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Abstract. 
Background. The mortality and prevalence of diabetes mellitus (DM) vary across racial/ethnic groups with African Americans/blacks being disproportionately affected. However, it is unclear to what extent such disparities persist after the adjustment for covariates related to race/ethnicity and/or DM in the population. We aimed to assess racial/ethnic disparities in DM and to determine which covariates account for the observed racial/ethnic variabilities. Materials and Methods. We utilized a large cross-sectional survey of the US noninstitutionalized residents (
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) to investigate the racial/ethnic disparities in diabetes mellitus, and the degree in which the disparities are explained by the relevant covariates. Pearson’s chi-square was used to examine study variables by race/ethnicity, while logistic regression was used to assess the effect of race/ethnicity and other covariates on DM prevalence. Results. There were statistically significant ethnic/racial differences with respect to income, education, marital status, smoking, alcohol, physical activities, body mass index, and age, 
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, but not insurance coverage, 
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. Race/ethnicity was a single independent predictor of DM, with African Americans (non-Hispanic blacks) more likely to be diagnosed for DM compared with non-Hispanic whites, prevalence odds ratio (POR) 1.45, 95% confidence interval (CI) 1.30–1.62, while Hispanics were less likely to be diagnosed, POR = 0.98, 95% CI 0.87–1.09. Similarly, after controlling for potential confounders, the racial/ethnic variability in DM between AA/blacks and non-Hispanic whites persisted, adjusted POR = 1.30, 95% CI 1.15–1.47. Conclusions. Racial/ethnic variability exists in DM prevalence and is unexplained by racial/ethnic variance in education, income, marital status, smoking, alcohol, physical activities, age, and sex.
 

