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Abstract

Objective—To determine the association between race, region and pre-diabetes.

Method—The study used 2003–2007 United States baseline data from the Reasons for 

Geographic and Racial Differences in Stroke (REGARDS) study for this cross-sectional analysis. 

Participants in this study were 45 years or older at recruitment. Logistic regression was used to 

assess whether race and region are associated with pre-diabetes independent of demographics, 

socioeconomic factors and risk factors.

Results—Twenty-four percent of the study participants (n = 19,889) had pre-diabetes. The odds 

ratio (95% confidence interval) for having pre-diabetes was 1.28 (1.19–1.36) for blacks relative to 

whites and 1.18 (1.10–1.26) for people living in the Stroke Belt region relative to the other parts of 

the United States. The odds of having pre-diabetes for Stroke Belt participants changed minimally 

after additional adjustment for race (OR = 1.20; 1.13–1.28), age and sex (OR = 1.24; 1.16–1.32), 

socioeconomic status (OR = 1.22; 1.15–1.31) and risk factors (OR = 1.26; 1.17–1.35). In the 

adjusted model, being black was independently associated with pre-diabetes (OR = 1.19; 1.10–

1.28).

Conclusion—The prevalence of pre-diabetes was higher for both blacks and whites living in the 

Stroke Belt relative to living outside the Stroke Belt, and the prevalence of pre-diabetes was 

higher for blacks independent of region.
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Introduction

Pre-diabetes is a new diagnostic category established by the Expert Committee on Diagnosis 

and Classification of Diabetes Mellitus as impaired fasting glucose (IFG) and impaired 

glucose tolerance (IGT), defined as a fasting blood glucose level between 100 and 125 

mg/dL (Anon, 2009). Individuals in a pre-diabetic state are at substantially higher risk for 

progression to type 2 diabetes (T2D), with up to 70% of individuals with pre-diabetes 

converting to a T2D diagnosis within ten years (Buysschaert and Bergman, 2011). Other 

major adverse effects of pre-diabetes include microvascular complications, and 

cardiovascular disease (Anon, 2007; Coutinho et al., 1999; Plantinga et al., 2010) 

highlighting the significant public health impact of this new disease category.

In the U.S. National Health and Nutrition Examination Survey (NHANES) III, 1988 to 1994 

data revealed that among overweight adults aged 45 to 74 years, 23% of participants had 

pre-diabetes (Benjamin et al., 2003). Further, 12 million overweight adults, age 45 to 74 

years were reported to have pre-diabetes in 2000 (Benjamin et al., 2003), with an upward 

trend to 57 million American adults in 2007 (Control and Prevention, 2011). Accordingly 

these statistics continued to worsen in 2010 with an estimated 79 million American adults 

having pre-diabetes as defined by fasting blood glucose or hemoglobin A1C (Control and 

Prevention, 2011).

A higher T2D prevalence has previously been reported in the Stroke Belt region of the 

southeastern US (Cushman et al., 2008; Howard, 1999) and the prevalence of T2D and 

cardiovascular disease have been shown to vary by race (Cowie et al., 2006; Cushman et al., 

2008). The clustered high T2D prevalence area has been identified by the US Center for 

Disease Control and Prevention (CDC) as the Diabetes Belt and exists primarily in the 

Stroke Belt region (Barker et al., 2011). The prevalence of diabetes in the Diabetes Belt is 

11% relative to 8.5% in the remaining US, with 24% of the population in the Diabetes Belt 

being black (Barker et al., 2011). Data from the Diabetes Belt reveal that the increased risk 

of T2D is attributable to known risk factors: 30% modifiable risks (i.e. lifestyle factors) and 

37% non-modifiable risk factors (i.e. race) (Barker et al., 2011), yet few studies have 

investigated the association between biological, social, demographic, or geographic factors 

with a diagnosis of pre-diabetes. The identification of individuals who are at increased risk 

of pre-diabetes may provide a window of opportunity to improve the efficiency of screening 

for T2D. Subsequently progression to T2D from pre-diabetes can be prevented or delayed 

with early intervention (Rydén et al., 2007). Therefore, the authors sought to determine 

whether race and region are associated with pre-diabetes in the Reasons for Geographic and 

Racial Differences in Stroke (REGARDS) cohort.
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Methods

Permission was obtained from the University of Alabama at Birmingham Institutional 

Review Board to conduct a cross-sectional study using data from the REGARDS study. 

