide informed consent to participate in research. 
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All data reported here were obtained under the approval of the El Camino Hospital Institutional 

Review Board.  

Risk Assessment and Recommendations 

The South Asian Heart Center employs a Health Educator/Dietician, who uses the data 

collected in the initial questionnaire, labs, and anthropometric measurements to create an 

individual risk report. For the highest-risk patients, the Medical Director is also consulted. 

Participants return for a 30-minute results and recommendations consultation (Figure 1). During 

the results and recommendations consultation, the Health Educator reviews cardiovascular risk 

factors and makes specific lifestyle modification recommendations based on the participant’s 

current reported diet and physical activity. Dietary recommendations are tailored to the 

participant’s typical diet (i.e. South Asian versus Western). Every participant receives a Wellness 

Packet, providing information about nutrition, exercise, Type-A behavior modification, smoking 

cessation, Transcendental Meditation, and yoga. It also includes information on wellness 

programs offered in the local community. Although recommendations are individually tailored, 

the overall goals for diet are consumption of at least three fruits per day and at least four 

vegetables per day, and performing at least 150 minutes of physical activity per week. The 

physical activity goal is based on the United States Department of Health and Human Services’ 

recommendation of performing at least 150 minutes of moderate intensity physical activity per 

week (18) and the American Heart Association/American College of Sports Medicine 

recommendation to perform at least 30 minutes of moderate-intensity physical activity five days 

per week (19). Dietary goals are taken from the United States Department of Agriculture and 

American Heart Association recommendations to consume 4-5 servings each of fruits and 

vegetables each day (20, 21). 

At the completion of the results and recommendations consultation, participants are 

scheduled for an additional phone consultation with a registered dietitian for further review and 

planning, and have the opportunity for a phone follow-up with an exercise physiologist and a 
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group orientation with a Transcendental Meditation teacher. A follow-up testing schedule for 

laboratory measurements is determined from initial risk profile, ranging from three months to five 

years. Results of the baseline screening and the risk assessment are recorded in an internet-based 

database that is accessible to the South Asian Heart Center’s staff and coaches. At the consent of 

the participant, results are also sent to the primary health care provider. The South Asian Heart 

Center does not prescribe medications, however all participants are strongly encouraged to follow 

up with their primary health care provider, particularly when medication may be indicated. For 

participants with at least one clinical risk factor, the health educator recommends participation in 

the one-year coaching program (Figure 1). Participants are provided with information about the 

role of the coaches, which includes tracking progress, providing help with overcoming barriers to 

making lifestyle changes, assessing adherence, and providing reminders about follow-up blood 

tests. The coaching program is provided at no cost to the particpant.  

Coaching  

The coaching program utilizes volunteer coaches, who either initiate a relationship with 

the South Asian Heart Center, or are recruited by current volunteers. Coaches are expected to 

commit to a minimum of eight hours per week for one year. Some coaches have previous 

experience in healthcare settings, but none are trained healthcare professionals. Coaches attend 

training sessions delivered by Berkeley HeartLab clinical personnel, during which multiple case 

studies are analyzed and discussed. New coaches are assigned to a mentor who provides one-on-

one training for 1-2 months. Additional training is provided by lectures from experts on health 

behavior change and motivation, including curriculum on therapeutic lifestyle changes offered by 

the South Asian Heart Center’s Medical Director. Each coach has a caseload of approximately 40 

participants. Individuals who opt in to the coaching program are assigned to a coach based on the 

level of risk, level of coaching required, and workload distribution.  

Participants choose whether they would like to be contacted by their coach via phone or 

email. The coaches’ initial contact with a participant occurs 2-4 weeks after the results and 
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recommendations consultation (Figure 2). During this initial email or phone call, 

participants are asked specific questions regarding their success in incorporating the 

Health Educator’s suggested lifestyle changes, and coaches troubleshoot any reported 

difficulties. The coaches use several templates and scripts that are then personalized with 

relevant details for an individual participant. The South Asian Heart Center Medical 

Director and Health Educator compose and review all the information provided to 

participants. Coaches record participant responses in progress note format in the internet-

based database. 

Depending on the number of risk factors, subsequent communication between 

coaches and participants occurs in intervals of every 4-6 weeks or every 3 months for one 

year (Figure 2). At each point of contact, coaches continue to assess progress with 

behavioral recommendations, help troubleshoot obstacles, and provide encouragement. 

Troubleshooting includes identifying reasons why participants are not meeting goals, and 

providing alternative suggestions or short-term intermediate goals. For example, a commonly 

reported obstacle is lack of time to meet physical activity recommendations. Coaches will suggest 

three shorter brisk walks per day as an alternative to a dedicated 30-minute session; if this sounds 

difficult, the coach might suggest starting with one short walk per day, increasing to two and then 

three after several week intervals. For dietary recommendations, coaches will remind participants 

that they will benefit from an increase of one fruit or vegetable serving per day, and similar to 

physical activity, will suggest increasing the number of servings again after several weeks of 

successfully adding one serving per day. Information collected at each point of contact is 

recorded in the internet-based database in the form of coach-assessed level of adherence for five 

categories. Four are objective measures (adhering to dietary recommendations, performing 

physical activity, performing stress reduction activities, medication adherence (when relevant)), 

based on the goal of consuming at least three fruits per day, at least four vegetables per day, and 
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performing at least 150 minutes of physical activity per week (Table 1). Coaches subjectively 

score the fifth measure, which is overall adherence (Table 1). In the case of non-response by a 

participant, the coach makes three contact attempts before the participant is removed from 

the coaching program (Figure 2). Documentation of contact attempts is recorded in the 

internet-based database. 

Follow Up Data Collection  

For participants who opt in to the coaching program, the questionnaire is repeated after 

one year, again by a scheduled, scripted telephone interview (Figure 1). Participants who were 

not eligible or did not elect to engage in the coaching program are also re-contacted after one year, 

and a follow-up questionnaire is collected if the participant is willing. Repeated laboratory and 

anthropometric measures are offered to all participants on an annual basis.   

Statistical Analysis 

Descriptive statistics, Student’s t-test, and Chi-square test of independence were performed using 

Stata version 11 (College Station, TX). 

 

RESULTS 

Participant Flow and Follow-Up 

Over five years, 3,287 individuals completed baseline screening, including questionnaire, 

anthropometric measurements and blood pressure, laboratory tests, and the results and 

recommendations consultation. The great majority, 3,132 (98%) were candidates for the coaching 

program. Of those, 2,726 (87%) elected to participate in the coaching program, and 1,359 (50%) 

followed through with their participation. Among the non-participants, 112 (8%) dropped out 

during the first year, while 1,255 (92%) did not respond to the coaches’ three attempts at contact, 

and were therefore removed from the coaching program. Over five years, 1,051 (39%) individuals 
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who opted in to the program have completed one year of coaching, and an additional 308 (11%) 

are active participants in the first year.  

Participant Characteristics 

The majority of participants in the coaching program are married (93%) immigrants from South 

Asia (92%) with college-level education (96%) in their forties (43 years ± 10) (Table 2). Few 

participants report a history of cardiovascular disease (3%) or type-2 diabetes (9%), but there is a 

very high prevalence of family history of these conditions (cardiovascular disease 37%, type-2 

diabetes 57%). The prevalence of smoking is very low (4%). Few participants meet the 

recommended daily intake of fruits (17%) and vegetables (9%) or time spent each week 

performing physical activity (35%). With the exception of body mass index (26kg/m2 ± 5), mean 

values for clinical variables are within normal ranges. Consistent with the eligibility criteria for 

the coaching program of having at least one cardiovascular risk factor, the coached group had 

more abnormal clinical values than the non-coached group. Compared to the coached group, the 

non-coached group is less likely to have college level education (90% versus 96%, p<0.05), and 

more likely to have been born in the United States (19% versus 4%, p<0.05). The non-coached 

group also has a lower prevalence of family history of cardiovascular disease (19% versus 37%, 

p<0.05) and type 2-diabetes (29% versus 57%, p<0.05). 

 

Discussion 

We described a culturally specific coaching intervention aimed at decreasing 

cardiovascular risk in South Asians. A convenience sample of individuals underwent a 

comprehensive risk assessment, and those with at least one cardiovascular risk factor were invited 

to participate in the coaching program. Accordingly, the group of people who were referred to, 

and elected to participate in the program had a higher level of cardiovascular risk than those who 

were not eligible or opted out. This program provided coaching by non-medically trained 

personnel at regular intervals over the course of one year to facilitate improvement in behavioral 
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risk factors, namely diet, physical activity, stress reduction, and medication adherence when 

appropriate. We found that a large number of people were interested in and completed the 

program, indicating this is a feasible and appealing intervention in this population. Attrition 

primarily occurred at initiation of the intervention, and only 4% of participants who enrolled 

failed to complete the program. Additional studies with a longitudinal time-frame are needed to 

determine whether this intervention is also effective at improving clinical risk factors and 

decreasing incidence of cardiovascular disease in the high-risk South Asian population.  

To our knowledge, this is the first adaptation of a health coaching model to incorporate 

culturally-specific components with non-medically trained coaches, and the first program targeted 

the high risk South Asian population. While a general approach to effecting change in behavior 

through coaching is effective (22), we do not know if additional improvements might result from 

the tailoring of coaching interventions to address specific cultural dietary and behavioral patterns, 

or whether interest and adherence of participants would be improved. Cultural specification, or 

tailoring, of other health-related interventions, including education, prevention, screening, and 

provider communication, has been widely implemented. Strategies to successfully adapt practices 

and interventions to be culturally specific continue to be to subject of research. Coaching 

interventions can learn from the knowledge base on cultural specificity developed in other health-

related programs, and outcomes data from culturally specific coaching interventions such as the 

program described here can add a new and novel facet to this knowledge base.    

We found that the non-coached group, who by eligibility definition were at lower risk for 

cardiovascular disease, also had a markedly lower prevalence of family history of cardiovascular 

disease and type-2 diabetes. This suggests that either genetics or learned familial behaviors, or 

likely a combination of both, predispose cardiovascular risk in the South Asian population. The 

interaction between genetic predisposition and the environment, including learned behavior, is 

increasingly thought to be equally as important as either of these factors alone in the development 

of cardiovascular disease and it’s risk factors (23-28). However, this interaction has not been 
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specifically studied in South Asians, taking into account culturally specific aspects of diet and 

behavior. Interestingly, we also observed that the non-coached group were slightly less likely to 

have a college-level education, and more likely to have been born in the United States. While the 

impact of these factors on other populations has been studied (29, 30), further research is needed 

to disentangle the impact of social determinants of health, such as education level, socioeconomic 

status, and immigration, in the South Asian population. 