1. Introduction
Diabetes mellitus (DM) is one of the leading causes of death and disability in the United States, placing a significant public health burden both on individuals with DM as well as on the US health care system [1–6]. Type 2 DM accounts for approximately 90 to 95% of all diagnosed cases of diabetes and the rest are type I DM (NIDDK, 2005) [1].
According to national statistics, DM was the sixth leading cause of overall death listed on US death certificates in 2002, while by race/ethnicity, it was the 4th leading cause of death for non-Hispanic blacks, 5th for Hispanic and 6th for non-Hispanic white [1, 5–9]. Like mortality, the prevalence of DM also varies by race and ethnicity. The age-adjusted prevalence rate of diagnosed DM in 2005 among the US population of age 20 years or more was 9.5%, while this rate was 13.3% in non-Hispanic blacks, 8.7% in non-Hispanic whites, and 9.5% in Hispanic [1, 3, 4, 8–11]. These data clearly reveal variations in the racial/ethnic distribution of diabetes mellitus. African Americans are disproportionately at risk for DM and have the highest prevalence compared to other racial/ethnic groups [12–18]. The biological risk factors of DM include overweight or obesity, family history of DM (genetic factor), gestational diabetes, high blood pressure, abnormal cholesterol (lipid) levels, and physical inactivity [1, 3, 4, 12, 19, 20]. However, the racial disparity of DM may be attributable to variations in the distribution of specific risk factors, and these risk factors may differ by race/ethnicity [3–12]. Explanatory factors for racial/ethnic differences in DM include differences in race/ethnicity family income and insurance status. Other predictors of DM include socioeconomic, demographic, and prognostic factors [3, 4, 16–18, 21, 22].
This present study was designed to examine the nexus between race and DM, using the National Interview Health Survey (NIHS) data, and to determine whether or not the observed variance could be explained by the racial/ethnic disparities in insurance coverage, income, education, and other socioeconomic parameters that defined racial/ethnic group in the US. We postulate that the racial/ethnic disparities in DM may be explained by ethnic and racial variance in income, insurance status, educational attainment, and related socioeconomic, demographic, and prognostic risk factors.
2. Methods
After an IRB approval from the American Health Research Institute (AHRI), we conducted a cross-sectional study to examine racial/ethic variability in the prevalence of DM among noninstitutionalized US residents. Specifically, this study utilized secondary data to examine the relationship between the outcome variable: diabetes mellitus and main predictor variables: race, family income, insurance status and other sociodemographic and prognostic variables: age, sex, education level, employment status, marital status, body mass index (BMI), cigarette smoking, physical activity, and alcohol drinking status.
3. Study Population
The sample of the NHIS, 2003, consisted of 30,852 adults. Participants were non-Hispanic whites, 
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 (17.55%), and others, 
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 (3.56%). Participants were either male, 
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 (56.48%), with ages of 18 years and older.
4. Data Collection and Sampling Techniques
4.1. Data Collection Procedures
Data were collected via a personal household interview by census interviewers. The details of the sampling are published elsewhere [23]. 
5. Study Variables
5.1. Outcome Variable
The study outcome variable (diabetes mellitus) was measured as a self-reported variable and was dichotomized as “yes” and “no.” Subjects were asked if they were ever told by their health care provider of having diabetes mellitus.
5.2. Main Predictor (Explanatory) Variable
 The main predictor variable for this study was race/ethnicity and was categorized into non-Hispanic whites, non-Hispanic blacks, Hispanics, and others.
6. Other Potential Explanatory Variables
 Insurance coverage was measured by any family members having insurance coverage and was categorized into “yes,” “no,” “refused,” “not ascertained,” and “do not know.” The responses “refused,” “not ascertained,” and “do not know,” because of the small numbers, were not included in the analysis. Income was measured by family income greater than $20,000 and less than $20,000. This variable was categorized into “greater than $20,000,” “less than $20,000,” “refused,” “not ascertained,” and “do not know.” Similarly, the responses “refused,” “not ascertained,” and “do not know” were not included in the analysis.
The sociodemographic variables were age, sex, education level, employment status, and marital status. The age of participants was originally measured as a continuous variable and later categorized into a binary scale ≥50 years versus <50 year) variable given the clinical relevance of age in the predisposition to diabetes mellitus. Both males and females were eligible for the survey provided the age requirement was satisfied.
Education level was measured by the years of school attainment. This variable was collected as categorical but was recoded for suitable categories in comparing “less than or equal to high school,” “some college,” and “greater than or equal to a bachelor’s degree.” Employment status was measured by a categorical variable that elicited information on job profile. This variable was recoded in order to examine unemployment versus employment, with respect to racial distribution and the association with the outcome variables. Marital status was measured by a categorical variable and was used as social support system proxy to examine the influence of this variable on the outcome variable, diabetes mellitus.
6.1. Prognostic Variables
Body mass index (BMI) was conceptualized by the relationship between height and weight. This variable was collected on a continuous scale and was recoded into four distinct categories to reflect normal BMI and overweight BMI, utilizing the Centers for Disease Control and Prevention’s cut-off points for BMI. Smoking was conceptualized as history of tobacco use. This variable was collected as categorical with the main variable eliciting information on “ever smoked” and “never smoked.” The responses “refused,” “not ascertained,” and “do not know” were not included in the analysis. This variable was recoded into a binary variable. Physical activity was measured by frequency of exercise. This variable was categorized into ten groups with major categories including “never exercise,” “exercise” and “unable to exercise.” This variable was recoded into “ever exercise” (including daily, weekly, monthly, and yearly basis) versus “never exercise” (including unable to exercise), in order to examine the outcome variables and the association with race. Alcohol drinking status is collected as a categorical variable and is measured by the number of drinks within a period of time. This variable was recoded into “lifetime abstainer,” “former drinker,” and “current drinker.” This variable was used as confounding and was controlled in the association between race/ethnicity and diabetes mellitus.
6.2. Statistical Analyses
Categorical variables were summarized using frequency and percentages, while continuous variables were summarized using mean and standard deviation, or median and interquartile range (IQR) if normality assumption was violated. Pearson’s chi square statistic was used to examine the racial/ethnic association between DM and race/ethnicity. Similarly, the distribution of the predictor variables by race/ethnicity was obtained using chi-square statistic. The crude association between the main predictor variable race/race and diabetes mellitus was assessed using unconditional univariable logistic regression model. In addition, multivariable logistic regression model was used to simultaneously adjust for the confounding effects of the potential confounding variables on the association between race/ethnicity and diabetes mellitus. To enter into the multivariable model, a variable was required to be significant at 
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 for an interaction. Further, variables with biological or clinical relevance were entered into the multivariable model. All tests were two-tailed, and the significance level was 
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. The entire analysis was performed using STATA statistical software version 10.0. (STATACorp, College Station, TX).
7. Results
 There were 30,852 participants, in which less than 4% were others, implying other racial/ethnic group in the United States population besides Caucasian (non-Hispanic white), African American (non-Hispanic black), and Hispanic. The majority of the study participants were non-Hispanic whites, 
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 (65.4%). The remaining racial/ethnic groups were non-Hispanic blacks, 
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 (17.5). Though not shown in the table, the overall prevalence of diabetes mellitus was 8.3% in this sample of noninstitutionalized United States adult residents.
Table 1 presents the study characteristics by race/ethnicity. There were statistically significant ethnic/racial differences with respect to education, family income, marital status, current smoking status, history of alcohol use, physical activity, body mass index (BMI), and age group, 
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. However, there were no statistically significant racial differences regarding insurance status, 
	
