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ABSTRACT
ACCULTURATION AND ASSOCIATED FACTORS IN RELATION TO GLYCEMIC
CONTROL AND SELF-MANAGEMENT OF DIABETES IN ASIAN INDIAN
ADULTS IN THE U.S.
By
Sumathi Venkatesh

Type 2 diabetes, is disproportionately high among Asian Indians (AI), one of the fastest
growing immigrant groups in the United States. If diabetes is not identified early or well
controlled as assessed by serum glycosylated hemoglobin (HbA1c¢), the propensity to
develop devastating complications is greatly enhanced, and may lead to increased
medical costs and premature death. Acculturation may be an important determinant of
disease management and hence control. Therefore, a mixed method (descriptive
quantitative and qualitative) study was conducted among 30 Al adults with physician
diagnosed type 2 diabetes in acceptable (AC) (HbAlc <7%) (n=15) or unacceptable
(UC) (HbAlc >7%) (n=15) glycemic control. Assessments of acculturation (SL-ASIA)
and diet (initial and follow-up 24-hr recalls) were followed by an audio-taped in-depth
interview that included socio-demographic, self-reported anthropometric, and open
ended diabetes self-care questions. Interactions of acculturation with income (interaction
b= 7.19; p= .01), duration of diabetes (interaction b= .30; p=.02), and body mass index
(interaction b= 1.11; p= .01) significantly predicted higher HbAlc levels. Diabetes
awareness, adherence to self-management behaviors, and support from physician
friends/ family members were more evident in the perceptions of the AC versus the UC

group. Cultural orientation and the patient’s social and health care networks might be

important for patient tailored interventions targeting Al with diabetes.
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CHAPTER 1

INTRODUCTION
Diabetes is a globally prevalent, chronic, non-communicable disorder that has emerged as
a serious public health challenge in the 21st century (Zimmet, 2000). About 2.8% (171
million) of the people in the world have diabetes, and the prevalence has been predicted
to double (4.4% or 366 million) by 2030 (Wild et al., 2004). Diabetes-related mortality
accounts for nearly 5% of all deaths annually (about 3.2 million people worldwide),
which is projected to increase by more than 50% within the next decade (World Health

Organization (WHO), 2004).

With about 31.7 million people affected, India has the highest absolute prevalence of
diabetes among all countries, which is projected to grow to 80 million people by 2030
(Wild et al., 2004). Furthermore, the prevalence of diabetes has historically been much
higher among immigrant Asian Indians than among the host population of the countries

to which they emigrate or among Asian Indians living in India (Ramaiya et al., 1991).

Within the United States (U.S.), the prevalence of diagnosed type 2 diabetes in 2004 was
18.3% among Asian Indian adults in Atlanta, Georgia (Venkataraman et al., 2004). In a
more recent large randomized national study by Misra et al (2009), the prevalence of
diabetes and prediabetes was found to be 17.4% and 33%, respectively, among Asian
Indians residing in seven urban cities in the U.S., where the majority of Asian Indians in

the U.S. are located (U.S. Census Bureau, 2000). The rates documented by the above



studies are higher than that reported in the 2005-2006 National Health and Nutrition
Examination Survey (NHANES) for Hispanics (8.4%), Blacks (12.8%), and Whites

(6.6%) (Cowie et al., 2009)

The disproportionately high prevalence rates of diabetes among Asian Indians in the U.S.
warrants investigation of disease management and hence control. Diabetes control is
usually assessed using the Hemoglobin Alc (HbAlc) laboratory test, which measures
glycemic control or the average concentration of glycated hemoglobin in the blood over a
period of three months (Nathan et al., 2008). The HbA ¢ value is the best long term
marker of glycemic control as it is not affected by the day to day variations in blood

glucose levels (Sacks et al., 2002; Saudek et al., 2006).

