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Abstract 
In the United States, type 2 diabetes mellitus (T2DM) disproportionately af-
fects the African American (AA) community, which has not been systemati-
cally included in molecular studies of underlying mechanisms. As part of a 
gene expression study, we recruited cases with T2DM and matched, unaf-
fected controls at an urban hospital in Washington, DC, with a majority AA 
population. Here we describe the profile of socio-demographic, behavioral, 
and health-related associations of the study population. Self-reported data 
were collected from cases with T2DM (N = 77) and age- and gender-matched 
controls (N = 80), ages 45 - 65 years. Logistic regression was used to calculate 
odds ratios (OR) and 95% confidence intervals (CI). As expected, obesity, 
hypertension, and cardiovascular disease were more prevalent in cases than in 
controls. Tobacco smoking and working alongside other tobacco smokers 
were also associated with T2DM. After adjusting for covariates, current to-
bacco smoking remained statistically associated with the disease (OR per half 
pack of cigarettes 1.43, 95% CI 1.04 - 1.95; p-value 0.027). HbA1c levels were 
elevated in T2DM cases who smoked more than a pack of cigarettes daily. 
These associations highlight the comorbid burdens of T2DM in an AA urban 
community setting and identify tobacco control as an unmet need for future 
prevention and control efforts. 
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1. Introduction 

Type 2 diabetes mellitus (T2DM) is a chronic metabolic disorder that affects 463 
million people worldwide, and this number is projected to increase to 642 mil-
lion by 2040 [1]. It is estimated that in the United States alone, T2DM affects 
34.2 million people (10.5% of the US population), with 26.9 million diagnosed 
and an estimated 7.3 million that remain undiagnosed [2]. Significant health 
disparities in T2DM and its complications and co-morbidities exist among ra-
cial/ethnic minorities in the U.S., both in terms of health outcomes and quality 
of care [3]. But persons from racial and ethnic minorities have not been syste-
matically recruited into molecular studies of pathogenetic mechanisms of T2DM 
[4]. Since individuals with T2DM are at high risk for long-term complications 
[5], including hypertension, stroke, retinopathy, neuropathy, coronary artery 
disease, and end-stage renal disease, the identification of mechanisms and mod-
ifying factors is important for its prevention and control.  

As part of an ongoing study of the Research Center in Minority Institutions 
Program at Howard University, we are conducting a gene expression-based in-
vestigation in African Americans with T2DM, enrolled at Howard University 
Hospital. We recruited adult cases with T2DM and matched, unaffected controls 
at this urban hospital setting, collected information through questionnaires and 
medical record abstraction that served as covariates and potential effect modifi-
ers of the subsequent gene expression patterns. Here we describe the profile of 
socio-demographic, behavioral, and health-related associations of the study 
population. 

2. Materials and Methods 
2.1. Research Ethics Approval: Human Participants 

The study was conducted with approval of the Howard University Institutional 
Regulatory Board (protocol number IRB-17-MED-44) (Supplementary File 1). 

2.2. Study Population 

The eligible population consisted of adults aged 45 - 65 years old who self-identified 
as being AA. Persons with T2DM (cases, N = 77) were recruited sequentially 
from the Diabetes Treatment Center at Howard University Hospital between 
October 2019 and April 2020. They were diagnosed according to American Di-
abetes Association criteria (https://www.diabetes.org/a1c/diagnosis) as follows: 
1) fasting plasma glucose levels of 100 mg/dl (5.6 mmol/l) to 125 mg/dl (6.9 
mmol/l)], or 2) impaired glucose tolerance, as indicated by 2-h values in the oral 
glucose tolerance test of 140 mg/dl (7.8 mmol/l) to 199 mg/dl (11.0 mmol/l)], or 
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3) hemoglobin A1c (HbA1c) level of 5.7% or higher. Controls (N = 80) were 
frequency-matched to the case group by gender and 5-year age group. They were 
persons without T2DM who were recruited in the Howard University Hospital 
cafeteria through special recruitment drive (which included both hospital staff 
and visitors). 

2.3. Recruitment and Data Collection 

The participants responded to an advertisement made through the Howard 
University Community Newsletter via email, flyers, through public announce-
ments, and social media. A standardized questionnaire (Supplementary File 2) 
was used to collect information about education, economic status, smoking, al-
cohol consumption, and health history. Research participants filled in the paper 
forms under the supervision of the recruiter who assisted with any problems and 
checked for completeness. All participants provided signed informed consent. 
Medical records of cases were reviewed to confirm the T2DM diagnosis and to 
abstract the most recent HbA1c level. 

2.4. Exclusion Criteria 

The exclusion criteria for both cases and controls were having HIV/AIDS, can-
cer, or any major surgical procedure(s) in the last 5 years. 