		
			
				𝑝
				>
				0
				.
				0
				5
			

		
	
. Compared to Caucasians, African Americans and Hispanics were less likely to acquire undergraduate and graduate degrees (9.2% versus 4.5% and 3.1%, resp.). Family income was significantly higher among non-Hispanic whites (72.5%) compared with African Americans (55.1%) and Hispanics (57.7%). In addition, Hispanics (31.1%) were less likely to smoke compared to African Americans (37.7%) and non-Hispanic whites (47.9%). Non-Hispanic whites (65.8%) were more likely to report alcohol use compared to African Americans (49.3%) and Hispanics (51.1%). Further, Hispanics (20.1%) were less likely to exercise compared with African Americans (24.6%) and non-Hispanic whites (28.8%). Non-Hispanic whites (21.7%) were less likely to be overweight compared to African Americans (33.5%) and Hispanics (25.1%). Furthermore, compared to African Americans (54.9%) and non-Hispanic whites (64.1%), Hispanics (42.3%) were less likely to be in the older age group (>50 years).
Table 1: Study characteristics comparing covariates by race/ethnicity in a sample of community-based United States residents.
	

	Variables	Caucasian	African American	Hispanic	Others	χ 2  (df)	
	
		
			

				𝑝
			

		
	

	n	%	n	%	n	%	n	%
	

	Education									1800.0 (9)	<0.001
	    <High school	8672	43.0	2257	54.2	3852	71.1	368	33.5		
	    High school	6090	30.2	1278	30.7	1046	19.3	277	25.2		
	    Some college	3559	17.6	444	10.6	352	6.5	259	23.6		
	    ≥Bachelor’s degree	1848	9.2	189	4.5	166	3.1	195	17.7		
	Income									772.3 (3)	<0.001
	    ≤$20,000	5,547	27.5	1,872	44.9	2,290	42.3	301	27.4		
	    >$20,000	14,622	72.5	2,296	55.1	3,126	57.7	798	72.6		
	Marital status									744.0 (3)	<0.001
	    Married	9,407	46.6	2,895	69.5	2,566	47.4	505	46.0		
	    Nonmarried	10,762	53.4	1,273	30.5	2,850	52.6	594	54.0		
	Insurance status									4.3 (3)	0.222
	    Yes	18,005	89.3	3,717	89.2	4,799	88.6	996	90.6		
	    No	2,164	10.7	451	10.8	617	11.4	103	9.4		
	Current smoking status									673.9 (3)	<0.001
	    Yes	9,666	47.9	1,572	37.7	1630	30.1	347	31.6		
	    No	10,503	52.1	2,596	62.3	3,786	69.9	752	68.4		
	Alcohol history									660.5 (2)	<0.001
	    Yes	13,277	65.8	2,054	49.3	2,767	51.1				
	    No	6,892	34.2	2,114	50.7	2,649	48.9				
	Physical activity									182.0 (3)	<0.001
	    Yes	5,816	28.8	1,025	24.6	1,087	20.1	323	29.4		
	    No	14,353	71.2	3,143	75.4	4,329	79.9	776	70.6		
	Body mass index									575.3 (9)	<0.001
	    Underweight	421	2.2	47	1.2	62	1.22	53	5.1		
	    Normal weight	7,812	40.8	1,169	29.9	1,782	35.0	588	56.0		
	    Overweight	6,776	35.3	1,384	35.4	1,969	38.7	289	27.6		
	    Obese	4,152	21.7	1,307	33.5	1,280	25.1	119	11.3		
	Age group									927.7 (3)	<0.001
	    ≤50 years	7244	35.9	1,878	45.1	3,125	57.7	585	53.2		
	    >50 years	12,925	64.1	2,290	54.9	2,291	42.3	514	46.8		
	