Ethnic disparities are evident in both the prevalence of diabetes and glycemic control
(Adams et al., 2008; Adams et al., 2005; Kirk et al., 2008; Kirk et al., 2006;
Mukhopadhyay et al., 2006). A few cross-cultural comparison studies conducted in
Singapore, the Netherlands, and Malaysia have shown Asian Indians to have poorer
glycemic control than the mainstream/other ethnic populations (Hong et al., 2004; Ismail
et al., 2000; Ray et al., 2007). In the U.S., despite the high prevalence of the disease
among Asian Indians, relatively little information is available about their diabetes

control.



It is estimated that 4.9% of individuals in the U.S. have undiagnosed diabetes (Cowie et
al., 2009), and are not aware of their disease condition until the symptoms appear. If
diabetes is either undiagnosed or poorly managed/controlled, the propensity to develop
devastating complications is greatly enhanced and may result in premature death. For
example, people with diabetes are at higher risk of stroke (Lehto et al., 1996), and heart
disease (Fox et al., 2004) than those without the disease. Hypertension (Saydah et al.,
2004), neuropathy (Klein et al., 1996), retinopathy (Bunce et al., 2006), end-stage renal
disease (Foley et al., 2007; Perneger et al., 1994), and lower limb amputations are more
likely to occur among people with diabetes. Weakness and fatigue are additional
concerns among adults over 60 years (Centers for Disease Control and Prevention
(CDC), 2008). Complications of diabetes can be reduced or prevented with a consistent

tight glycemic control.

Critical to glycemic control, is strict adherence to key self-management practices
recommended by the American Diabetes Association (ADA) as follows: healthy eating
and associated weight management, regular exercise, self-monitoring of blood glucose,
foot care, regular consultation with a physician, and compliance with prescribed
medications. The ability and efficacy to perform self-management behaviors may be
related to ethnicity, which was documented by Thackeray et al (2004) in a cross-sectional
analysis of the Behavioral Risk Factor Surveillance System (BRFSS) survey. Based on
this study, ethnic disparities were evident in diabetes self-management practices such as

frequency of self-monitoring of blood glucose, frequency of HbA 1c tests conducted



within the past year by a health professional, self-foot examination, type of medication
prescriptions (insulin injections or oral medications), attending classes for diabetes
education, ever having blood cholesterol checked, and engaging in vigorous physical
activity after adjusting for sociodemographic factors and age at diagnosis of diabetes.
Therefore, due to the existence of ethnic disparities in self-management practices,
culturally sensitive and appropriate treatment programs are necded (Brown et al., 1995;

Middelkoop et al., 2001; Philis-Tsimikas et al., 2004).

The Asian population including the Asian Indian specifically, is among the fastest
growing immigrant groups in the U.S. (U.S. Census Bureau, 2000). A rapid rise in the
number of Asian Indian immigrants occurred within the last two decades (about a
fivefold increase from 387 thousand in 1980 to 1.9 million in 2000), constituting close to
1% of the total U.S. population and 16.2% of the Asian population (Frazier et al., 2006;
U.S. Census Bureau, 2000). The majority (65%) of Asian Indians who reside in the U.S.
came between 1990 and 2000, accounting for a 133% increase (Frazier et al., 2006). The
enormous immigration to the U.S. warrants concomitant health status monitoring of this

population because of the potential for serious health-related cost implications.

Since the prevalence of type 2 diabetes is high among Asian Indians in the U.S.,
adaptation to the western culture could be a potential determinant of the rising prevalence
of the disease in this population. The extent to which immigrants adapt to the host culture

in comparison to retaining their ethnic culture is termed acculturation. Acculturation



could be a critical factor to be considered relative to Asian Indians and other immigrant

populations with regard to both diabetes prevalence and control.