2.5. Measures 
2.5.1. Demographic Factors 
Present age was recorded at the time of questionnaire, and categorized into five 
groups: <50 years, 50 - 54 years, 55 - 59 years, 60 - 64 years, and ≥65 years. 

2.5.2. Socioeconomic Factors 
Socioeconomic factors included marital status, education, and employment. Ma-
rital status was based on 3 response categories i.e., married, never married, or 
previously married. Education was categorized as less than or equal to high 
school, 4 years of college, or a master’s degree or higher degree. Current em-
ployment status was categorized as either working or not working.  

2.5.3. Behavioral Factors 
Tobacco smoking history was ascertained as never smoked cigarettes, past 
smoker, or current smoker. Current tobacco smoking was grouped into the fol-
lowing categories: non-smoker, 1 - 10 cigarettes/day, 11 - 19 cigarettes/day, 20 
cigarettes/day, and >20 cigarettes/day. We also asked about the number of years 
of living and working with smokers. Current alcohol consumption frequency 
was categorized as non-drinker, ≤once per month, 1 - 2 times per month, once 
per week, 2 - 3 times per week, or “almost daily”. 

2.5.4. Medical History Variables 
Several variables that are known or suspected risk factors or co-outcomes of 
T2DM were ascertained in the questionnaire, including hypertension, cardi-
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ovascular disease, asthma, hay fever, and medication allergies, all of which were 
categorized as “yes” or “no”. Body mass index (BMI) was computed based on 
self-reported height and weight at the time of recruitment and categorized into 
three groups based on Centers for Disease Control and Prevention (CDC) cut-off 
points: low to normal weight (BMI = 18.50 - 24.99), overweight (BMI = 25.00 - 
29.99), and obese (BMI > 30). 

2.6. Statistical Analysis 

Data were described using percentages or means and standard deviations (SD). 
In-dependent sample t-tests for continuous variables and chi-square tests for ca-
tegorical variables were used to examine differences between cases and controls. 
We used multivariate logistic regression analyses to estimate the odds ratios 
[ORs], and 95% confidence intervals [CIs] for those variables that were statisti-
cally significant in the univariate analyses, and the matching factors of age and 
gender were included in the model. Statistical significance was set at p ≤ 0.05. All 
statistical analyses were performed using SAS, version 9.4. 

3. Results 

For the total participants, Table 1 lists the socio-demographic characteristics, 
comparing the cases and controls. The mean age of the study population at the 
time of enrollment was 56.3 ± 7.70 and 56.8 ± 6.01 years for the control and 
T2DM groups respectively, and the proportions of males and females were iden-
tical between the two groups, by design. As expected, given the recruited hospital 
staff members among the controls, there was a statistically significant association 
between T2DM and working status, with T2DM cases more likely than controls 
to report not working. In both the control and T2DM groups, the marital and 
educational status distributions were almost equal (p-values 0.14 and 0.90, re-
spectively), and more than 60% of the recruited populations had a high school 
diploma or less education.   

We observed that T2DM was associated with several medical conditions, in-
cluding elevated BMI, hypertension, cardiovascular disease, and asthma, all of 
which were more prevalent in cases than controls (Table 2). Regarding BMI, the 
cases had a mean BMI of 36.8 (categorized as obese), whereas the mean BMI of 
the control group (29.2) was categorized as overweight. In the T2DM group, the 
mean age for the onset of T2DM was 43.6 years, with a mean HbA1c of 9.7% (83 
mmol/mol). Among all these associations, BMI, hypertension, cardiovascular 
diseases were significantly elevated in the cases compared to controls (p-values < 
0.05). Prevalence of hay fever and medication allergies was not significantly be-
tween cases and controls.  

Table 3 shows the associations of tobacco use and alcohol consumption with 
T2DM. We observed a statistically significant association with current tobacco 
use (p = 0.009) but not with alcohol consumption history (p = 0.81). The num-
ber of years working with smokers was also associated with T2DM (p = 0.03).  
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Table 1. Socio-demographic characteristics of the study population. 

Characteristic 
T2DM cases (n = 77) Controls (n = 80) 

n (%) Mean St. Dev. n (%) Mean St. Dev. P-value 

Age (yrs.)  56.8 6.01  56.3 7.7 0.65 

Age group:        

<50 9 (11.7)   10 (12.5)   0.99 

50 - 54 19 (24.7)   19 (23.8)    

55 - 59 19 (24.7)   20 (25.0)    

60 - 64 20 (26.0)   21 (26.2)    

65+ 10 (12.9)   10 (12.5)    

Gender:        

male 37 (48.0)   41 (51.3)   0.69 

female 40 (52.0)   39 (48.7)    

Occupation:        

Not working 48 (62.3)   35 (43.7)   0.02 

Working 29 (37.7)   45 (56.2)    

Marital status:        

Married 22 (28.6)   22 (27.5)   0.14 

Never married 41 (53.2)   33 (41.2)    

Previously married 14 (18.2)   25 (31.3)    

Education:        

≤high school 45 (66.2)   45 (60.8)   0.90 

4 years of college 14 (20.6)   17 (23.0)    

MS or higher degree 9 (13.2)   12 (16.2)    

Note: p-values from T-tests (continuous variables) or chi-square tests (categorical va-
riables). 
 