Coaching interventions like the Heart Health Coaching program have the potential for 

tremendous cost savings in prevention and treatment of cardiovascular disease. Given the 

substantial financial burden of cardiovascular disease, as well as the increasing global incidence, 

determining financially sound methods of prevention and treatment are of paramount importance. 

As evidenced by the high global incidence and prevalence of cardiovascular disease, current 

modalities for prevention, in addition to being costly, have less than desirable efficacy (31, 32). In 

contrast, preliminary data from trials of coaching interventions indicate significant improvements 

in health, meaning coaching interventions have the dual promise of being effective in both 

clinical outcomes and cost measures (2, 4, 5). Longitudinal data are needed to determine whether 

coaching strategies can effect long-lasting improvement in health status, and whether these 

improvements will be associated with decreased incidence of cardiovascular disease and related 

costs. 
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Table 1. Adherence Assessment by Coaches 

 

Behavior Description 

DIET AND NUTRITION  

No New Input Participant did not address diet and nutrition questions in responses to coach 

0-4 Meals/Week Participant is eating 0-4 meals/week in accordance with recommendations 

5-17 Meals/Week Participant is eating 5-17 meals/week week in accordance with recommendations  

> 18 Meals/Week Participant is eating more than 18 meals/week week in accordance with recommendations  

PHYSICAL ACTIVITY  

No New Input Participant did not address exercise questions in responses to coach 

No Routine Participant is not exercising  

1-2 Times/Week Participant is exercising 1-2 times/week  

3 Times/Week Participant is exercising 3 times/week  

4-5 Times/Week Participant is exercising 4-5 times/week  

6-7 Times/Week Participant is exercising 6-7 times/week  

STRESS REDUCTION  

No New Input Participant did not address stress questions in responses to coach 

None Participant is not interested in practicing recommended stress reduction techniques 

Planned Participant is planning to practice recommended stress reduction techniques in near future 

Sometimes Participant sometimes practices recommended stress reduction techniques 

Mostly Participant often practices recommended stress reduction techniques 

Regularly Participant regularly practices recommended stress reduction techniques 

MEDICATION  

 No New Input Participant did not address medication questions in responses to coach 

 No Change Medications have not changed since last point of contact 

 No Medication Participant is not taking any medication 

 Dosage Change Participant has changed medication dosage 

 Added Medication Participant has added started taking new medication(s) 

OVERALL  

 Not Assessed  Coach did not assess overall adherence  

 Low (<20%)  Low adherence with recommendations  

 Some (20-80%)  Some adherence with recommendations  

 Mostly (>80%)  High adherence with recommendations  

 No Plan  No plan was recommended  



 28 

Table 2. Baseline demographic, behavioral, and clinical characteristics 

Characteristic 
Mean ± SD or n (%) 

Coached 
Participants 
(n = 2726) 

Non-Coached 
Opted Out 
(n = 406) 

Non-Coached 
Ineligible* 

(n = 48) 
p-value 

Age (years) 43 ± 10 43 ± 10 36 ± 11 0.4 
Gender (men) 1868 (69) 232 (57) 18 (38) <0.05 
Birth country     

South Asia 2502 (92) 367 (90) 35 (73) <0.05 
United States 96 (4) 23 (6) 9 (19) <0.05 

Education     
Bachelor’s or higher 2616 (96) 384 (95) 43 (90) <0.05 

Married 2525 (93) 368 (91) 40 (83) <0.05 
Medical History     

Cardiovascular disease 87 (3) 10 (2) 0 (0) 0.3 
Type 2 diabetes 233 (9) 35 (9) 1 (2) 0.2 

Family History     
Cardiovascular disease 1082 (37) 159 (39) 9 (19) <0.05 
Type 2 diabetes 1392 (57) 205 (54) 13 (29) <0.05 

Behaviors     
Current smoking 107 (4) 14 (3) 1 (2) 0.7 
>4 Vegetable servings/day 252 (9) 50 (12) 5 (10) 0.1 
>3 Fruit servings/day 473 (17) 82 (20) 12 (25) 0.2 
>150 Minutes physical 
activity 

951 (35) 172 (42) 21 (44) <0.05 

Stress reduction practice 892 (33) 155 (38) 10 (21) <0.05 
Clinical Variables     

TC (mmol/L) 4.9 ± 1.0 4.7 ± 0.9 4.4 ± 0.6 <0.05 
LDL (mmol/L) 3.0 ± 0.8 2.8 ± 0.8 2.5 ±0.5 <0.05 
HDL (mmol/L) 1.2 ± 0.3 1.3 ± 0.4 1.5 ± 0.3 <0.05 
TG (mmol/L) 1.6 ± 1.0 1.4 ± 0.8 0.9 ± 0.5 <0.05 
Glucose (mmol/L) 5.1 ± 1.0 5.0 ± 0.9 4.6 ± 0.5 <0.05 
Systolic blood pressure 
(mmHg) 

121 ± 16 119 ± 17 113 ± 14 0.2 

Diastolic blood pressure 
(mmHg) 

76 ± 10 73 ± 10 70 ± 8 0.2 

BMI (kg/m2) 26 ± 5 25 ± 4 23 ± 3 <0.05 
Waist circumference (cm) 89 ± 10 87 ± 10 79 ± 7 <0.05 

 

*no cardiovascular risk factors 
 
TC, total cholesterol 
LDL, low-density lipoprotein cholesterol 
HDL, high-density lipoprotein cholesterol 
TG, triglycerides 
BMI, body mass index 
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Figure 1. South Asian Heart Center Flow of Events  
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Figure 2. Coaching Flow of Events 
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Figure 3. Number of participants in each category 
 
*Risk factors include elevated total cholesterol, elevated LDL, low HDL, elevated triglycerides, 
elevated glucose, overweight, type 2 diabetes, family history of cardiovascular disease, smoking, 
elevated blood pressu 
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CHAPTER 5 

ADIPOSITY AND HEART DISEASE RISK CLUSTERING IN SOUTH ASIANS 

 
Introduction 

Wildman and associates [1] used data from the National Health and Nutrition 

Examination Surveys 1999-2004, and six criteria, to analyze the relationship between different 

degrees of adiposity and cardio-metabolic risk factors associated with insulin resistance in three 

different racial groups. Four of the criteria of cardio-metabolic risk were those, excluding waist 

circumference (WC), used to diagnose the metabolic syndrome [2], with the other two being high 

sensitivity C-reactive protein (hs-CRP) and homeostasis model assessment of insulin resistance 

(HOMA-IR). If two or more of the criteria were met, the subject was classified as being abnormal. 

Their results demonstrated that a substantial number of subjects whose body mass index (BMI) 

was ≤ 25 kg/m² were abnormal, and a comparable number whose BMI was ≥ 30 kg/m² were 

normal; findings consistent with previous publications [3, 4]. What makes the findings of 

Wildman, et. al. [1] unique is that the heterogeneity they described in the relationship between 

adiposity and cardio-metabolic risk was reasonably comparable in all three of the racial groups 

studied. 

      The current analysis is an effort to extend the findings of Wildman and associates [1], and 

had three major goals that differentiate it from their study. Firstly, we believed it important to 

evaluate the relationship between degree of adiposity and cardio-metabolic risk in apparently 

healthy individuals and for that reason excluded subjects with known cardiovascular disease 

(CVD), diabetes, hypertension, or dyslipidemia. Secondly, we wished to consider the possibility 

that the overall thrust of the findings of Wildman and colleagues [1] might have been somewhat 

confounded by their use of BMI as the primary index of adiposity, rather than waist 

circumference (WC). For example, It has been argued by Després, et. al. [5] that WC can differ 

significantly at a given BMI, and that the greater the WC, the more visceral adiposity – 
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presumably, the major factor leading to insulin resistance and associated metabolic abnormalities. 

Thus, we thought it worthwhile to address the relationship between adiposity and cardio-

metabolic risk with both BMI and WC as our primary indices of adiposity, using ethnic specific 

criteria for abdominal obesity.  Thirdly, it seemed important to evaluate a different ethnic/racial 

group than the three studied by Wildman, et. al. [1], and, in particular, a group in whom the 

findings might vary as a function of index of adiposity. We chose South Asians for this purpose 

as they have an increased prevalence of CVD, insulin resistance, hyperinsulinemia, and high 

triglycerides (TG), and low high-density lipoprotein cholesterol (HDL-C) concentrations [6-8], 

and it has been suggested that abdominal obesity accounts for these metabolic abnormalities and 

increased risk of CVD in these individuals [9-11]. 

 

Methods 

Study Subjects 

The study sample consisted of 463 women and 552 men, part of a larger group of 

volunteers (n = 4797) evaluated for cardio-metabolic risk at the South Asian Heart Center; a not-

for-profit organization providing CVD risk assessment and counseling to South Asians in the San 

Francisco Bay Area. The Institutional Review Board of El Camino Hospital, Mountain View, 

California approved the study. The authors of this manuscript have certified that they comply 

with the Principles of Ethical Publishing in the International Journal of Cardiology: Shewan LG 

and Coats AJ. Ethics in the authorship and publishing of scientific articles. Int J Cardiol 

2010;144:1-2. All participants were in generally good health and older than 18 years. Individuals 

taking drugs to lower blood pressure, glucose, or lipid levels were excluded, as were those not 

fasting for at least 10 hours. Glucose tolerance tests were not performed, but volunteers whose 

fasting plasma glucose concentration ≥ 7.0 mmol/L were considered to have diabetes and 

excluded from analysis, as were participants with a known history of hypertension, abnormal 

cholesterol, or CVD. 
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Anthropometric Measurements 

Height and weight were determined with subjects in light clothing and without shoes, and 

BMI calculated by dividing weight (kilograms) by height (meter squared). WC was measured 

using the National Health and Nutrition Examination Survey III protocol during normal minimal 

respiration by placing a measuring tape around the waist just above the uppermost lateral border 

of the iliac crest [12].  Participants were classified as being normal weight, overweight, or obese 

on the basis of their BMI, and abdominally obese or abdominally normal on the basis of their WC 

[1, 2,12].  Blood pressure was measured with an automatic blood pressure recorder, using an 

appropriately sized cuff, with subjects sitting in a chair with feet on the floor and arm supported 

at heart level.  