An association between acculturation and increasing rates of diabetes, obesity, coronary
artery disease risk, and poor diet quality has been identified in various ethnic groups
(Aldrich et al., 2000; Dixon et al., 2000; Himmelgreen et al., 2004; Hubert et al., 2005;
Kaplan et al., 2002; Lands et al., 1990; Marmot et al., 1976). A few studies on Arab
immigrants and Mexican Americans, however, have documented the positive influences
of acculturation on immigrants’ health such as reduced risk for diabetes and lower rates
of obesity than individuals with a lower degree of acculturation (Hazuda et al., 1991;
Jaber et al., 2003). Evidence from acculturation studies conducted thus far is therefore
inconsistent and reveals variations in health outcomes that may depend on the
characteristics of the immigrant group. Therefore, the disease-acculturation link cannot

easily be generalized for all immigrant ethnic groups.

There are relatively few studies examining the impact of acculturation of Asian Indians
pertaining to their health outcomes. Mooteri et al (2004) found a significant association
between the duration of residence in the U.S. (> 20 years) and the increased risk of
coronary artery disease among first generation Asian Indian immigrants. Similarly,
lifestyle behaviors such as physical activity, alcohol consumption, and dietary practices
were also negatively affected. Although this study supports the notion that a longer

duration of stay in the U.S. may lead to behavioral and lifestyle changes in Asian Indians,



this study did not assess acculturation status of participants. Acculturation and associated
environmental (health care system, support network, location of residence and
neighborhood characteristics), and individual (values, beliefs and diabetes knowledge)
factors could be determinants of diabetes self-management behaviors. However, the
relationship between diabetes self-management behaviors and acculturation has not been

studied among Asian Indians in the U.S.

The relationship of acculturation to health outcomes is complex and difficult to study in
populations with diverse religious, linguistic, and socio-demographic characteristics such
as the Asian Indian. Quantitative data obtained from simple surveys may not adequately
describe the cultural complexities and the perceptions of patients living with diabetes.
Additionally, due to the racial/ethnic disparities in insulin resistance, diabetes prevalence,
and susceptibility to related complications, it is challenging to select appropriate
treatment methods and diabetes interventions targeting a particular ethnicity without

knowing their specific problems and cultural practices.

Therefore, the paucity of data on acculturation in conjunction with other potentially
influential (individual and environmental) factors, justifies a qualitative study in Asian
Indians with type 2 diabetes. This information will provide rich in-depth data on the
cultural perceptions and experiences of diabetes management among Asian Indians in the
U.S. More specifically, barriers and facilitators to the management of diabetes in this

vulnerable population will be identified.



Hence, the present study will contribute to the efficacious planning and execution of
culture specific diabetes interventions targeting the Asian Indian population in the U.S.
Michigan was chosen as a suitable place to conduct this study because of its large Asian
Indian population. In 2000, with about 50,000 Asian Indians, the city of Detroit in
Michigan was reported to be among the top 10 cities with a large number of Asian
Indians (U.S. Census Bureau, 2000). Therefore, data from this study will provide a

“snapshot” of a representative sample of Asian Indians in the U.S.

Research Objectives

The objectives of this study on Asian Indian adults with physician diagnosed diabetes and
who were either in acceptable glycemic control (AC) (HbAlc< 7%) or unacceptable
glycemic control (UC) (HbAlc> 7%) were: (i) to determine if and how acculturation is
associated with diabetes control, and (ii) to describe and contrast self-management

behaviors and related factors of subjects in the AC and UC groups.

Research Questions:
The research questions for this study as they pertain to Asian Indians with physician-
diagnosed diabetes are as follows:
(i) Is acculturation related to glycemic control, and if so, how?
(il) How do participants perceive the impact of the disease and the required self-

management behaviors?



(iii)

(iv)
)

(vi)
(vii)

(viii)

What do subjects perceive to be facilitators and barriers for better managing their
diabetes?

How does location of residence influence self-management behaviors?

How does the subjects’ knowledge of diabetes affect their self-management
behaviors?

How does the health care system influence self-management behaviors?

In what ways are support networks and self-management related?

How does an individual’s values and beliefs influence self-management

behaviors?