Briefly, the REGARDS study is a prospective cohort study of 30,239 black and white 

community-dwelling residents aged 45 years and older. The overall goal of REGARDS is to 

better understand the contributors to the substantial racial and geographic disparities in 

stroke. By design the study included 56% of the cohort from residents of the Stroke Belt 

states (North Carolina, South Carolina, Georgia, Alabama, Mississippi, Tennessee, 

Louisiana, and Arkansas) and the remainder from the rest of the 40 contiguous US states. 

Also, the study oversampled blacks. Potential participants were sampled from a 

commercially available list, and recruited from 2003 to 2007 through a combination of mail 

and telephone. For those agreeing to participate (cooperation rate was 49%, participation 

rate 33%), using a computer-assisted telephone interview, trained interviewers obtained 

demographic information and medical history. A brief physical examination including blood 

pressure measurements, blood samples, and an electrocardiogram (ECG) was conducted in-

person 3–4 weeks after the telephone interview. Consent was obtained verbally and later in 

writing. Follow-up for incident stroke events and cognitive assessment is ongoing. Details of 

the methods are available elsewhere (Howard et al., 2005).

Individuals who had not fasted (n = 4321; 14%) for 8–10 h at the time of blood collection 

were excluded from the analysis. Of those fasting, the diabetes status of the participants was 

trichotomized following the American Diabetes Association guidelines (Anon, 2009) as: 

normoglycemic with fasting glucose less than 100 mg/dL (n = 15,031, 72%); pre-diabetic 

with a fasting glucose between 100 and 125 mg/dL (n = 4858, 24%), or diabetic with a 

fasting glucose of 126 mg/dL or greater (n = 893, 4%). Since the focus of this study was on 

the differences between the normoglycemic and pre-diabetic strata, individuals with diabetes 

or a fasting glucose of 126 mg/dL or greater were also excluded from the analysis. Race was 

defined by self-report as black or white (with those reporting other race/ethnic membership 

excluded from REGARDS). Region was defined as Stroke Belt or non-Stroke Belt, with the 

Stroke Belt being defined as current residence in North Carolina, South Carolina, Georgia, 

Tennessee, Alabama, Mississippi, Arkansas or Louisiana. Socioeconomic status was defined 

according to annual household income and highest education level. Annual household 

income (<$20,000, $20,000–$34,000, $35,000–$74,000, and $75,000 and over) and 

education (less than high school, high school graduate, some college, or college graduate) 

were defined by self-report. Risk factors were defined as body mass index (BMI) (<18.5 

kg/m2, underweight; 18.5–25 kg/m2, normal weight; 25–30 kg/m2, overweight; and >30 

kg/m2, obese) and self-reported lifestyle characteristics (physical activity, smoking history, 

and alcohol use). Physical activity was defined by response to the computer assisted 

telephone interview question – “How many times per week do you engage in intense 

physical activity, enough to work up a sweat?”, categorized as none, 1–3 times a week, or 4 

or more times a week. Smoking was categorized into strata of never, past and current 

smoker. Alcohol use was defined according to the National Institute on Alcohol Abuse and 

Alcoholism (NIAAA) guidelines as none, moderate (1–7 drinks/week for women and 1–14 
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drinks/week for men), and heavy drinker (8+ drinks/week for women and 15+ drinks/week 

for men) (Gunzerath et al., 2004).

Statistical analysis

Among individuals with no history of diabetes, logistic regression was used to assess the 

relationship between race and region with the prevalence of pre-diabetes in incremental 

models, first assessing the crude association, then considering the joint effect of race and 

region, then adjusting for demographic factors (age and sex), socio-economic status, and 

finally after adjustment for risk factors. Data were analyzed with Statistical Analysis System 

(SAS) software, version 9.1.

Results

A total of 19,889 subjects met inclusion and exclusion criteria, of which 24% were pre-

diabetic, 36% were black, 44% were male and 55% were from the Stroke Belt. The mean 

(±SD) age for the sample was 64 ± 10 years. Table 1 presents the demographic, 

socioeconomic, and risk factors of study subjects dichotomized by race and region.

Regardless of the region of residence, pre-diabetes was more common in blacks compared to 

whites; in the Stroke Belt the prevalence was 31% in blacks and 24% in whites, in the non-

Stroke Belt it was 25% in blacks and 20% in whites. The unadjusted odds ratio of having 

pre-diabetes was 1.28 (95% CI: 1.19–1.36) for blacks compared to whites, and 1.18 (95% 

CI: 1.10–1.26) for people living in the Stroke Belt region compared to the non-Stroke Belt 

of the United States (Table 2). Interestingly, within Stroke Belt subjects, odds ratios changed 

minimally after additional adjustment for race (OR = 1.20; 95% CI: 1.13–1.28), age and sex 

(OR = 1.24; 95% CI: 1.16–1.32) and socioeconomic status (OR = 1.22; 95% CI: 1.15–1.31) 

(Table 2). After adjusting for region; age and sex; socioeconomic status; and risk factors, 

black race was independently associated with pre-diabetes (OR = 1.19; 95% CI: 1.10–1.28).