Laboratory Measurements 

After an overnight fast, blood samples were drawn for measurement of plasma glucose, 

insulin, TG, HDL-C, and hs-CRP concentrations at the Berkeley Heart Lab [13]. Specifically, 

glucose concentrations were measured by enzymatic rate reaction; insulin by 

electrochemiluminescence immunoassay; triglycerides by blanked enzymatic method; HDL-C by 

a homogeneous direct assay, and hs-CRP by particle-enhanced immunoturbidimetric assay. The 

insulin assay had 100% cross-reactivity with human insulin and 5% with human pro-insulin. The 

total and within-run precisions (%) of the laboratory assays were as follows: glucose (2.03, 0.82); 

insulin (2.67, 1.35); TG (2.43, 0.90); HDL-C (3.25, 0.98); and hs-CRP (1.96, 0.52). HOMA-IR 

was calculated from fasting glucose and insulin concentrations using the formula: ([fasting insulin 

(μU/ml)]*[fasting glucose (mmol/L)])/22.5 [14]. The six criteria for identifying a cardio-

metabolic abnormality were those used by Wildman, et al [1]. Criteria and cut-points are given in 

Table 1, and subjects were classified as metabolically healthy (<2 abnormal findings) or 

metabolically abnormal (≥2 abnormities) on the basis of these definitions.  

Statistical Analysis 



 42 

Descriptive statistics were used to provide means, ranges, standard deviations, and 

proportions for demographic and clinical variables. Student's t-test was used to assess for 

differences between continuous variables, and Pearson’s Chi-square was used to test for 

differences in proportions. All statistical tests were performed using STATA version 11 (College 

Station, TX).  

 

Results 

Table 2 lists the demographic and metabolic characteristics of the metabolically healthy 

and metabolically abnormal groups based on their BMI category. Approximately one quarter of 

the population was metabolically abnormal, and 32% of these individuals were of normal weight. 

Of the 75% of individuals classified as metabolically healthy, 37% were overweight/obese. It can 

be seen that the vast majority of subjects were non-smokers, did not consume alcohol, and 

participated in some degree of physical activity on a weekly basis. Not surprisingly, the values of 

the 6 risk factors being evaluated were higher in the metabolically abnormal group. It should also 

be noted that essentially all of the overweight/obese individuals, metabolically healthy or 

abnormal, were also abdominally obese (elevated WC).  

      Table 3 lists the demographic and metabolic characteristics of the metabolically healthy 

and abnormal groups based on their WC category. In general, the comparisons are similar to 

those presented in Table 2 when BMI was used to classify individuals. Thus, 28% of the 

metabolically abnormal individuals had a normal WC, and 42% of the metabolically healthy 

group was abdominally obese. As in Table 1, values of the 6 risk factors were higher in the 

metabolically abnormal group 

      Figure 1 illustrates the prevalence of metabolically healthy and metabolically abnormal 

men (Panel A) and women (Panel B) when classified on the basis of BMI. The data in Panel A 

demonstrate that 23% of normal weight men are metabolically abnormal, and 21% of obese men 

are metabolically healthy. It can also be seen that the prevalence of metabolically abnormal 
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individuals essentially doubles as you go from normal weight to overweight, and again going 

from overweight to obese.  

The data in Panel B show a quite different pattern of prevalence of the metabolically 

healthy and abnormal groups in women. At the simplest, the prevalence of metabolically 

abnormal women is much less in any BMI category when compared to men; thus only 7% of 

normal weight women are metabolically abnormal vs. 23% of men, and more than twice as many 

obese women are metabolically healthy as compared to obese men (50% vs. 21%).   

Figure 2 compares the prevalence of metabolically healthy and metabolically abnormal 

men (Panel A) and women (Panel B) when classified on the basis of WC. In certain respects these 

findings reflect the results in Figure 1. Thus, 21% of men with a normal WC were metabolically 

abnormal, as compared to 23% of men with a normal BMI (Figure 1, Panel A). Furthermore, the 

prevalence of being metabolically abnormal was again much less in women than in men; 6% vs. 

21% in those with a normal WC and 23% vs. 55% in individuals with an abnormal WC.  

Figure 3 displays the relationship between measure of adiposity and number of 

abnormalities.  Not surprisingly, the more abnormalities present, the more obese the individual.  

Thus, approximately one-third of those without any abnormality were obese/overweight by BMI 

classification or abdominally obese on the basis of their WC. At the other extreme, approximately 

90% of those with 5 abnormalities were obese/overweight or abdominally obese. Intermediate 

were those with two abnormalities, and it can be seen that approximately two-thirds of the group 

with only two abnormalities had either an abnormal BMI or WC.  

The results in Table 4 provide a more extensive analysis of the participants with 2 

abnormalities by displaying the prevalence of the risk factor clustering that defined them as being 

metabolically abnormal. These data clearly identify dyslipidemia as the most common 

abnormality. Thus, the combination of a high TG and a low HDL-C concentration were present in 

approximately one-third of this population, and one or the other of these abnormalities was 

present in another approximately one-third of individuals with two abnormalities.  
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Discussion 

At the simplest level the current results generally support the findings of the relationship 

between adiposity and presence of cardio-metabolic risk in non-Hispanic whites, non-Hispanic 

blacks, and Mexican-Americans described by Wildman, et. al. [1] in a fourth racial group – South 

Asians. Specifically, their results and our findings demonstrate that substantial numbers of 

individuals who are overweight/obese by BMI criteria can be metabolically healthy, and 

individuals with a normal BMI can be metabolically abnormal.  

On the other hand, there are differences between the two studies. In the first place, we 

stratified participants into degrees of adiposity using conventional criteria based on both BMI and 

WC [1, 2]. This decision was based on the view that abdominal obesity is more powerful than 

overall obesity as the link between excess adiposity and cardio-metabolic risk in South Asians [9-

11]. By so doing so, our results differed somewhat from what we had anticipated in that 

measurements of WC did not seem particularly advantageous as compared to determining BMI in 

identifying South Asians who were metabolically abnormal. Specifically, 502 participants were 

abdominally obese (an elevated WC), and 189 of them were metabolically abnormal (38%). 

Somewhat fewer (455) of the population were classified as being either overweight or obese by 

BMI criteria, and a similar proportion – 179 (39%) of them were metabolically abnormal. We 

cannot entirely place these data into the context of the findings of Wildman, et. al. [1] in the 3 

racial/ethnic groups they studied, but they appear to be somewhat different.  For example, 

Wildman, et. al. [1] state that “36.4 % of individuals with abdominal obesity expressed the 

metabolically healthy phenotype.”  By implication, it appears that ~64% of those with abdominal 

obesity were metabolically abnormal as compared to the ~40% abdominally obese South Asians 

who were metabolically abnormal in our study. In any event, it appears that measurements of 

BMI or WC in South Asians provide similar information as to the adverse impact of excess 

adiposity on cardio-metabolic risk.  
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A more dramatic difference between our results and those of Wildman, et. al. [1] is the 

apparent impact of sex on the relationship between adiposity and cardio-metabolic risk. Thus, 

Wildman, et. al. [1] found that “normal-weight men were 34% more likely than normal-weight 

women to have 2 or more metabolic abnormalities.” In contrast, the comparisons in Figure 1A 

and 1B indicate that normal-weight South Asian men are approximately 3-times more likely to be 

metabolically abnormal (23% vs. 7%) than normal-weight, South Asian women. Furthermore, 

South Asian men with a normal WC were also approximately 3-times more likely to be 

metabolically abnormal than were South Asian women with a normal WC (21% vs. 6%). Thus, in 

this relative young group of South Asians (mean age of approximately 40 years), the adverse 

impact of excess adiposity on cardio-metabolic risk was greatly attenuated in women, whether 

estimated by BMI or WC. 

Another, and not unexpected, difference between our findings in South Asians and those 

of Wildman, et. al. [1] in the 3 racial/ethnic groups they analyzed were the specific abnormalities 

that clustered together. Thus, they state that the 2 most common combinations were “a high 

triglyceride level/low HDL-C level and high blood pressure/high glucose level”.  It is obvious 

from Table 4 that our findings were similar in regards to the high TG and low HDL-C cluster, but 

without any predilection of the glucose and blood pressure combination. Given the increased 

prevalence of these lipid changes in South Asians [6-11] it is not surprising that they were 

commonly present in the metabolically abnormal individuals in the current study. It should also 

be noted that we excluded patients with known hypertension and diabetes from our study group, 

and this may well explain why did not observe an increased clustering of high glucose with high 

blood pressure. 

Although our findings seem relatively straight-forward, they need to be in viewed within 

the limitations of our study protocol. Thus, the population was not selected at random, but had 

responded based on their awareness of a screening program being conducted to identify cardio-

metabolic risk factors in South Asians. Although we were able to use ethnic specific criteria for 
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classifying individuals on the basis of WC [2], we are unaware of any alternative, generally 

accepted BMI criteria to classify South Asians as being normal-weight, overweight, or obese. 

Furthermore, the decision to use the six criteria employed to define cardio-metabolic risk was 

based on the prior publication of Wildman, et. al. [1], and there is no a priori evidence that this is 

the “best” approach to evaluate the relationship between excess adiposity and cardio-metabolic 

risk. Finally, limiting our analysis to apparently healthy individuals had the advantage of 

identifying disease risk, rather than disease, but it contributed to the relatively young age of our 

study group. Thus, they had a mean age of ~40 years, and at least 80% of the women were pre-

menopausal. 