CHAPTER 2
REVIEW OF LITERATURE
The literature review consists of five sections: (i) overview of diabetes mellitus, (ii)
diabetes among Asian Indians, (iii) a review of self-care behaviors as they relate to
diabetes control, (iv) theoretical framework for diabetes self-management, and (v) factors

that may influence self-management of diabetes.

2.1 Diabetes Mellitus

2.1.1 Classification, Risk Factors, and Pathology

Diabetes mellitus, the most common form of endocrine disorders worldwide, is a group
of metabolic disorders rather than just a single disease (ADA, 2008a). Diabetes is
characterized by high blood glucose concentration (hyperglycemia) due to defective
secretion of the hormone insulin by the beta cells of the pancreas and/or impaired

utilization of insulin by the cells of the body (WHO, 1999).

There are two primary forms of the disease: type 1 and type 2 (WHO, 1999). Type 1
diabetes is characterized by a deficiency in the production of insulin due to an auto
immune disorder resulting in the destruction of the beta cells of the pancreas. Although
the cause for beta cell destruction in individuals with type 1 diabetes is not known, it is
believed to be due to genetic disposition and environmental factors such as viruses
(ADA, 2008a; WHO, 1999). The exact role of environmental factors in relation to the

development of type 1 diabetes however, is still under investigation. About 5-10% of



individuals with diabetes have type 1 diabetes (CDC, 2008), which requires an exogenous
source of insulin for survival, specifically for the prevention of ketoacidosis, coma, and
death (WHO, 1999). Although type 1 diabetes has predominantly been prevalent in

children and adolescents, it has also been increasing in adults (WHO, 1999).

Type 2 diabetes is the predominant form of the disease present in about 90-95% of
individuals diagnosed with diabetes (CDC, 2008). Type 2 diabetes is a combination of
the body’s resistance to the available insulin and an inadequate insulin secretory response
(WHO, 1999). Type 2 diabetes typically begins with insulin resistance, which is a
decreased ability of body cells to utilize the available insulin resulting in compensatory
hyper-insulinemia and the pancreas gradually losing its ability to secrete adequate
amounts of insulin (WHO, 1999). However, many individuals with type 2 diabetes do not
necessarily need exogenous insulin for survival. This may change over time as beta cells

progressively degenerate.

Diabetes is diagnosed using one of the three procedures listed in Table 2.1. For any of
these methods, if the diagnosis of hyperglycemia was not clear or strong enough, a repeat
testing should be done for confirmation (ADA, 2009). Although the fasting plasma
glucose (FPG) is less sensitive than the Oral Glucose Tolerance Test (OGTT), it is the
preferred test for the diagnosis of diabetes because of its ease of application and
acceptability to patients (ADA, 2009). The OGTT is not recommended for routine

clinical use due to poor reproducibility (ADA, 2009).
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Table 2.1 Criteria for the diagnosis of diabetes mellitus (ADA, 2009).

Symptoms of hyperglycemia and a casual (random) plasma glucose >200mg/dl (11.1
mmol/l). Casual (random) is defined as any time of day without regard to time since last
meal. The classic symptoms of hyperglycemic include polyuria, polydypsia, and
unexplained weight loss.*

or

Fasting Plasma Glucose (FPG) > 126 mg/dl (7.0 mmol/l). Fasting is defined as no caloric
intake for at least 8 hours.

or

2-hour plasma glucose >200 mg/dl (11.1 mmol/l) during an Oral Glucose Tolerance Test
(OGTT). The test should be performed as described by the World Health Organization
using a glucose load containing the equivalent of 75 g anhydrous glucose dissolved in
water.*

*In the absence of unequivocal hyperglycemia, these criteria should be confirmed by repeat testing on a
different day