Table 2. Medical history variables in cases and controls. 

Characteristic 
T2DM cases (n = 77) Controls (n = 80) 

n (%) Mean St. Dev. n (%) Mean St. Dev. P-value 

Body mass index  36.8 11.4  29.2 6.3 <0.0001 

BMI group:        

<25 12 (15.6)   29 (36.2)    

25 - 20 13 (16.9)   23 (28.8)    

30+ 52 (67.5)   28 (35.0)   0.0002 

Age at onset of diabetes (cases)  43.6 11.4     

HbA1c level (cases)  9.7 2.8     

Hypertension        

No 19 (24.7)   53 (68.8)   <0.0001 

Yes 58 (75.3)   24 (31.2)    
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Continued 

Cardiovascular disease:        
No 57 (77.0)   70 (89.7)   0.03 
Yes 17 (23.0)   8 (10.3)    

Asthma        
No 56 (77.8)   71 (88.7)   0.07 
Yes 16 (22.2)   9 (11.3)    

Hay fever        
No 63 (86.3)   69 (88.5)   0.69 
Yes 10 (13.7)   9 (11.5)    

Medication allergies        
No 59 (80.8)   62 (82.7)   0.77 
Yes 14 (19.2)   13 (17.3)    

Note: p-values from T-tests (continuous variables) or chi-square tests (categorical variables). 
 
Table 3. Tobacco and alcohol consumption in cases and controls. 

Characteristic 
T2DM cases (n = 77) Controls (n = 80) 

n (%) Mean St. Dev. n (%) Mean St. Dev. P-value 

Current tobacco smoking:        

Non-smoker 27 (35.0)   41 (51.3)   0.007 

Former smoker 27 (35.0)   14 (17.5)    

Current smoker 23 (29.8)   25 (31.2)    

1 - 10 cigarettes/day 25 (32.5)   27 (33.7)    

11 - 19 cigarettes/day 17 (22.1)   4 (5.0)    

20 cigarettes/day 4 (5.2)   7 (8.8)    

>20 cigarettes/day 4 (5.2)   1 (1.2)    

Years since quitting  10.8 11.1  16.3 10.2 0.14 

Living with smokers        

No 51 (66.2)   55 (68.8)   0.74 

Yes 26 (33.8)   25 (31.2)    

Years living with smokers  13.1 11.6  9.2 11.7 0.23 

Working with smokers:        

No 49 (63.6)   50 (62.5)   0.88 

Yes 28 (36.4)   20 (37.5)    

Years working with smokers  12.2 11.4  6.5 7.9 0.03 

Current alcohol drinking:        

Non-drinker 24 (31.2)   33 (41.3)   0.81 

≤once per month 9 (11.7)   8 (10.0)    

1 - 2 times per month 12 (15.6)   8 (10.0)    

Once per week 7 (9.0)   6 (7.5)    

2 - 3 times per week 13 (16.9)   13 (16.2)    

Almost daily 12 (15.6)   12 (15.0)    

Years of alcohol drinking  15.9 11.3  18.4 13.1 0.34 

Note: p-values from T-tests (continuous variables) or chi-square tests (categorical variables). 

https://doi.org/10.4236/ojepi.2022.124035


J. J. Simhadri et al. 
 

 

DOI: 10.4236/ojepi.2022.124035 437 Open Journal of Epidemiology 
 

The mean year of workplace secondhand smoke exposure was 12.2 years for the 
cases compared to 6.5 years for controls. 

The results of the logistic regression model are shown in. Current tobacco 
smoking (OR = 1.43 per half-pack, 95% CI = 1.04 - 1.95, p-value 0.027) re-
mained statistically associated with T2DM after adjustment for age and gender.  

Within the T2DM cases, we examined the patterns of HbA1c levels in relation 
to comorbidities and tobacco use and alcohol consumption, as shown in Figures 
1-4. Higher levels of this marker revealed no statistically significant associations 
between HbA1c and these patients’ characteristics. 

 

 
Figure 1. Relationship between HbA1C level and diabetic smokers/non-smokers popula-
tion: To check any statistically significant relationship we performed T-test. No statisti-
cally significant relationship was observed. 
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Figure 2. Relationship between HbA1C level and other type of factors e.g., Hypertension, 
Heart Problem, Asthma and Medication allergy in the diabetes population: To check any 
statistically significant relationship we performed T-test. No statistically significant rela-
tionship was observed. 
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Figure 3. Relationship between HbA1C level and other different type of factors e.g., 
Thyroid problem, Eczema, Food Allergies and Hay Fever in the diabetes population: To 
check any statistically significant relationship we performed T-test. No statistically signif-
icant relationship was observed. 