On the other hand, to the best of our knowledge, our report represents the largest study in 

which standard values for cardio-metabolic risk have been reported in South Asians, and the 

relationship of these abnormities to both BMI and WC quantified. Furthermore, by excluding 

subjects with known disease, and of relatively young age, we have been able to provide an 

estimate of cardio-metabolic risk in an apparently healthy population of South Asians, a group 

recognized to be at high risk to develop type 2 diabetes and/or CVD [6-11]. Finally, from a public 

health perspective, our data support two clinically useful conclusions that seem to apply to a 

relatively young and apparently healthy population of South Asians: 1) measurements of BMI or 

WC are comparable in identifying those with a metabolically abnormal phenotype; and 2) at a 

given index of BMI or WC, men are at much greater cardio-metabolic risk than women. 
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Table 1. Criteria for Defining a Cardio-Metabolic Abnormality 

 

Measurement Cut-point 

Elevated blood pressure Systolic/diastolic blood pressure ≥130/85 mm Hg 

Elevated glucose level Fasting plasma glucose concentration ≥100 mg/dL 

Elevated triglyceride level Fasting plasma triglyceride concentration ≥150 mg/dL 

Decreased HDL-C Fasting plasma HDL-C < 40 (men) or <50 mg/dL (women) 

Insulin resistance HOMA-IR>3.77 (upper 10th percentile) 

Systemic inflammation hsCRP>5.5mg/L (upper 10th percentile) 

 

High-density lipoprotein cholesterol: HDL-C  

Homeostasis model assessment insulin resistance: HOMA-IR 

High sensitivity C-reactive protein: hsCRP
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Table 2. Demographic and Cardio-Metabolic Characteristics by Body Mass Index (Mean ± 

SD or n (%)) 

  Metabolically Normal Metabolically Abnormal 

Characteristics Overall 
n = 1015 

Normal Weight 
n = 477 

Overweight 
n = 240 

Obese 
n = 36 

Normal Weight 
n = 83 

Overweight 
n = 116 

Obese 
n = 63 

Age (years) 39 ± 9 39 ± 9 39 ± 9 41 ± 7 39 ± 8 39 ± 8 40 ± 9 
Men (%) 526 (52) 213 (45) 115 (48) 10 (28) 63 (76) 88 (76) 37 (59) 
Smoking Status        

None 911 (90) 444 (93) 220 (92) 32 (89) 72 (87) 93 (80) 50 (79) 
Former 65 (6) 23 (5) 12 (5) 2 (6) 7 (8) 15 (13) 6 (10) 
Current 39 (4) 10 (2) 8 (3) 3 (6) 4 (5) 8 (7) 7 (11) 

Alcohol Intake        
<1 drink/day 977 (96) 456 (96) 234 (98) 36 (100) 81 (98) 110 (95) 60 (97) 
1 drink per day 12 (1) 6 (1) 3 (1) 0 0 1 (1) 2 (3) 
>1 drink per day 24 (2) 14 (3) 3 (1) 0 2 (2) 5 (4) 0 

Physical Activity        
None 198 (20) 83 (18) 43 (19) 12 (35) 20 (26) 25 (23) 15 (25) 
1-2 days/week 213 (22) 105 (23) 51 (22) 2 (6) 23 (30) 23 (21) 9 (15) 
3 days/week 222 (23) 108 (23) 49 (21) 8 (24) 12 (15) 31 (28) 14 (23) 
>4 days/week 344 (35) 166 (36) 88 (38) 12 (35) 23 (29) 32 (29) 23 (38) 

Systolic blood pressure (mmHg) 116 ± 14 110 ± 10 115 ± 12* 120 ± 11** 121 ± 15 126 ± 15* 129 ± 14* 
Diastolic blood pressure (mmHg) 73 ± 9 69 ± 7 73 ± 8** 73 ± 7** 76 ± 10 78 ± 10 79 ± 10* 
Elevated blood pressure  
     (≥130/85 mmHg) 194 (19) 42 (9) 26 (11) 6 (17) 26 (31) 57 (49)* 37 (59)* 

HDL-C (mg/dL) 48 ± 13 52 ± 13 49 ± 10* 52 ± 11 39 ± 9 40 ± 8 40 ± 9 
Low HDL-C  
    (<40mg/dL men, <50mg/dL women) 260 (26) 60 (13) 28 (12) 1 (3) 58 (70) 72 (62) 41 (65) 

Triglycerides (mg/dL) 114 ± 63 90 ± 36 100 ± 42* 110 ± 39* 185 ± 85 165 ± 79 170 ± 71 
Elevated triglycerides (≥150mg/dL) 210 (21) 22 (5) 21 (9)* 6 (17)* 57 (69) 70 (60) 34 (54) 
Glucose (mg/dL) 86 ± 10 84 ± 9 85 ± 8 84 ± 10 89 ± 11 90 ± 11 93 ± 10* 
Elevated Glucose (≥100mg/dL) 85 (8) 15 (3) 4 (2) 1 (3) 19 (23) 32 (28) 14 (22) 
Insulin (μU/mL) 9.7 ± 5.7 7.3 ± 3.4 9.4 ± 3.9** 11.5 ± 4.8** 11.4 ± 5.1 13.9 ± 6.8* 18.5 ± 

8.8** 
HOMA-IR 2.1 ± 1.3 1.5 ± 0.7 2.0 ± 0.9** 2.4 ± 1.0** 2.5 ± 1.2 3.1 ± 1.5* 4.3 ± 2.1** 
Elevated HOMA-IR (>3.77) 96 (10) 4 (1) 7 (3)* 5 (14)** 17 (20) 33 (28) 30 (48)** 
Body mass index (kg/m2) 25 ± 4 22 ± 2 27 ± 1** 33 ± 3** 23 ± 2 27 ± 1** 33 ± 3** 
Waist circumference (cm) 86 ± 11 78 ± 8 89 ± 8** 98 ± 10** 85 ± 7 93 ± 6** 104 ± 10** 
Elevated waist circumference  
    (≥90cm men, ≥80cm women) 502 (49) 106 (22) 172 (72)** 35 (97)** 28 (34) 98 (84)** 63 (100) 

hsCRP (mg/L) 2.5 ± 3.7 1.7 ± 2.8 2.7 ± 3.9** 3.4 ± 3.1* 2.6 ± 4.2 3.4 ± 3.8 5.8 ± 5.2** 
Elevated hsCRP (>5.5mg/L) 98 (10) 13 (3) 22 (9)** 7 (19)** 11 (13) 21 (18) 24 (38)* 

 
Metabolically healthy: 0-1 cardio-metabolic abnormalities 
Metabolically abnormal: 2-6 cardio-metabolic abnormalities 
Cardio-metabolic abnormalities include blood pressure ≥ 130/85mmHg, triglycerides ≥ 
150mg/dL, HDL-C < 40mg/dL (men) or < 50mg/dL (women), blood glucose ≥ 100mg/dL, 
HOMA-IR > 3.77 (90th percentile), and C-reactive protein > 5.5mg/dL (90th percentile) 
Normal weight: BMI>25kg/m2 
Overweight: BMI 25-30kg/m2 

Obese: BMI>30kg/m2 
*p<0.05 compared to normal weight group  
**p<0.001 compared to normal weight group  
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Table 3. Demographic and Metabolic Characteristics by Waist Circumference (Mean ± SD 
or n (%)) 

 Metabolically Healthy Metabolically Abnormal 

Characteristics 
Normal  

Waist Circumference 
n = 440 

Elevated 
Waist Circumference  

n = 313 

Normal 
Waist Circumference 

n = 73 

Elevated  
Waist Circumference  

n = 189 
Age (years) 38 ± 8 41 ± 9** 37 ± 8 40 ± 8* 
Men (%) 232 (53) 106 (34) 60 (82) 128 (68) 
Smoking Status     

None 407 (93) 289 (92) 65 (89) 150 (79) 
Former 22 (5) 15 (5) 3 (4) 25 (13) 
Current 11 (3) 9 (3) 5 (7) 14 (7) 

Alcohol Intake     
<1 drink/day 422 (96) 304 (97) 70 (96) 181 (96) 
1 drink per day 5 (1) 4 (1) 1 (1) 2 (1) 
>1 drink per day 12 (3) 5 (2) 2 (3) 5 (3) 

Physical Activity     
None 68 (16) 70 (23)* 15 (22) 45 (25) 
1-2 days/week 104 (24) 54 (18)* 21 (30) 34 (19) 
3 days/week 97 (23) 68 (23) 11 (16) 46 (25) 
>4 days/week 160 (37) 106 (36)* 22 (32) 56 (31) 

Systolic blood pressure (mmHg) 113 ± 12 114 ± 12 122 ± 14 126 ± 15 
Diastolic blood pressure (mmHg) 70 ± 8 72 ± 8* 76 ± 9 78 ± 10 
Elevated blood pressure  
     (≥130/85 mmHg) 40 (9) 34 (11) 27 (37) 93 (49) 

HDL-C (mg/dL) 52 ± 13 51 ± 11 40 ± 9 39 ± 8 
Low HDL-C  
    (<40mg/dL men, <50mg/dL women) 55 (13) 34 (11) 43 (59) 128 (68) 

Triglycerides (mg/dL) 91 ± 37 98 ± 40* 181 ± 90 169 ± 75 
Elevated triglycerides (≥150mg/dL) 21 (5) 28 (9)* 50 (68) 111 (59) 
Glucose (mg/dL) 84 ± 9 85 ± 9 89 ± 11 91 ± 10 
Elevated Glucose (≥100mg/dL) 12 (3) 8 (3) 17 (23) 48 (25) 
Insulin (μU/mL) 7.2 ± 3.3 9.5 ± 4.2** 11.3 ± 5.1 15.3 ± 7.8** 
HOMA-IR 1.5 ± 0.7 2.0 ± 0.9** 2.5 ± 1.2 3.4 ± 1.8** 
Elevated HOMA-IR (>3.77) 4 (1) 12 (4)* 16 (22) 64 (34)* 
Body mass index (kg/m2) 23 ± 2 27 ± 3** 24 ± 2 29 ± 4** 
Waist circumference (cm) 78 ± 7 90 ± 7** 83 ± 6 97 ± 9** 
Elevated waist circumference  
    (≥90cm men, ≥80cm women) 0 313 (100) 0 189 (100) 

hsCRP (mg/L) 1.7 ± 2.9 2.7 ± 3.6** 2.3 ± 3.6 4.3 ± 4.6* 
Elevated hsCRP (>5.5mg/L) 12 (3) 30 (10)** 9 (12) 47 (25)* 

 
Metabolically healthy: 0-1 metabolic abnormalities 
Metabolically abnormal: 2-6 metabolic abnormalities 
Metabolic abnormalities include blood pressure ≥ 130/85mmHg, triglycerides ≥ 150mg/dL, HDL-
C < 40mg/dL (men) or < 50mg/dL (women), blood glucose ≥ 100mg/dL, HOMA-IR > 3.77 (90th 
percentile), and C-reactive protein > 5.5mg/L (90th percentile) 
Normal waist circumference < 90 cm (men), <80 cm (women) 
Elevated waist circumference ≥ 90 cm (men), ≥ 80 cm (women) 
*p<0.05 compared to normal weight group  
**p<0.001 compared to normal weight group 
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Table 4. Clustering of Two Cardio-Metabolic Risk Factors  

Cardio-Metabolic Risk Factor Cluster Frequency (n (%)) 
Low HLD-c and elevated triglycerides 59 (34) 
Low HDL-c and elevated blood pressure 14 (8) 
Low HLD-c and elevated blood glucose 14 (8) 
Elevated triglycerides and elevated blood pressure 14 (8) 
Low HDL-c and insulin resistance 11 (7) 
All other combinations 57 (34) 
  

Elevated blood pressure ≥130/85 mmHg 
Low HDL-c <40mg/dL men, <50mg/dL women 
Elevated triglycerides ≥150mg/dL 
Elevated Glucose ≥100mg/dL 
Elevated HOMA-IR >3.77 (upper 10th percentile) 
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Figure 1. Prevalence of Cardio-Metabolically Healthy and Cardio-Metabolically Abnormal 
by BMI Group (panel A, men; panel B, women) 

 

A      B 

  

 

*p<0.05 compared to normal weight group 
**p<0.001 compared to normal weight group 
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Figure 2. Prevalence of Cardio-Metabolic Healthy and Cardio-Metabolically Abnormal by 
Waist Circumference. (panel A, men; panel B, women). 
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**p<0.001 compared to normal weight group 
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Figure 3. Number of Cardio-Metabolic Abnormalities by Adiposity (panel A, body mass 
index, panel B waist circumference) 

 

A      B 
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CHAPTER 8 

MicroRNA ASSOCIATED WITH ATHEROGENIC DYSLIPIDEMIA IN SOUTH ASIAN 

MEN 

 
Introduction 

MicroRNA are structural components of an epigenetic mechanism of post-transcriptional 

regulation of messenger RNA (mRNA). MicroRNA function by binding to a complementary 18-

24 nucleotide precursor region on mRNA known as the “seed” sequence, thereby preventing 

initiation of translation of mRNA to amino acids. MicroRNA regulation can be temporary, when 

the microRNA release the mRNA, or permanent, causing degradation of the mRNA strand. 