Screening for diabetes will help identify individuals with an existing condition and those
with pre-diabetes, who do not as yet exhibit adequate signs and symptoms to be classified
as diabetes. In general, a fasting plasma glucose level of < 100 mg/dl is considered as
normal (ADA, 2009). Pre-diabetes is a stage between normal glucose levels and that of
diabetes with an impaired fasting glucose of > 100 mg/dl but <126 mg/dl (ADA, 2009).
In particular, screening is necessary every three years for individuals >45 years even in
the absence of risk factors. Screening at an even earlier age is advised for individuals who

are overweight and with an additional risk factor for diabetes (ADA, 2009).
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Individuals with a family history of diabetes, women who have experienced gestational
diabetes, obesity, and of a specific ethnicity (African American, Hispanic-American,
Native American, Asian-American, and Pacific Islander) are at a higher risk of being
affected with diabetes (Table 2.2) (ADA, 2009; WHO, 2004). Although type 2 diabetes
was initially believed to be an adult onset disease, more children (as young as 6 years)
and adolescents have been diagnosed with this disease in recent years (CDC, 2008),
particularly in populations with high rates of diabetes among adults (Pihoker et al., 1998;

Scott et al., 1997).

Table 2.2 Risk factors for type 2 diabetes (ADA, 2009).

Family history of diabetes (have a first degree relative with diabetes)

History of gestational diabetes or delivered a baby weighing > 9 lbs

Impaired glucose tolerance or Impaired fasting glucose

Physical inactivity

Obesity

Race/ethnicity (e.g., African American, Hispanic/Latino American, American Indian,
Asian-American, Native Hawaiian, or Pacific Islander)

Hypertension (> 140/90 mmHg in adults)

HDL cholesterol < 35mg/dl (0.90 mmol/L) and/or a triglyceride levels >250 mg/dl (2.82
mmol/L)

Polycystic ovarian syndrome

History of vascular disease

Other clinical conditions associated with insulin resistance (e.g., acanthosis nigricans)

Early detection of diabetes is impcrative because if untreated or if poorly controlled, this
disease could result in serious complications and/or premature death (Groeneveld et al.,
2001). People with type 2 diabetes are at approximately two to four times higher risk of
stroke (Lehto et al., 1996) and death rates from heart disease (Fox et al., 2004) than those
without diabetes. Hypertension is a common problem among adults with diabetes

(Saydah et al., 2004). Individuals with severe hyperglycemia may experience mild to
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severe neuropathy and may have neuropathy-related and impaired sensation in their feet
(Klein et al., 1996). They are also susceptible to diabetic foot ulcers (Ramsey et al., 1999)
and dental disease (Mealey et al., 2000; Tsai et al., 2002). Lower limb amputations are
more likely to occur among people with diabetes (Johannesson et al., 2009). Diabetes is
one of the leading causes of blindness (Bunce et al., 2006) and end-stage renal disease
(Foley et al., 2007; Perneger et al., 1994) Additional concerns in adults over 60 years
include weakness and lack of energy to do normal activities and household chores (CDC,

2008).

Due to high rates of morbidity associated with the disease, individuals with diabetes are
more likely to use medical care in the form of in-patient hospital care, outpatient
physician office visits, emergency visits, and visits with multiple health professionals
(ADA, 2008b). In addition, purchase of diabetes medications, prescription drugs to
reduce associated complications, and medical supplies required for managing the disease
further increases the medical expenditures of people with diabetes compared to those

without the disease (ADA, 2008b).

The medical cost of people with diabetes is about thrice as that of those without diabetes
(Trogdon et al., 2008). In addition, the cost of management of diabetes in the U.S. in
2007 was estimated to be $174 billion, which includes direct ($116 billion) and indirect
($58 billion) medical costs. The direct costs include general medical costs and expenses

to directly treat diabetes and related complications. The indirect medical costs may
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include disability, premature death, and limited employment or loss of work or work days
(ADA, 2008b). By 2034 diabetes related annual direct cost is expected to rise to 336
billion (Huang et al., 2009). These associated complications and exorbitant costs of
diabetes could be greatly minimized by maintaining or achieving blood glucose, lipid,
and blood pressure control, all achievable by adhering to self-management

recommendations of the American Diabetes Association.