Discussion

In this large national cohort study, the prevalence of pre-diabetes was higher for both blacks 

and whites living in the Stroke Belt, and the prevalence of pre-diabetes was higher for 

blacks than whites independently of region. Until recently, few studies provided support for 

regionality as a risk factor for diabetes, but work by the REGARDS investigators has shown 

that diabetes in blacks and whites is significantly more prevalent in those living within the 

Stroke Belt (Barker et al., 2011; Voeks et al., 2008). Others have identified states within the 

Stroke Belt that have multiple counties in close proximity where rates of diabetes are greater 

than 10%, describing what has previously been referred to as the Diabetes Belt (Barker et 

al., 2011). The higher prevalence of pre-diabetes in the Stroke Belt and diabetes in the 

Diabetes Belt may be related to the increased prevalence of risk factors such as obesity, 

sedentary lifestyle and lifestyle choices that include smoking or alcohol use. Thirty-three 

percent of the people living in the Diabetes Belt are obese relative to 25% of the remaining 

US (Barker et al., 2011). Moreover 31% of the people living in the Diabetes Belt lead a 

sedentary lifestyle relative to 25% for the rest of the country (Barker et al., 2011). There are 

limited data on the effect of smoking on pre-diabetes, although there is an abundance of 
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evidence related to the negative effects of smoking on diabetes (Willi et al., 2007; Xie et al., 

2009). Further, the association between moderate or heavy alcohol consumption and pre-

diabetes has not been studied but the most consistent finding is that no beneficial effect can 

be attributed to high alcohol consumption on diabetes (Carlsson et al., 2005). Pre-diabetes is 

an important risk factor for T2D and our findings suggested that pre-diabetes status may be a 

substantial contributor to racial and regional disparities that have been previously associated 

with a diagnosis of T2D. Because progression from pre-diabetes to T2D may be halted with 

appropriate treatment (Rydén et al., 2007), our findings highlight the need for early 

identification and treatment of pre-diabetes as a key target for future intervention to reduce 

racial and regional disparities related to diabetes.

Genetic variants associated with race may increase the risk of having pre-diabetes (Konen et 

al., 1999) and subsequently diabetes (Carnethon et al., 2002; Vassy et al., 2012). The thrifty 

gene hypothesis offers one explanation for the increased risk of pre-diabetes and T2D in 

blacks. Researchers continue to look for support or otherwise for the theory. The hypothesis 

posits that descendants of indigenous people of Africa may have a specific gene that makes 

them more susceptible to diabetes (Neel, 1962). According to Neel's theory over thousands 

of years ago indigenous populations who relied on hunting, fishing and farming for their 

nourishment experienced alternating periods of feast or famine. To adapt to the extreme 

challenges of feast or famine people developed a thrifty gene that is not natural in human 

beings but evolved in time of famine to allow them to store fat and prevent starvation. 

Accordingly, in contemporary westernized societies the unlimited access to food coupled 

with a sedentary lifestyle has caused the unnatural gene to become deleterious to 

descendants of Africa's indigenous population (Neel, 1962). Proponents of the thrifty gene 

hypothesis have examined other genes that provide support to the thrifty gene hypothesis for 

diabetes prevalence. The ancestral hypertension sensitive gene has been proposed by some 

researcher to be a thrifty gene (Li et al., 2011). Researchers have investigated the 

evolutionary ecology of the hyper-tension sensitive gene's (ancestral D allele of angiotensin-

converting enzyme [ACE]) propensity for water and sodium retention and subsequently 

blood pressure regulation. The researchers concluded that the gene's sodium/water balance 

properties were directly related to the body's physiologic sweat response in the hot and arid 

climate of Africa. As descendants moved from the hot and arid climate of Africa the salt-

sensitive D allele ACE gene became deleterious (Li et al., 2011). The thrifty gene hypothesis 

has also been proposed as a plausible explanation for the increased body mass index 

observed in Polynesian populations. The findings suggest that certain genes remain a strong 

candidate thrifty gene in the Pacific (Myles et al., 2011). Although Neel's theory is 

significant to understanding of the evolutionary history of diabetes some recent study dispels 

the long held idea that indigenous people may have a specific gene that makes them more 

susceptible to diabetes. Many of these studies provide alternative hypotheses for the thrifty 

gene hypothesis such as that of genetic drift and not positive selection (Speakman, 2006), 

the evolution of insulin resistance as a result of a socio-ecological and socio-nutritional 

adaptation rather than thriftiness (Watve and Yajnik, 2007) or the alteration of gene 

expression related to gross changes in maternal diet and subsequent metabolic impairment 