Currently, there are several hundred discrete microRNA species identified in humans, with 

approximately 85 currently known to be detectable in human plasma and serum. 

There is mounting evidence to support a role for microRNA in regulation of lipoprotein 

metabolism by influencing lipoprotein synthesis, reverse cholesterol transport, and insulin 

signaling (1). MicroRNA inhibition studies in animals show very promising results, where 

inhibition of microRNA-33 in large primates resulted in significant increases in high-density 

lipoprotein cholesterol (HDL-c) and decrease in triglyceride levels with no apparent short-term 

side effects. (2) The majority of studies to date have been performed in vitro, and little is known 

about the function of microRNA and lipoprotein metabolism in humans. While, in vitro studies of 

human hepatocytes and other cell types are useful for elucidating molecular events, they have 

limited potential for translational biomarker applications, as the model tissues (e.g., hepatocytes) 

studies are rarely accessed in routine clinical care. Moreover, the majority of in vitro models 

utilize cell lines that differ considerably from primary cells.  

Currently, microRNA have two obvious translational biomarker applications: biomarkers 

of underlying pathology (e.g. dyslipidemia), and biomarkers for response to interventions. 

However, in order for microRNA expression to be clinically practical in humans, detection must 
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be feasible in a readily accessible tissue such as blood. Measurement of microRNA expression in 

blood for a wide array of conditions including myocardial infarction and injury (3, 4) and stroke 

(5) have shown distinct patterns of expression in disease states compared to controls. These 

findings suggest that measurement of microRNA in peripheral blood of individuals with 

dyslipidemia could provide clinical biomarkers. To our knowledge, no studies of blood-based 

microRNA expression in humans with dyslipidemia have been reported. 

In order to identify potential microRNA biomarkers for pro-atherogenic dyslipidemia, we 

selected a population with a markedly increased prevalence of this condition. South Asians are 

disproportionately afflicted with early, severe atherosclerotic cardiovascular disease. (6, 7) 

Dyslipidemia is highly prevalent and appears to be a primary contributor to disease in this 

population (8), and is often characterized by normal levels of total cholesterol and low-density 

lipoprotein cholesterol (LDL-c), but low HDL-c and elevated triglycerides. (6, 9) Because this 

phenotype is common in not only South Asians but also in other ethnic groups (10), it was 

selected as the initial focus for studying blood-based microRNA expression associated with 

abnormal cholesterol. The aims of this study were to measure microRNA species known to be 

prevalent in human plasma and serum, to determine their expression in South Asian men with and 

without atherogenic dyslipidemia, and to validate those microRNA with plausible biologic 

function in atherogenic dyslipidemia via quantitative polymerase chain reaction (qPCR). 

 

Methods 

Participants 

The design of this study was a nested case-control study of South Asian men with and 

without atherogenic dyslipidemia. Participants were recruited from the South Asian Heart Center 

at El Camino Hospital (Mountain View, CA), a not-for-profit cardiovascular risk reduction 

program. Adult men who self-identified as South Asian and were not taking medication to alter 

cholesterol were approached to participate. In order to limit potential variability in microRNA 
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expression resulting from physiological phenomena (i.e. hormonal fluxuation) other than 

dyslipidemia, we excluded women. Additionally, individuals with a body mass index <20kg/m2 

or >35kg/m2, current smokers, heavy alcohol users, and those with previously diagnosed type 1 or 

type 2 diabetes were excluded. Men with HDL-c < 40mg/dL and triglycerides > 150mg/dL were 

defined as cases, and the comparison controls had neither of these conditions. 

Demographic and medical history data were collected by scripted telephone interview 

administered by trained personnel during enrollment into the risk reduction program. (9) 

Anthropometrics and blood pressure were obtained during the initial enrollment visit by trained 

personnel. Venipuncture was performed following 10-hour fast, and lipoprotein quantification 

was performed using calorimetric methods; HDL-c, triglycerides, and glucose were measured 

using reagents from Roche Diagnostics (Indianapolis, IN) and performed on the Roche Modular 

PPP Analyzer (11). Potential participants who expressed interest in the study provided a sample 

of their blood for microRNA analysis during the same visit in which anthropometric, blood 

pressure, and lipoprotein measures were performed. This study was approved by the Committee 

on Human Research at the University of California, San Francisco, and the Institutional Review 

Board at El Camino Hospital. 

microRNA Isolation 

Blood for microRNA analysis was collected into PAXgene tubes (PreAnalytiX, 

Switzerland), which contain a reagent to lyse cells and stabilize RNA, per the manufacturer’s 

protocol, and stored at -80°C until accrual targets were reached. The PAXgene Blood microRNA 

Kit (PreAnalytix, Switzerland) was used to isolate microRNA from whole blood following the 

manufacturer’s instructions. Briefly, solid contents from PAXgene tubes were isolated and treated 

with guanidine thiocyanate, proteinase K, 99.9% ispropanol, and DNase, then suspended in an 

RNase free hydration buffer. Total RNA quantity was measured by spectrophotometry 

(NanoDrop, Thermo Scientific, Wilmington, DE), and total RNA and small RNA quantity and 
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quality were measured by gel electrophoresis (Bioanalyzer, Agilent Technologies, Santa Clara, 

CA).  

Case and Control Pools 

For array analysis, pools of RNA representing cases (20 samples composed the case pool) 

and controls (20 samples composed the control pool) were created. Input quantity for each sample 

was based on the microRNA concentration (defined as 18-24 nucleotide size range) determined 

by gel electrophoresis. Four participants (2 cases, 2 controls) were excluded from pools due to 

unacceptably low microRNA concentration, making inclusion in each pool untenable (i.e., 

requiring lyophilization to reduce fluid volume). Parenthetically, while total RNA concentration 

as measured by spectrophotometry and gel electrophoresis was highly correlated (ρ = 0.81, p < 

0.05) microRNA concentration was less well correlated with either total RNA measure (ρ = 0.08, 

p = 0.6 (nanodrop), ρ = 0.18, p = 0.26 (bioanalyzer)). 

Reverse Transcription 

Total RNA from individual samples and pools was reverse transcribed into 

complementary copy DNA (cDNA) using the miScript II RT Kit according to manufacturer’s 

standard protocol (Qiagen, Valenica, CA). Approximately 250ng total RNA was reverse 

transcribed in 20μl reaction volumes. The resulting 20μl cDNA was diluted to 220μl using 

RNAse free water per standard protocol.  

MicroRNA Array Experiment 

Simultaneous detection of 85 microRNA and small nuclear RNA U6 (RNU6) was 

performed in 10ul reaction volumes on a Bio-Rad CFX Connect (Hercules, CA) using the 

miScript microRNANA PCR Array for human serum and plasma (Catalog # MIHS-106Z) in 384 

well plate format (Qiagen, Valencia, CA). The miScript SYBR Green PCR Kit (Qiagen, Valencia, 

CA) was used for the experiment according to the manufacturer’s standard protocol. The 

microRNA targets included in this array are a subset of microRNA previously observed to be 

detectable in human plasma and serum. Pooled sample measurements (1 case pool sample, 1 
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control pool sample) were performed in sextuplicate (n = 6) for each pool with equal distribution 

of pools on each plate (i.e., two replicates each of the case and control pools). Melt curve results 

were visually inspected, and any wells that did not appear to denature at a temperature consistent 

with the pattern for each individual microRNA were excluded from analysis. Additional quality 

control methods for data from array experiments are described in the Statistical Analysis section 

below.  

Quantitative PCR 

Quantitative PCR was performed on a Bio-Rad CFX Connect (Hercules, CA) using the 

miScript SYBR Green PCR Kit (Qiagen, Valencia, CA) with 20μl reaction volumes according to 

the manufacturer’s standard protocol. Cases and controls were randomly batched in equal 

numbers on each 384 well plate. A minimum of three replicates were done for each sample, and 

>50% of replicates were required to meet quality control criteria (described below) in order for 

the sample to be included in downstream statistical analysis. RNU6 was amplified in tandem with 

each target for each sample and used to normalize input quantity between samples. A standard 

curve for each microRNA target and the RNU6 normalizer was constructed using a series of five 

10-fold or five 4-fold dilutions in order to capture the linear range within which the samples 

amplified. Melt curve results were visually inspected, and any wells that did not appear to 

denature at a temperature consistent within the replicate group for each sample were excluded 

from analysis. Additional quality control procedures for data from qPCR experiments are 

described in the Statistical Analysis section below. 

Statistical Analysis 

Descriptive statistics and Student’s t-test were performed to compare demographic and 

clinical characteristics of participants. Quality control procedures for the pooled sample array-

based experiments were as follows: cycle threshold (Ct) values greater than 2 standard deviations 

from the mean Ct for each target microRNA were excluded, as were replicates with a Ct greater 

than 35. Only microRNA targets with at least four remaining replicates after exclusion of outliers 
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were retained for downstream analysis. Normalized expression was calculated as 2-ΔCt where ΔCt 

= Ct target – mean (Ct normalizer), and comparison of normalized expression between the case pool 

replicates and the control pool replicates was determined using the Wilcoxon non-parametric test 

of equality for unmatched pairs. Fold change was calculated to compare difference in expression 

of each target microRNA between the case pool replicates and control pool replicates. Fold 

change was calculated using the following formula: 2-ΔΔCt, where ΔΔCt = mean (Ct target, cases – 

mean (Ct normalizer, cases)) – mean (Ct target, controls – mean (Ct normalizer, controls)). (12) MicroRNA 

displaying at least 2-fold statistically significant (p < 0.05) differences in expression with 

biologically relevant mRNA targets were selected for qPCR validation. 