2.1.2 Metabolic Monitoring

Glycemic control is assessed using the Hemoglobin Alc (HbAlc) laboratory test, which
measures the amount of average concentration of glycated hemoglobin in the blood over
a period of three months. Glycated hemoglobin formation is directly related to blood
glucose concentration since continuous glycosylation occurs during the 120 day lifespan
of erythrocytes (Saudek et al., 2006). Glycosylation occurs when blood sugar attaches to
hemoglobin A, which constitutes about 90% of adult total hemoglobin (Goldstein et al.,
2004). HbAlc, one of the minor components of HbA, results from posttranslational

modification of HbA due to condensation with glucose (Bunn et al., 1976).

HbA 1c percent increases in poorly controlled diabetes (Rahbar et al., 1969) and has been
shown to be within normal limits when blood glucose is adequately controlled (Koenig et
al., 1976). In this respect, the HbAlc test value was found to be highly correlated with
mean plasma blood glucose levels on multiple testing over 2—-3 months (Nathan et al.,

2008). The HbA ¢ value is widely accepted as the best long term marker of glycemic
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control since it is not affected by the day to day variations in blood glucose levels (Sacks
et al., 2002; Saudek et al., 2006). The HbAlc is used for follow up with patients who
have diabetes, to alter their medications and to foresee their risks for complications as

warranted (ADA, 2009; Berg et al., 2008; Saudek et al., 2006).

According to the American Diabetes Association, an HbAlc value between 4-6% is
considered normal; <7% is the target goal value for people with diabetes in general.
Additional action and modification of medication is recommended for people with a
HbAlc >8%. Less stringent goals are recommended for individuals with severe
hypoglycemia, limited life expectancy, extensive co-morbidities, and advanced micro
and/or macro vascular complications (ADA, 2009). The HbA1c cut points for the
treatment goals were derived based on prospective randomized clinical trials such as the
Diabetes Control and Complications Trial (DCCT, 1993) and the United Kingdom
Prospective Diabetes Study (UKPDS, 1998) that showed the relationship between
glycemic control and the risks for the development and progression diabetes-related

complications.

The ADA recommends that the HbA ¢ test be conducted at least twice a year for people
who meet their treatment goals and every three months for individuals who do not meet
their goals or who have changed medications (ADA, 2009). Likewise, control of blood
glucose and lipid profiles, and additional preventive care practices for micro and macro

vascular diseases to avoid major complications in people with diabetes are also
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recommended by the ADA (2009) and the CDC (2008) (Table 2.3 and 2.4). Therefore, in
addition to glycemic control, blood lipids and other clinical parameters are also regarded
as important adjuncts for metabolic disease monitoring. The primary goals of these
biomedical recommendations are to help delay, prevent, or ameliorate complications of

the disease.

Table 2.3 Biomedical management and recommendations by Centers for Disease Control
and Prevention (CDC, 2008).

Glycemic control: Good glycemic control is essential for people with both type 1 or type
2 diabetes. There is a 40% decreased risk for micro and macro vascular complications if
the HbA1c drops by at least 1% for those with abnormally high levels.

Blood pressure control: Reduces risk of heart disease or stroke by 33% to 50%.
Reduces the risk of micro vascular complications by 33%. Every 10 mm Hg reduction in
systolic blood pressure, if higher than normal, reduces the risk for any complication
related to diabetes by 12%.

Control of blood lipids: Improved control of LDL cholesterol can reduce cardiovascular
complications by 20% to 50%.

Preventive care practices for eyes, feet, and kidneys: Detecting and treating eye
disease in people with diabetes can reduce the development of severe vision loss by 50%
to 60%. Comprehensive foot care programs can reduce amputation rates by 45% to 85%.
Detecting and treating early diabetic kidney discase can reduce the decline in kidney
function by 30% to 70%.
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Table 2.4 The recommendations of the American Diabetes Association for blood glucose
and lipid profiles for adults with diabetes (ADA, 2009).