Table 2 shows the racial/ethnic variability in DM prevalence. The race nonspecific (overall) prevalence of diabetes mellitus was 8.3%. There were statistically significant racial/ethnic disparities in the prevalence of DM, χ 2 (3, 
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. The Caucasians (7.8%) compared to African Americans (11.0%) were less likely to report being diagnosed with diabetes mellitus, but Hispanics were not.
Table 2: The comparison of diabetes mellitus by race/ethnicity in a sample of community-based United States residents.
	

	Variables	Caucasian	African american	Hispanic	Others	χ 2 (df) 	p
	number	%	number	%	number	%	number	%
	

	Diabetes mellitus									49.1 (3)	<0.001
	    Yes	1,580	7.8	459	11.0	415	7.7	90	8.2		
	    No	18,589	92.2	3,709	89.0	5,001	92.3	1,009	91.8		
	


Notes and abbreviations: the significance level is <0.01, df: degree of freedom, %: percentage.


Table 3 illustrates the crude or unadjusted association between race/ethnicity and diabetes mellitus. There was a statistically significant difference in the prevalence of diabetes mellitus by race/ethnicity. Relative to Caucasians, African Americans were most likely to be diabetic, prevalence odds ratio (POR) = 1.45, and 95% confidence interval (CI) 1.30–1.62, but Hispanics were not, POR = 0.98, 95% CI 0.87–1.09. Family income, education, age, body mass index, smoking, alcohol, physical activities, and marital status were statistically significantly associated with DM prevalence, 
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, but insurance status was not, POR = 1.0, 95% CI 0.88–1.44. Educational attainment inversely correlated with the prevalence of diabetes mellitus and clearly depicted a dose response pattern. Relative to less than high school education, high school education was 61% associated with DM prevalence reduction, POR = 0.39, 95% CI 0.36–0.42. Likewise, relative to less than high school, some college educational background was associated with 78% reduction in the prevalence of DM, POR = 0.22, 95% CI 0.19–0.25. The residents with bachelors and advanced degrees were 80% less likely to be diabetic compared to those with less than high school education, POR = 0.20, 95% CI 0.17–0.24.
Table 3: Unconditional univariable logistic regression model of the effect of race/ethnicity and other factors on the prevalence of diabetes mellitus in a large sample of community-based United States residents. 
	

	Variables	Prevalence odds ratio	95% confidence interval	p
	

	Race			
	    Non-Hispanic whites	1.00	Reference	Reference
	    Non-Hispanic blacks	1.45	1.30–1.62	<0.001
	    Hispanics	0.98	0.87–1.09	0.68
	Family income			
	    ≤$20,000	1.00	Reference	Reference
	    >$20,000	0.59	0.54–0.64	<0.001
	Insurance status			
	    Yes	1.00	Reference	Reference
	    No	1.00	0.88–1.14	0.950
	Education			
	    <High school	1.00	Reference	Reference
	    High school	0.39	0.36–0.42	<0.001
	    Some college	0.22	0.19–0.25	<0.001
	    ≥Bachelor’s degree	0.20	0.17–0.24	<0.001
	Age			
	    ≤50 years	1.00	Reference	Reference
	    >50	6.36	5.61–7.21	<0.001
	Body mass index			
	    Underweight	1.00	Reference	Reference
	    Normal weight	0.82	0.55–1.21	0.320
	    Overweight	1.68	1.13–2.49	0.010
	    Obese	4.08	2.76–6.04	<0.001
	Smoking			
	    No	1.00	Reference	Reference
	    Yes	1.90	1.63–2.22	<0.001
	Alcohol			
	    No	1.00	Reference	Reference
	    Yes	1.32	1.21–1.44	<0.001
	Physical activities			
	    No	1.00	Reference	Reference
	    Yes	0.67	0.60–0.74	<0.001
	Marital status			
	    Nonmarried	1.00	Reference	Reference
	    Married	0.89	0.82–0.96	0.004
	