For qPCR, which was performed with a minimum of three replicates for each sample, 

outliers, defined as any replicate > 0.5 standard deviations from the mean for all replicates, were 

excluded. Normalized expression was calculated as 2-ΔCt and compared using student’s t-test with 

unequal variance. Fold change between cases and controls was calculated as (E target
 –ΔCt target) / (E 

normalizer
 –ΔCt normalizer) where ΔCt = mean Ct cases – mean Ct controls and E = efficiency of amplification 

for each qPCR experiment. (13) As multiple 384 well plate experiments were required to validate 

each microRNA target, fold change was determined using the efficiency for each plate, and the 

average fold change, weighted for the number of samples per plate, was calculated. Fold change 

estimates were calculated for the full set of individual samples (n = 44), the subset of individual 

samples included in the pools (n = 40), and the pools of cases and pools of controls. Statistical 

analysis was performed using Stata 11 (College Station, TX) and Microsoft Excel (Redmond, 

WA). 

 

Results 

Twenty-two cases with combined low HDL-c and elevated triglycerides, and 22 controls 

with normal lipid parameters were enrolled. The mean age in both groups was 42 ± 2 years (Table 
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1). By design, cases had lower HDL-c (33 mg/dL vs 47 mg/dL, p<0.05) and higher triglycerides 

(237 mg/dL vs 109 mg/dL, p<0.05) than controls. Cases had higher fasting blood glucose (97 

mg/dL vs 88 mg/dL, p<0.05) and were overweight (body mass index 26.1 vs 23.9, p<0.05), likely 

due to abdominal adiposity (waist circumference 94 cm vs 82 cm, p<0.05). In contrast, there were 

no statistically significant differences between cases and controls for total cholesterol (197 mg/dL 

vs 194 mg/dL, p = 0.8) or LDL-c (116 mg/dL vs 123 mg/dL, p = 0.3). 

Data for 11 of the 96 wells included on the array are not presented, as these wells 

quantified small nuclear RNA (i.e., SNORD61, SNORD68 SNORD72, SNORD95, SNORD96A) 

and experimental controls. Of the 85 remaining microRNA measured by PCR-based array, 74 

(87%) were detected with sufficient precision to meet all of the quality control criteria. Three 

microRNA (miR-214, miR-885-5p, miR-205) displayed increased expression in cases compared 

to controls (Table 1S). Sixteen microRNA (miR-100, miR-374a, miR-7, miR-18a, miR-125b, 

miR-148a, miR-17, miR-221, miR-21, miR-93, miR-143, miR-17*, miR-96, miR-106b, miR-

103a, miR-20a) displayed at least two-fold decreased expression (p < 0.05) in cases compared to 

controls (Table 2). Three targets (miR-106b, miR-125b, miR-21) previously shown to expression 

of gene pathways related to lipoprotein metabolism (14-16) were selected for further analysis. 

 Table 3 displays the fold change estimates calculated from the qPCR validation 

experiments. For miR-106b, the estimated fold change for the full set of individual samples (n = 

44) was -1.55. For the set of individual samples included in pools for cases and controls (n = 40) 

the fold change estimate was -1.68. For the pool of cases compared to pool of controls, the fold 

change estimate was -1.35. For microRNA-125b, the fold change estimate for the full sample was 

-1.84, for the subset included in the pools the estimate was -1.86, and for the pooled cases and 

controls, the estimate was -1.86. For microRNA-21, the fold change estimate for the full set of 

individual samples was -2.12, for the subset of individual samples included in pools the estimate 

was -2.02, and for the pooled cases compared to pooled controls the estimate was -1.69. 
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Conclusion 

 MicroRNA appear to have regulatory functions in lipoprotein metabolism, however little 

is known about the possibility of microRNA as a blood-based biomarker for atherogenic 

dyslipidmia. We sought to measure microRNA levels in blood of South Asian men with and 

without dyslipidemia characterized by low HDL-c and elevated triglycerides. We found that 16 

microRNA species exhibit at least two-fold statistically significant differential expression 

(Supplemental Table 1). Of these, three with a priori evidence for biologic relevance to 

dyslipidemia were validated and found to be differentially expressed.  

MicroRNA-21 is expressed in endothelial cells (17) and vascular smooth muscle cells 

(18), and shows increased expression in vascular proliferation, cardiac hypertrophy, heart failure, 

and ischemic heart disease (15). MicroRNA-21 targets phosphatase and tensin homolog (PTEN) 

(18) as well as programmed cell death 4 (PDCD4) (19) in vascular smooth muscle cells with 

proliferative and anti-apoptotic effects, facilitating vascular neo-intimal growth. MicroRNA-21 is 

protective of ischemia-induced injury in rats, also apparently by targeting PDCD4. (20) Thus, the 

activity of microRNA-21 in vascular smooth muscle cells has possible implications for recovery 

following ischemic insult and development of collateral vasculature.  

In cardiomyocytes, microRNA-21 regulates cardiac hypertrophy in mice by targeting 

sprouty2, a growth inhibitor, to prevent development of cell-cell connections. (21) In 

hypertrophic mice, microRNA-21 inhibition decreased cardiomyocyte size and heart weight (22). 

The aggregate effect of microRNA-21 in cardiomyocytes appears to be control of growth and 

proliferation, with possible implications for cardiac hypertrophy and heart failure.  

In hepatic tissue, microRNA-21 is up-regulated by free unsaturated fatty acids, with 

increased expression in the livers of rats fed a high fat diet and human liver tissue of obese 

individuals (23). The apparent action of microRNA-21 in this context is down-regulation of 

PTEN. (23) Increased PTEN expression is positively associated with the development of insulin 

resistance (24), and insulin resistance is associated with changes in lipoproteins, specifically 
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increased triglycerides and decreased HDL-c (25). In this context, microRNA-21 appears to have 

a role in preventing the onset of insulin resistance and possibly concomitant development of 

atherogenic dyslipidemia. 

In prior studies of cardiac tissues, microRNA-21 is consistently up-regulated in diseased 

conditions. By contrast, we found 2.12-fold decreased expression. Previous studies of 

microRNA-21 expression have isolated microRNA from tissues other than blood (i.e. 

cardiomyocytes, hepatocytes) or studied in vitro models, whereas this study measured the levels 

of microRNA circulating in blood. Additionally, the direction of effect of microRNA-21 may 

differ depending on the function of specific mRNA targets within discrete cell types. For example, 

microRNA-21 expression inhibits PTEN and PDCD4 in vascular smooth muscle cells, increasing 

vascular proliferation, whereas microRNA-21 inhibition of sprouty2 in cardiomyocytes decreases 

hypertrophy. Additional studies are needed to determine the full cadre of mRNA targets of 

microRNA-21, which targets are relevant in discrete cell types (e.g. vascular smooth muscle cells 

versus hepatocytes), and the physiologic consequence of microRNA-21 inhibition of mRNA in 

discrete cell types. 

MicroRNA-106b targets Adenosine Binding Cassette Transporter A1 (ABCA1), a 

cholesterol efflux pump involved in HDL-c formation and reverse cholesterol efflux. (16) This 

study found 1.55-fold decreased expression of microRNA-106b in dyslipidemic individuals 

compared to healthy controls. In contrast, in vitro studies using HepG2 cells revealed that 

microRNA-106b inhibits ABCA1-mediated cholesterol efflux function and inhibits liver X 

mediated ABCA1 expression. (16) Thus microRNA-106b appears to inhibit reverse cholesterol 

transport mechanisms, which may result in decreased HDL-c. Longitudinal studies may inform 

whether the observed decreased microRNA-106b in dyslipidemia in this study is a compensatory 

action to increase ABCA1 efflux secondary to the presence of low HDL-c.  
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MicroRNA-125b inhibition in vitro causes increased total cholesterol and oxidized LDL-

c uptake in human macrophages, as well as corresponding changes in inflammatory markers. (14) 

MicroRNA-125b is decreased in ischemic endothelial cells in rats, while corresponding increases 

in expression of microRNA-21 were observed. (18) We found 1.84-fold decreased expression of 

microRNA-125b in dyslipidemic individuals compared to healthy controls. The direction of the 

expression difference for cases compared to controls is consistent with prior observations from 

ischemic endothelial cells, but inverse of what has been seen for macrophages in vitro. The 

function of microRNA-125b appears to be regulation of the development of foam cells and 

subsequent atherosclerotic lesions. Importantly, the prior data about microRNA-125b support a 

role in dyslipidemic processes, but not specifically HDL-c and reverse cholesterol transport. 

To our knowledge, this is the first study to apply findings from in vitro studies and 

animal models to pursue blood-based measurement of candidate microRNA in humans with 

impaired lipoprotein metabolism. We speculate several possible explanations for some of the 

apparently paradoxical findings between the expression of microRNA observed in this study and 

previous observations. First, nearly all prior studies have been performed in vitro or in animal 

models, which may not accurately represent human physiology. Second, blood functions as a 

signaling medium for physiologic phenomena in other tissues, and therefore it is reasonable to 

postulate that blood-based expression of microRNA may correspond with changes in physiologic 

needs and gene expression in specific tissues. However, the nature of this relationship is not 

known, and blood-based expression may not be a direct reflection of the expression in underlying 

tissues. For example, inverse expression of microRNA between an organ and blood may be 

observed if changes in physiologic requirements cause an organ to offload specific microRNA via 

exosomal secretion into the circulation, or when organ injury occurs and damaged cells are 

sloughed into the circulation. Further, this study measured microRNA in whole blood, which 

provides an aggregate measure of all sources of blood microRNA. Specific components (i.e. free 

microRNA in plasma, microRNA contained within exosomes, and microRNA contained within 
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leukocytes) may yield different findings. Thirdly, in vitro studies have the advantage of 

determining causality, whereas this study may describe upstream microRNA changes that cause 

the observed differences in HDL-c and triglycerides, or compensatory changes that are an attempt 

to ameliorate the dyslipidemic condition. Lastly, there may be genetic and or epigenetic 

variability between individuals causing differential microRNA transcription, possibly associated 

with differential co-translation of mRNA targets. Epigenetic variability is determined in part by 

the environmental pressures exerted on an organism, and further studies are needed to begin to 

tease apart physiologic consequences of interactions between the environment and epigenetic 

mechanisms. 