Glycemic Control

Alc <7.0%
Pre-prandial capillary plasma glucose 90 — 130 mg/dl (5.0 — 7.2 mmol/l)
Peak postprandial capillary plasma glucose = <180 mg/dl (<10.0 mmol/l)
Blood pressure <130/80 mmHg
Lipids
LDL <100 mg/dl (<2.6 mmol/l)
Triglycerides <150 mg/dl (<1.7 mmol/l)
HDL >140 mg/dl (>1.1 mmol/l)

2.2 Diabetes among Asian Indians

2.2.1 Characteristics of Asian Indian Immigrants in the U.S.

Asian Indians are among the fastest growing immigrant groups and constitute nearly 1%
(1.7 million) of the U.S. population (U.S. Census Bureau, 2000). Although Asian Indians
started migrating to the U.S. from 1907, the Immigration and Nationality Act of 1965 that
allowed 20,000 Asian Indians annually to the U.S. contributed to the significant growth
in Asian Indian population (Frazier et al., 2003). India is the fourth major source to the
U.S. in immigration; Frazier et al (2006) discussed how the growth of the Asian
population in the U.S. always exceeded projected values. Now, although 77% of Asian
Indians in the U.S. are foreign born about 30% of these are naturalized citizens (U.S.
Census Bureau, 2000). However, based on the above evidence, it is likely that the actual

growth will surpass this estimation.
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The Asian Indian group in the U.S. is a relatively young (median age: 30.3 years)
community with only about 4% in the 65 years or older age group. Seventy seven percent
of Asian Indians in the U.S. are foreign born; however, about 30% of the foreign born
Asian Indians are naturalized citizens (U.S. Census Bureau, 2000). In general, Asian
Indians in the U.S. are predominantly settled in the metropolitan areas. They have the
highest educational level and more likely to be in management, professional or related
occupations among all the Asian groups with a median income greater than the U.S.
general population (U.S. Census Bureau, 2000). Although the proportion of Asian Indian
females (46%) in the U.S. is almost equal to males, female participation in the labor force
is lower than males. Asian Indians are predominantly Hindus followed by Sikhs,
Buddbhists, Jains, Christians, and Muslims. Since English is recognized as one of the
official languages in India, urban Asian Indians who immigrate to the U.S. are well
versed in written and spoken forms of the respective language (Mehta et al., 1991). The
majority of Asian Indians in the U.S. are good at spoken English (80%) with about 20%

of them speaking exclusively English at home (U.S. Census Bureau, 2000).

2.2.2 Prevalence of Diabetes in Asian Indians

India has the highest absolute prevalence of diabetes among all countries. In 2000, 31.7
million people in India were affected with diabetes, which is more than China (20.8
million), and the U.S. (17.7 million) (Wild et al., 2004). Data from national
epidemiological studies that have been conducted within these countries shows a higher

prevalence of diagnosed diabetes of 12.1% in India (Ramachandran et al., 2001)
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compared to 1.3% in China (Gu et al., 2002), or 7.7% in the U.S. (Cowie et al., 2009). It
has been projected that the diabetes prevalence among Asian Indians in India will

continue to grow with nearly 80 million affected by 2030 (Wild et al., 2004).

Within India, the prevalence of diabetes is rapidly escalating as evidenced by The
Chennai Urban Rural Epidemiology Study (CURES) (Mohan et al., 2006). The CURES
study documented the prevalence of diabetes among adults >20 years in Chennai, a
metropolitan city in Southern India in 2000 to be 15.5%, which is a significant increase
by 72.3% from 1989 to 2004 (Mohan et al., 2006). Furthermore, studies that compared
the diabetes prevalence in rural vs. urban India documented a higher prevalence among
the urban (7.3 -8.2%) than the rural (2.4 — 3.1%) population (Mohan et al., 2008;
Ramachandran et al., 1992). It has been shown that lifestyle changes associated with
urbanization play a major role in the high prevalence of diabetes in the urban regions of

India (Ramachandran et al., 1999).