(Sebert et al., 2011). Moreover, research study suggests that the thrifty gene theory remains 

inconclusive and requires further investigation (Lazar, 2005; Southam et al., 2009), and 
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other research study offers a combination of the thrifty genotype and the thrifty phenotype 

hypotheses (Stoger, 2008) as an explanation for the increased prevalence of diabetes. The 

thrifty gene hypothesis may still play a role in understanding the prevalence of diabetes but 

such a role is less likely to be detected through genetic polymorphisms but rather functional 

studies (e.g. epigenetics). The findings showed that Stroke Belt whites carried a high 

prevalence of pre-diabetes, and while lifestyle may contribute to some of the risk associated 

with this; it remains unclear whether genetic variants in combination with other factors are 

at play in whites with pre-diabetes from the Stroke Belt. Few studies have identified the 

genetic variants of pre-diabetes or T2D in blacks. To date most of the genetic variants 

identified for T2D are from studies of European and Asian populations (Ng et al., 2013). 

Future work should consider the contribution of a wider variety of theoretically-sound socio-

behavioral factors in combination with genetic findings to the development of pre-diabetes 

in both white and black subjects.

Strength of the study was the objective identification of pre-diabetes subjects by 8–10 hour 

fasting blood glucose between 100 and 125 mg/dL, instead of relying on self-report. 

Additionally, the large sample size provided the study with adequate power. While the study 

aim was limited to understanding the prevalence of pre-diabetes and its association with race 

and regionality after adjusting for sex and age; education and income; and BMI, physical 

activity, smoking history and alcohol use, previous work by the REGARDS investigators 

focused on lifestyle factors and co-morbid findings, identifying unhealthy eating habits 

(Newby et al., 2012), higher incidences of transient ischemic attack (TIA) symptoms (Judd 

et al., 2013), renal dysfunction/failure (McClellan et al., 2006), cognitive impairment 

(Tsivgoulis et al., 2009), heart disease (Howard et al., 2011), heavy drinking (Judd et al., 

2011), and smoking (Howard et al., 2011) as well as poorer control of blood pressure, 

hyperlipidemia, and blood glucose associated with African American race and living in the 

Stroke Belt region of the US. These findings are physiologically consistent with a finding of 

pre-diabetes, and subsequently T2D, providing an association with pathogenesis.

Study limitations

Study limitations extend to the methods used for the REGARDS study, including use of self-

report socioeconomic data, and self-report lifestyle choices (physical activity, smoking 

history, and alcohol consumption) that may have contributed to the selection of responses 

that were considered socially desirable, instead of an accurate reflection of socioeconomic 

state and lifestyle choices. Additionally, the highly rural Stroke Belt region carries high rates 

of poverty among blacks many of whom lack telephone access and were therefore excluded 

from participating in REGARDS: therefore, it is unclear whether the findings are 

representative of this group. The study was also limited by its cross-sectional design, with 

data collection occurring at only one point in time.

Conclusion

In summary this study provides support for the role of racial and regional variations in 

prevalence pre-diabetes. Conversely there may be other factors present in the southeast 

region of the US that lead to an increased risk of pre-diabetes more than that which can be 

explained by regional and racial variation. We should also consider the possibility that 
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region and race here may not be causal but simply correlates of causal variables such as 

blood pressure, hyperlipidemia, medication use, etc. Regardless of the mechanism, the study 

is important because prioritizing screening for pre-diabetes by race and region could be 

useful. Because pre-diabetes is a stage in the diabetes continuum where interventions have 

been shown to be effective to prevent or delay diabetes (Anon, 2010; Scragg et al., 2004) it 

is imperative to identify risk factors for pre-diabetes. The identification of race and 

regionality as risk factors for pre-diabetes may allow for early prioritization of interventions 

that focus on the southeast region of the US. Prevention or delayed progression of pre-

diabetes to diabetes in the southeast region of the US may decrease the morbidity and 

mortality of diabetes in the US.