Table 4 presents the unconditional multivariable logistic regression model of the effect of race/ethnicity on diabetes mellitus after controlling for family income, education, age, BMI, smoking, alcohol history, physical activities, and marital status. After controlling for these covariates, the statistically significant increase in the prevalence of DM among African Americans, compared to Caucasians persisted, adjusted POR = 1.30, 95% CI 1.15–1.47.
Table 4: Unconditional multivariable logistic regression model of the effect of race/ethnicity on diabetes mellitus prevalence in a large sample of community-based United States residents. 
	

	Variables	Prevalence odds ratio	95% confidence interval	
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 value
	

	Race			
	    Non-Hispanic whites	1.00	Reference	Reference
	    Non-Hispanic blacks	1.30	1.15–1.47	<0.001
	    Hispanics	1.13	0.99–1.28	0.06
	Family income			
	    ≤$20,000	1.00	Reference	Reference
	    >$20,000	0.66	0.60–0.73	<0.001
	Education			
	    <High school	1.00	Reference	Reference
	    High school	0.92	0.83–1.02	0.120
	    Some college	0.63	0.54–0.74	<0.001
	    ≥Bachelor’s degree	0.71	0.59–0.87	0.001
	Age			
	    ≤50 years	1.00	Reference	Reference
	    >50 years	6.13	5.36–7.01	<0.001
	Body mass index			
	    Underweight	1.00	Reference	Reference
	    Normal weight	0.87	0.58–1.31	0.510
	    Overweight	1.61	1.08–2.41	0.020
	    Obese	3.90	2.61–5.82	<0.001
	Smoking			
	    No	1.00	Reference	Reference
	    Yes	1.30	1.19–1.43	<0.001
	Alcohol			
	    No	1.00	Reference	Reference
	    Yes	1.24	1.12–1.38	<0.001
	Physical activities			
	    No	1.00	Reference	Reference
	    Yes	0.95	0.85–1.06	0.34
	Marital status			
	    Nonmarried	1.00	Reference	Reference
	    Married	0.97	0.89–1.07	0.610
	