 

Limitations 

We measured microRNA expression in whole blood obtained by peripheral venipuncture. Future 

studies should seek to establish if differences in these microRNA exist between free microRNA 

in plasma, microRNA contained within exosomes, and microRNA from leukocyte cytoplasm. 

This was a cross-sectional study, and therefore no conclusions about whether the observed 

differences in microRNA are markers for the development of dyslipidemia, result from the 

presence of dyslipidemia, and/or characterize clinical consequences of dyslipidemia can be made. 

While the homogeneity (i.e., gender, age, ethnicity) of the population contributes to the internal 

validity of the study, generalizability (e.g., women, younger and older ages, other ethnicities) is 

currently limited. This study was designed to detect changes of greater than 2-fold, and larger 

studies may reveal more modest expression differences. Also, we focused on candidate 

microRNA with a priori evidence for a role in lipoprotein metabolism (n = 3); there are 13 other 

targets that merit analysis in subsequent studies. 

 



 90 

This study used array-based methods to screen a large number of microRNA detectable in human 

serum and plasma in the blood of South Asian men with and without dyslipidemia. Nineteen 

percent (n = 16) of the microRNA targets measured were significantly differentially expressed at 

two-fold or greater magnitude in cases compared to controls. Three of these were validated by 

qPCR methods with confirmatory findings. Additional studies are needed to validate the 

remaining 13 microRNA targets that were differentially expressed, and to determine the mRNA 

targets for each of these microRNA. Further research is needed to differentiate between 

expression of free microRNA in plasma versus microRNA in exosomes versus microRNA 

released from the cytoplasm of leukocytes lysed during the RNA isolation process, and how this 

expression relates to microRNA levels in other tissues (e.g., liver, endothelial cells).  
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Table 1. Clinical Characteristics of Cases and Controls 

Characteristics 
Mean ± SD or n (%) 

Cases 
(n = 22) 

Controls 
(n = 22) p-value 

Age (years) 43 ± 2 43 ± 2 0.84 
Systolic Blood Pressure (mm Hg) 129 ± 16 116 ± 29 0.06 
Diastolic Blood Pressure (mm Hg) 80 ± 10 72 ± 20 0.08 
Total cholesterol (mg/dL) 197 ± 28 194 ± 32 0.81 
LDL-c (mg/dL) 116 ± 25 123 ± 30 0.26 
HDL-c (md/dL) 33 ± 3 47 ± 7 <0.05 
Triglycerides (mg/dL) 237 ± 70 109 ± 28 <0.05 
Blood glucose (mg/dL) 97 ± 11 88 ± 9 <0.05 
Waist circumference (cm) 94 ± 8 82 ± 19 <0.05 
Body mass index (kg/m2) 26.1 ± 3.1 23.9 ± 2.8 <0.05 

 

Abbreviations 
 
Low-density lipoprotein cholesterol: LDL-c 
High-density lipoprotein cholesterol: HDL-c
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Table 2. MicroRNA Targets with at least Two-Fold Differential Expression 

microRNA Fold Change* p-value¥ 
100 0.34 0.0039 
374a 0.34 0.0104 
7 0.36 0.0039 
18a 0.36 0.0065 
125b 0.39 0.0039 
148a 0.41 0.0039 
17 0.44 0.0104 
221 0.45 0.0065 
21 0.45 0.0039 
93 0.46 0.0039 
143 0.48 0.0250 
17* 0.49 0.0039 
96 0.49 0.0250 
106b 0.49 0.0104 
103a 0.50 0.0163 
20a 0.50 0.0039 
 

MicroRNA targets in bold are known to regulate expression of genes in pathways that regulate 
lipoprotein metabolism, and were selected for qPCR validation. 

*Fold change calculated using the following formula: 2-ΔΔCt where  

ΔΔCt = mean (Ct target, cases – mean (Ct normalizer, cases)) – mean (Ct target, controls – mean (Ct normalizer, 

controls)) 
 

¥p-value calculated using Wilcoxon non-parametric test of equality for unmatched pairs 
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Table 3. qPCR Validation of Differentially Expressed microRNA 

 

 Individual samples Individual samples* Pooled samples 
microRNA Fold Change** p-value¥ Fold Change** p-value¥ Fold Change** p-value$ 

106b -1.55 0.16 -1.68 0.14 -1.35 <0.05 
125b -1.84 0.14 -1.86 0.15 -1.86 <0.01 

21 -2.12 0.07 -2.02 0.12 -1.69 <0.05 
 

*After exclusion of 4 samples not included in the case and control pools 

**Fold change calculated using the following formula:  

(E target
–ΔCt target) / (E normalizer

–ΔCt normalizer) where ΔCt = mean Ct cases – mean Ct controls 

using the mean of replicates for each sample after excluding outliers. Outliers were defined as 
greater than 0.5 standard deviations from mean Ct. 
¥p-value calculated using Student’s t-test 
$p-value calculated using Wilcoxon rank-sum non-parametric test 
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Table 1S. Mean cycle threshold, standard deviation, and fold change for 85 microRNA 
screened by array 

 

Controls Cases 

   
microRNA Mean Ct Standard Deviation 

Ct Mean Ct Standard Deviation 
Ct Fold Change* p-value¥ 

 
RNU6b 19.8 1.0 19.1 0.7 1.00 0.7488 

 
hsa-let-7a 19.2 0.9 19.5 0.5 0.52 0.0547 

 
hsa-let-7c 21.9 1.6 22.3 1.1 0.45 0.2002 

 
hsa-microRNA-100 23.5 0.7 24.3 0.4 0.34 0.0039 

 
hsa-microRNA-103a 19.2 0.7 19.5 0.4 0.50 0.0163 

 
hsa-microRNA-106b 19.6 0.6 19.9 0.3 0.49 0.0104 

 
hsa-microRNA-107 26.5 1.1 26.2 0.6 0.77 0.6310 

 
hsa-microRNA-10a 28.6 1.0 28.5 0.3 0.65 0.3613 

 
hsa-microRNA-122 29.7 0.6 29.4 0.1 0.75 0.3367 

 
hsa-microRNA-124 32.0 2.3 31.7 1.1 0.74 0.6242 

 
hsa-microRNA-125b 21.8 0.6 22.4 0.3 0.39 0.0039 

 
hsa-microRNA-126 22.5 0.5 22.6 0.3 0.59 0.0250 

 
hsa-microRNA-128 22.0 0.6 21.5 0.4 0.86 0.4233 

 
hsa-microRNA-130b 22.6 0.7 22.6 0.5 0.60 0.1093 

 
hsa-microRNA-133a 30.9 0.7 30.7 0.4 0.70 0.1495 

 
hsa-microRNA-133b 32.1 1.3 31.4 1.0 0.97 0.7150 

 
hsa-microRNA-134 30.1 0.8 29.9 1.0 0.71 0.7488 

 
hsa-microRNA-143 28.1 0.7 28.4 0.3 0.48 0.0250 

 
hsa-microRNA-145 22.1 0.7 22.2 0.3 0.59 0.0374 

 
hsa-microRNA-146a 24.2 0.5 24.2 0.5 0.60 0.0547 

 
hsa-microRNA-148a 21.9 0.5 22.5 0.3 0.41 0.0039 

 
hsa-microRNA-150 17.5 0.5 17.3 0.3 0.68 0.1093 

 
hsa-microRNA-155 27.5 0.4 27.1 0.4 0.84 0.1093 

 
hsa-microRNA-15a 21.7 0.8 21.9 0.4 0.53 0.0250 

 
hsa-microRNA-15b 18.3 0.5 18.0 0.3 0.74 0.1093 

 
hsa-microRNA-16 17.2 0.5 17.1 0.4 0.66 0.0547 

 
hsa-microRNA-17 20.9 0.8 21.4 0.4 0.44 0.0104 

 
hsa-microRNA-17* 24.0 0.5 24.3 0.3 0.49 0.0039 

 
hsa-microRNA-18a 23.2 0.8 24.0 0.3 0.36 0.0065 

 
hsa-microRNA-191 15.5 0.6 14.9 0.4 0.91 0.4233 

 
hsa-microRNA-192 21.9 0.6 21.8 0.3 0.67 0.0547 

 
hsa-microRNA-193a-5p 26.6 0.7 26.3 0.7 0.73 0.5218 

 
hsa-microRNA-195 17.5 0.7 17.4 0.4 0.63 0.1093 

 
hsa-microRNA-196a 30.7 1.6 31.2 0.7 0.43 0.2623 

 
hsa-microRNA-19a 18.8 0.5 18.7 0.4 0.65 0.0782 

 
hsa-microRNA-19b 18.9 0.5 18.8 0.4 0.69 0.0782 

 
hsa-microRNA-200b 28.2 1.1 28.2 0.7 0.62 0.3367 
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hsa-microRNA-200c 27.0 0.7 26.9 0.4 0.67 0.1495 
 