Living in the US Stroke Belt is associated with an increased prevalence of pre-diabetes in 

both blacks and whites. Pre-diabetes is a risk factor for T2D and it may be contributing to 

the increased risk for T2D for those living within the Stroke Belt. Practitioners must identify 

pre-diabetes as one of the most significant opportunities for clinical intervention to reduce 

subsequent T2D diagnoses. While the study does not fully explain physiologic, behavioral, 

and socioeconomic mechanisms for pre-diabetes, it suggests the need for future work that 

aims to determine causal mechanisms ripe for intervention within the southeastern Stroke 

Belt region of the US.
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Table 1

Characteristics of the pre-diabetes study participants by race and region. REGARDS, United States, 2003–

2007.
a

Subjects Stroke Belt region Non-Stroke Belt region

Blacks Whites Blacks Whites

n 3596 7399 3516 5378

Male 1278 (36%) 3323 (44%) 1346 (38%) 2816 (52%)

Highest education

 <High school 657 (18%) 554 (7%) 517(15%) 249 (5%)

 High school graduate 1010 (28%) 1892 (26%) 971 (27%) 1166 (22%)

 Some college 928 (26%) 2037 (28%) 1009 (29%) 1373 (25%)

 College graduate 999 (28%) 2914 (39%) 1015 (29%) 2587 (48%)

Income

 <$20,000 895 (25%) 1654 (22%) 733 (21%) 487 (9%)

 $20,000–$34,000 979 (27%) 2409 (33%) 933 (26%) 1125(21%)

 $35,000–$74,000 322 (9%) 1526 (21%) 1014 (29%) 1826 (34%)

 >$75,000 436 (12%) 938 (13%) 417 (12%) 1328 (25%)

 Refused to disclose 964 (27%) 872 (11%) 419 (12%) 612 (11%)

Body mass index (kg/m2)

 Underweight (<18.5) 43 (1%) 92 (1%) 45 (1%) 63 (1%)

 Normal (18.5–25) 717 (20%) 2345 (32%) 734 (21%) 1607 (30%)

 Overweight (25–30) 1195 (33%) 2961 (40%) 1300 (37%) 2248 (42%)

 Obese (30+) 1624 (45%) 1979 (27%) 1427 (41%) 1445 (27%)

Physical activity

 None 1196 (34%) 2230 (31%) 1286 (37%) 1568 (30%)

 1–3 times/week 1315 (37%) 2684 (37%) 1263 (36%) 1974 (37%)

 4+ times/week 1023 (29%) 2390 (33%) 917 (27%) 1762 (33%)

Smoking history

 Never 1734 (49%) 3374 (46%) 1509 (43%) 2495 (47%)

 Past 1186 (33%) 2988 (41%) 1357 (39%) 2273 (42%)

 Current 655 (18%) 1016 (14%) 637 (18%) 589 (11%)

Alcohol (NIAAA)

 None 2579 (73%) 4274 (59%) 2242 (66%) 2400 (45%)

 Moderate (1–7 drinks/week for women, 1–14 drinks/week for men) 859 (24%) 2633 (36%) 1068 (31%) 2565 (48%)

 Heavy (8+ drinks/week for women, 15+ drinks/week for men) 93 (3%) 389 (5%) 106 (3%) 333 (6%)

Pre-diabetes 1107 (31%) 1766 (24%) 84 (25%) 1091 (20%)

Note: REGARDS = Reasons for Geographic and Racial Differences in Stroke study. NIAA = National Institute on Alcohol Abuse and Alcoholism, 

kg/m2 = kilogram per square meter.

a
Findings based on 19,889 pre-diabetes and no pre-diabetes REGARDS participants.
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Table 2

Adjusted logistic regression models for pre-diabetes by race and region from the REGARDS cohort baseline 

data, United States, 2003–2007.

Odds ratio (95% confidence interval)

Unadjusted Race + region
a

Sex + age
b

Income + education
c

Risk factors
d

Region (Stroke Belt compared to non-
Stroke Belt) 1.18 (1.10,1.26) 1.20 (1.13,1.28) 1.24 (1.16,1.32) 1.22 (1.15,1.31) 1.26 (1.17,1.35)

Race (black compared to white) 1.28 (1.19,1.36) 1.29 (1.21,1.38) 1.36 (1.27,1.46) 1.33 (1.24,1.43) 1.19 (1.10,1.28)

a
Adjusts for race and region.

b
Adjusts for race, region plus demographics (age and gender).

c
Adjusts for race, region, demographics plus socioeconomic status (education and income).

d
Adjusts for race, region, demographics, socioeconomic status and diabetes risk factors (body mass index, physical activity, smoking history, and 

alcohol use).
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