8. Discussion
Previous studies have shown the variations in DM prevalence by race/ethnicity. In this current study, we aimed at assessing the covariates that may possibly explain the disparities of DM prevalence between Caucasians and African American/blacks as well as Hispanics. Primarily, this study clearly demonstrated that racial/ethnic variation in diabetes mellitus between African Americans and Caucasians exists and   is not explained by the differences in the distribution of family income, education, marital status, alcohol history, physical activities, body mass index, age, and smoking history.  
Our results confirm previous studies on high prevalence of DM among African Americans   in our unadjusted and controlled models [1, 2, 8, 9, 12–14, 16–18, 20, 22]. 
We have demonstrated that income is an independent predictor of diabetes mellitus. Caucasians presented with a higher family income level compared with African Americans/blacks and Hispanics.  However, diabetes mellitus prevalence was not higher among Hispanics compared to Caucasians in both our crude and adjusted models. Whereas family income predicts diabetes mellitus prevalence among African Americans, similar claims could not be made of the Hispanics relative to Caucasians [7, 21–28]. 
Our results indicate that education level inversely correlates with diabetes mellitus prevalence. This finding is plausible and supports racial variation in diabetes mellitus, given that Caucasians were more likely to acquire higher education compared to Hispanic and African Americans. Again, this finding does not hold for Hispanics since Hispanics had the lowest education but a slightly lower prevalence of diabetes mellitus compared to Caucasians. In general, it is logical to expect higher education to be associated with lower prevalence of diabetes mellitus because individuals who are educated are more likely to understand the risk factors for diabetes mellitus and apply this knowledge in controlling behavior towards risk factors reduction, namely, alcohol, smoking, and physical inactivity. Lower education level has been associated with increased risk of diabetes mellitus and other chronic diseases [29–32], and our results clearly support these previous data [33–40]. 
We have also demonstrated that the prevalence of diabetes mellitus is associated with current smoking, alcohol, physical activity, body mass index, and age. Non-Hispanic whites were more likely to smoke compared with either non-Hispanic blacks or Hispanics. Smoking is a risk factor in hypertension since it results in the constriction of the blood vessels, thus increasing peripheral resistance, and elevating the blood pressure. Smoking may play a role in DM given the nexus between DM and hypertension. Compared with other racial/ethnic groups, Hispanics were less likely to exercise or be involved in physical activities.  Physical activity is known to lower blood pressure and to be protective against the development of diabetes mellitus. Exercise has been shown to result in the expression of the genes that regulate insulin receptors, thus enhancing plasma glucose reuptake, and normalizing glycemic index [41]. Elevated BMI is associated with diabetes mellitus due to the extra load placed on the myocardium as result of increased cardiac contractibility which leads to increased heart rate and stroke volume, hence elevating the cardiac output and the subsequence increase in the blood pressure. Similarly, the nexus between hypertension and elevated blood glucose level may explain the observed relationship between BMI and glucose intolerance [42]. A direct association between overweight and DM is the explained insulin receptors insensitivity observed among overweight individuals. Paradoxically, whereas Hispanics were more likely to be overweight compared with non-Hispanic whites, the prevalence of DM was lowest among Hispanics. Diabetes mellitus increases with advancing age due to the development of arterial plagues leading to arteriosclerosis, hence increasing peripheral resistance through the stiffening of the blood vessels. Increased risk of DM among older individuals may be due to decreased sensitivity to insulin receptors observed in aging process.   Hispanics were more likely to be in the younger age group where diabetes mellitus is less prevalent. This may explain in part why DM was less prevalent among this racial/ethnic group compared with non-Hispanic whites and non-Hispanic blacks [42–44].
This study showed African American with the highest prevalence of diabetes mellitus, indicative of racial/ethnic disparities in diabetes mellitus in this sample. Race is a complex phenomenon, not very clearly understood. The highest prevalence of diabetes mellitus among African Americans may be due to biologic variation, genetic differences, and variance in geographic environment, nutrition/dietary differences, or in gene-environment interaction. The covariates that independently predicted diabetes mellitus have been shown to differ between African Americans/blacks and Caucasians as well as Hispanics. These covariates should very well explain or remove the disparities in diabetes mellitus between African American/blacks and Caucasians if properly controlled in a statistical model, as achieved in this study.  It is therefore unclear why this variation in diabetes mellitus persisted between African Americans and Caucasians after controlling for these potential confounding variables. However, it is plausible to suspect that there are other factors determining diabetes mellitus that are not available for adjustment in the relationship between this outcome variable (DM) and race/ethnicity [43, 45].
Despite the strength of our study (large sample size), this study is not without limitations. First, as a cross-sectional design, it is difficult to establish a temporal sequence, implying a clear direction on the causal pathway in the relationship between diabetes mellitus and race as well as other explanatory variables. However, it is unlikely that temporal sequence is mismatched in the cause and effect relationship between race/ethnicity and diabetes mellitus, since race preceded the development of diabetes mellitus. Second, because we recoded variables that were originally collected as continuous into categorical level, we might have introduced misclassification bias into our findings. Third, like most epidemiologic studies, these findings may be influenced by unmeasured and residual confounding since no statistical modeling no matter how sophisticated can remove all confounding in a data [46]. 
In summary, in this sample of noninstitutionalized or community-based United States residence, the prevalence of diabetes mellitus was highest among African Americans. Secondly, the observed racial/ethnic disparities were unexplained by life style and sociodemographic variables. This study is suggestive of the need to explore other potential risk factors in diabetes mellitus using prospective designs.
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