hsa-microRNA-204 29.6 0.6 29.4 0.4 0.72 0.2002 
 

hsa-microRNA-205 32.7 1.3 31.7 1.5 1.23 0.7150 
 

hsa-microRNA-20a 19.4 0.7 19.7 0.4 0.50 0.0039 
 

hsa-microRNA-21 21.0 0.6 21.5 0.4 0.45 0.0039 
 

hsa-microRNA-210 25.9 0.9 25.6 0.3 0.76 0.5218 
 

hsa-microRNA-211 31.0 0.8 30.5 0.6 0.90 0.7488 
 

hsa-microRNA-214 32.9 1.8 32.1 1.7 1.09 0.8728 
 

hsa-microRNA-215 29.5 0.6 29.5 0.4 0.64 0.0782 
 

hsa-microRNA-22 18.0 0.6 17.4 0.3 0.98 0.8728 
 

hsa-microRNA-221 22.5 0.7 23.0 0.4 0.45 0.0065 
 

hsa-microRNA-222 22.3 0.7 22.4 0.3 0.59 0.0250 
 

hsa-microRNA-223 15.5 0.7 15.6 0.4 0.58 0.0547 
 

hsa-microRNA-224 30.0 0.6 29.9 0.5 0.66 0.1093 
 

hsa-microRNA-23a 19.1 0.4 19.0 0.2 0.69 0.0374 
 

hsa-microRNA-24 22.0 0.6 21.7 0.4 0.78 0.2623 
 

hsa-microRNA-25 15.5 0.7 15.5 0.6 0.62 0.1093 
 

hsa-microRNA-26a 19.2 0.4 18.8 0.4 0.86 0.4233 
 

hsa-microRNA-26b 20.8 0.9 20.5 0.5 0.80 0.6310 
 

hsa-microRNA-27a 23.4 0.6 23.6 0.3 0.56 0.0163 
 

hsa-microRNA-296-5p 22.5 0.6 21.9 0.5 0.95 1.0000 
 

hsa-microRNA-29a 22.9 0.6 22.7 0.7 0.68 0.1495 
 

hsa-microRNA-30d 19.3 0.4 18.9 0.3 0.82 0.2623 
 

hsa-microRNA-30e 20.0 0.7 20.0 0.4 0.64 0.0374 
 

hsa-microRNA-31 30.3 0.8 29.8 0.5 0.88 0.5839 
 

hsa-microRNA-34a 30.6 0.8 30.3 0.5 0.78 0.5218 
 

hsa-microRNA-374a 25.0 0.7 25.9 0.9 0.34 0.0104 
 

hsa-microRNA-375 29.5 1.4 29.2 1.3 0.75 0.5839 
 

hsa-microRNA-376c 29.3 0.7 29.6 0.4 0.49 0.0542 
 

hsa-microRNA-423-5p 20.0 0.5 19.8 0.5 0.68 0.0782 
 

hsa-microRNA-499-5p 33.8 1.3 33.5 1.0 0.77 0.6015 
 

hsa-microRNA-574-3p 22.5 0.8 22.3 0.5 0.69 0.4233 
 

hsa-microRNA-7 23.5 0.5 24.3 0.4 0.36 0.0039 
 

hsa-microRNA-885-5p 29.7 1.0 28.8 0.7 1.14 0.7488 
 

hsa-microRNA-92a 13.3 0.8 13.0 0.8 0.79 0.3367 
 

hsa-microRNA-93 19.2 0.4 19.6 0.4 0.46 0.0039 
 

hsa-microRNA-96 26.8 0.8 27.1 0.4 0.49 0.0250 
 *Fold change calculated using the following formula: 2-ΔΔCt where 

ΔΔCt = mean (Ct target, cases – mean (Ct normalizer, cases)) – mean (Ct target, controls – 
mean (Ct normalizer, controls)) 
¥p-value calculated using Wilcoxon non-parametric test of equality for unmatched pairs using 
normalized expression (2-ΔCt) 
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CHAPTER 9 

CONCLUSION 

The purpose of this dissertation was to investigate cardiovascular risk in South Asians 

through the theoretical framework of gene-environment interactions. While many environmental 

contributors to disease are well known, the nature of how environmental factors interact with the 

genome in individuals or populations, and the ensuing consequences for health, are not well 

understood. An increasing body of knowledge is developing around a phenomenon termed 

epigenetics. Epigentic mechanisms are those that cause alteration in how genes are expressed 

without changing the underlying genome. As such, epigenetic mechanisms are the nexus of gene-

environment interactions. Greater understanding of how gene-environment interactions occur 

through epigenetic mechanisms will enhance our understanding of the etiology of complex 

disease conditions like cardiovascular disease, and is essential knowledge for fulfilling the 

promise of individualized medicine. 

South Asians are a population disproportionately afflicted with cardiovascular disease. 

Although genetic predisposition likely plays a primary role, interactions between genetic risk 

factors and the environment are undoubtedly an important part of the story. Given this high level 

of risk, prevention is of paramount importance, and interventions to reduce risk are themselves a 

form of gene-environment interactions. One approach to reducing risk in this population is 

through comprehensive risk assessment followed by individualized, culturally-tailored coaching 

by non-medical personnel. While coaching is a proven method for improving chronic disease risk 

factors, very little is known about the effect of adapting coaching strategies to be culturally 

specific. In a study describing a cardiovascular risk reduction program targeted towards South 

Asians, we found that a year-long coaching intervention is appealing to this population, and 

feasibly implemented. Over five years, 98% of potential participants screened were eligible 

candidates for the program, 87% of those elected to participate in the program, and 50% were 

active participants or successfully completed one-year of coaching. Additional research is needed 
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to determine whether this intervention is effective in reducing cardiovascular risk in this 

population.  

While South Asians are widely recognized to have a high prevalence of cardiovascular 

disease, the exact causes are not fully understood. Previous studies have observed a high level of 

abdominal adiposity, low HDL-c, and high prevalence of type-2 diabetes and insulin resistance. 

In order to begin to disentangle the specific mechanisms underlying cardiovascular risk in this 

population, we performed two epidemiologic studies. The first measured the prevalence of the 

metabolic syndrome, a clustering of cardiovascular and metabolic risk factors. We found that this 

condition occurred in 27% of the sample, compared to estimates of 26-38% in other South Asian 

studies, and 34% in the US population. The occurrence of the metabolic syndrome is largely 

driven by the combination of low HDL-c with elevated triglycerides, whereas elevated blood 

pressure and elevated blood glucose were less common. Interestingly, this high prevalence was 

observed despite the fact that the study sample was relatively young (42 ± 10 years), smoking 

was rare (4%), only 4% had less than college-level education, and 93% were married.  

The second study sought to determine whether abdominal adiposity is a necessary 

precursor to the development of cardiovascular and metabolic risk factors in this population. A 

commonly held belief is that abdominal adiposity is the precipitating factor leading to the 

development of combined insulin resistance, dyslipidemia, hypertension, and inflammation. Our 

results challenge this belief, showing that cardio-metabolic abnormalities were present in normal 

weight individuals (23% men, 7% women). Among obese individuals, 21% of men and 50% of 

women had fewer than two cardio-metabolic abnormalities. This study also confirmed our 

previous findings that low HDL-c with elevated triglycerides is by far the most common risk 

phenotype, occurring in 34% of the sample. This is strong evidence to dispute the notion that 

cardio-metabolic risk only occurs in the setting of abdominal adiposity in South Asians. Further, 

South Asian women appear to be able to tolerate overweight/obesity without developing cardio-

metabolic risk factors to a greater extent than men. 
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Within the category of epigenetics, there are mechanisms of transcriptional regulation of 

DNA (i.e. methylation, histone modification), and translational regulation of messenger RNA (i.e. 

microRNA). While transcriptional regulation is semi-permanent, microRNA (miR) regulation of 

translation is highly dynamic, allowing an organism to rapidly adapt to a changing environment 

in order to maintain homeostasis. There are two possible implications for miR as a biomarker: 

detection of underlying pathology, and markers for response to interventions. While the 

combination of low HDL-c with elevated triglycerides is considered a more discrete type of 

dyslipidemia, it is still quite complex and is regulated by numerous biologic pathways. 

Differences in miR expression between affected and healthy individuals may provide some 

insight into the specific mechanisms underlying the causes of this cardiovascular risk factor in a 

single individual or population. This insight may lead to targeted treatments. Although current 

pharmacologic treatment options for dyslipidemia, particularly low HDL-c, are limited, 

modalities such as gene therapy will require enhanced understanding of the various biologic 

pathways underlying complex diseases. Non-medical risk reduction interventions show variable 

effectiveness, but application of miR as a biomarker for treatment response may help patients to 

focus on interventions that will be highly effective for their specific condition. A third possible 

clinical implication for miR are as a therapy themselves through administration of synthetic miR 

mimics or miR antagonists.  

Previous studies of miR regulation of lipoprotein metabolism have been primarily 

conducted in vitro and in animal models. Mi-33 shows the greatest promise to date as a potential 

therapeutic agent, with direct effects on both HDL-c and non-HDL-c causing dramatic 

improvements in lipoprotein levels following exogenous miR-33 administration in African Green 

Monkeys. MiR-122 is the predominant miR found in liver, targeted several genes involved in 

cholesterol metabolism, resulting in decreased total cholesterol and triglycerides, and an 

increased number of LDL-c receptors in in vitro and animal studies. There are several additional 
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miR with early evidence suggesting functional roles in cholesterol metabolism, and the activity of 

miR appears to be responsive to changes in the environment. 

In order to explore the feasibility of miR as a biomarker for dyslipidemia, we undertook a 

study of miR expression in South Asians with and without the common low HDL-c and elevated 

triglycerides phenotype. This was a case-control study with cross-sectional time frame. Cases 

were defined as South Asian men with low HDL-c (<40mg/dL) and elevated triglycerides 

(>150mg/dL), while controls had neither of these conditions. Women were excluded from this 

study in order to decrease likely variability in miR expression secondary to cyclic hormonal 

fluxuations. We collected blood and isolated RNA from 22 cases and 22 healthy controls. Of 

these, the equivalent of one miRome from 40 participants (equally distributed between cases and 

controls) was combined to create pooled samples for cases and controls. The expression of 85 

miR targets was measured using array-based methods, and compared between pooled cases and 

controls. Of these, 16 were significantly differentially expressed (p<0.05) with at least two-fold 

difference. Three of these (miR-21, miR-106b, miR-125b) were selected for validation using 

qPCR methods based on high a priori biologic plausibility for regulation lipid metabolism. We 

found similar fold-change estimates for measurement of both individual samples and pools of 

cases and controls. The results of this final study are promising evidence for clinical utility of 

miR as a biomarker of dyslipidemia. Additional studies are needed to determine the time-

sequence of miR changes and alterations in lipoprotein profiles, and to determine whether miR 

expression is responsive to interventions. 

Gene-environment interactions likely account for gaps in knowledge about the etiology 

of chronic diseases, including disparities in disease conditions between populations. Epigenetic 

mechanisms are an important component of the machinery underlying these interactions, 

including the highly dynamic regulation of messenger RNA translation by miRNA. South Asians 

are a population severely afflicted with cardiovascular disease. We found that a common 

cardiovascular risk phenotype in this population is low HDL-c with elevated triglycerides, and 
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that cardiovascular and metabolic risk in this population does not necessitate overweight or 

obesity as a precursor to other risk factors. Promising evidence from in vitro and animal studies 

supports a role for miR in pathways related to regulation of cholesterol levels. We measured miR 

in the blood of South Asian men with and without the common low HDL-c and elevated 

triglyceride phenotype, finding differential expression of several miR species. To our knowledge, 

this is the first blood-based biomarker study of miR expression and dyslipidemia. Further 

research is needed to determine the specific pathways and messenger RNA targeted by these miR 

in order to gain an enhanced understanding of the causes of cardiovascular risk factors in South 

Asians. Additional studies are also needed to investigate whether miR may be plausible 

biomarkers for response to interventions. 
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