Furthermore, studies have documented a higher diabetes prevalence among Asian
Indians/South Asians (individuals from Pakistan, Sri Lanka, Nepal, and Bangladesh)
residing in other countries than the host population of those countries. In countries with a
considerable Asian Indian population, such as the United Kingdom (U.K.) (10.0% in a
predominantly Asian Indian community vs. 3.5% in whites (Simmons et al, 1989);
Canada (6.2% in South Asians vs. 2.2% in Caucasians (Anand et al., 2000), Singapore

(8.9% in Asian Indians vs. 7.6% in Malaysians (Thai et al., 1987), Mauritius (12.8% in
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Asian Indians vs. 11.5 in Creoles (Dowse et al., 1990), Fiji (11.9% in Asian Indians vs.

5.3% in Melanesians (Zimmet et al, 1983) , Trinidad (20.5% in Asian Indians vs. 12.5%
in Africans (Beckles et al., 1986), and South Africa (10.4% in Asian Indians vs. 3.6% in
Africans (Marine et al.,1969), the prevalence of diabetes was found to be higher among

Asian Indians compared to the host population.

Within the U.S., Venkataraman et al (2004) and Misra et al (2009) documented the
prevalence estimates of diabetes among Asian Indians, which were much higher than the
percentage with diagnosed diabetes among non-Hispanic blacks (12.8%), non-Hispanic
whites (6.6%), and Hispanics (8.4%) in the NHANES 2005-2006 survey (Cowie et al.,
2009). A survey conducted by Venkataraman et al (2004) on 1,046 Guajarati Hindu
Asian Indian immigrants living in Georgia, was claimed to be the first study to determine
the prevalence of diabetes among Asian Indians in the U.S. The study included a
questionnaire that consisted of socio-demographic information, anthropometric profiles,
and questions about the presence of diabetes and related co-morbidities. According to this
study, the prevalence of diabetes among Asian Indians in 2004 was 18.3% (22.5 % in
men and 13.2 % in women). This study documented age, male gender, and family history

of diabetes to be independent predictors for diabetes (Venkataraman et al., 2004).

A more recent randomized national study was conducted by Misra and colleagues (2009)
in seven major urban cities where majority of Asian Indians in the U.S. are located (U.S.
Census Bureau, 2000). The study findings showed the prevalence of type 2 diabetes and

prediabetes among 1,038 Asian Indian adults >18 years to be 17.4% and 33%,
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respectively. The study participants also exhibited abnormal lipid profiles, a major risk

factor for cardiovascular disease.

Mohanty et al (2005) conducted a cross sectional study of the National Health Interview
Survey (NHIS) for 1997 — 2000 on 87,846 non-Hispanic whites and 555 Asian Indian
adults. Asian Indians, despite having a significantly lower Body Mass Index (BMI) than
non-Hispanic whites (24.0 vs. 26.2; p<.0001), had a greater likelihood of having diabetes
(OR: 2.7; 95%CI: 1.7 — 4.2) after adjusting for age and BMI than non-Hispanic whites
(Mohanty et al., 2005). Similarly, another cross-sectional study of the National Health
Interview Survey (NHIS) for 1997 — 2005 documented that Asian Indians were more
likely to have diabetes (OR: 3.1; 95%CI: 2.4 — 4.0) than non-Hispanic whites, after

adjusting for age, sex, and BMI (Oza-Frank et al., 2009).

2.2.3 Genetic Susceptibility of Asian Indians to Diabetes

Certain genetic risk factors of diabetes such as a high prevalence of insulin resistance,
abdominal obesity, and abnormal lipid profiles have been shown to be common in the
Asian Indian population (Banerji et al., 1999; Chandalia et al., 1999; Enas, 2002; Misra et
al,, 2004, Raji et al., 2001; Ramachandran et al, 2004; Ramachandran, 1998). This cluster
of abnormalities is collectively termed as ‘Metabolic syndrome’ (The National
Cholesterol Education Program’s Adult Treatment Panel III (NCEP), 2001). Such a
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