 

 
Figure 4. Relationship between HbA1C level and diabetes with alcohol drinking/no al-
cohol drinking: To check any statistically significant relationship we performed T-test. 
No statistically significant relationship was observed. 

4. Discussion  

In this report, we examined the associations of demographic, socioeconomic, 
behavioral, and comorbid conditions of T2DM in an urban AA population. As 
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expected, statistically significant associations were observed with extreme obesity 
and hypertension being much more common among the affected cases com-
pared to age- and gender-matched controls. An unexpectedly strong association 
with current cigarette smoking was also observed, being much more prevalent 
among the cases than controls, and it also manifested with deleterious effects on 
the HbA1c levels of the cases. 

Among the many health consequences, obese persons are more likely to de-
velop T2DM (https://www.cdc.gov/healthyweight/effects/index.html). Our study 
design cannot determine whether obesity is a cause of consequence of T2DM. 
However, the association is consistent with other studies [6] [7], as T2DM and 
obesity are both associated with insulin resistance [8]. The META-Health Study 
of white and black residents aged 30 - 66 years living in the metro Atlanta area 
indicated that the average BMI in blacks was 31.4 ± 7.6, consistent with what we 
observed in our Washington, DC-based study, where it was 36.8 ± 11.4 in cases and 
29.2 ± 6.3 in controls [9]. According to recent maps of self-reported adult phys-
ical inactivity, there is 30.8% prevalence of physical inactivity in non-Hispanic 
black adults compared to 8% in whites in the District of Columbia area  
(https://www.cdc.gov/physicalactivity/data/inactivity-prevalence-maps/index.html), 
highlighting a possible intervention target for preventing T2DM.  

It has been well established that T2DM contributes to the development of 
hypertension and other cardiovascular diseases, in relation to common underly-
ing mechanisms of endothelial dysfunction, vascular inflammation, and dyslipi-
demia [10]. Since T2DM patients experience increased peripheral artery resis-
tance, it causes elevated systemic blood pressure [11]. T2DM is also found to be 
associated with both macrovascular (involving large arteries such as conduit 
vessels) and microvascular dysfunctions (involving small arteries and capillaries) 
disease [12]. Echocardiography results in the Jackson cohort of the Atheroscle-
rotic Risk in Communities (ARIC) study, which included middle-age black par-
ticipants aged 45 to 64 years, revealed left ventricular hypertrophy (LVH) in 41% 
of Black women and 37% of Black men [13]. We also observed that, a large por-
tion of T2DM patients in our AA cohort had hypertension and cardiovascular 
disease (p-values of 0.0001 and 0.03, respectively). 

Regarding behavioral factors in our study, current tobacco smoking and years 
of exposure to secondhand smoke at the workplace were found to be associated 
with T2DM. Several prior reports indicated that smoking-induced inflammation 
may contribute to T2DM onset; however, the underlying mechanisms are still 
not known completely [14] [15] [16]. White et al. [17] reported a study on a co-
hort of persons recruited from the tri-county area surrounding Jackson, MS, in 
the years 2000 to 2004, who were blacks aged 21 to 84 years. They found that AA 
who smoke more than 1 pack per day have a higher incidence of T2DM. The 
Insulin Resistance Atherosclerosis Study (IRAS) was another prospective study 
examining the relationship between smoking status and incident 5-year T2DM. 
They found that, of the current smokers, 25% developed T2DM at 5 years com-
pared with 14% of never smokers. Similarly, we observed that the majority 
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(64.8%) of our study population was either a current or former smoker, and after 
multivariable adjustment, current smokers had a 2.66 times chance of exhibiting 
increased incident T2DM compared with never smokers [18].  

Our study had some notable strengths and limitations. We recruited the study 
population from a single, urban hospital in Washington, DC, where cases and 
controls matched closely on age and gender. Cases had medically confirmed 
T2DM and patterns of associated comorbid conditions that were expected and 
consistent with prior research nationally. Controls were recruited from the same 
geographic area in which the cases re-sided. On the other hand, the recruitment 
of controls from among hospital staff meant that they were more likely than cas-
es to be currently employed, to be healthier in general, and to report lower levels 
of tobacco smoking. While the modest sample size was sufficient to confirm the 
expected associations with comorbidities and to highlight additional environ-
mental and behavioral associations, the statistical power to detect associations 
with less prevalent factors was limited. 

5. Conclusion 

In our cohort of AA men and women living in the urban Washington DC area, 
we found that patients with T2DM had higher levels of expected comorbid con-
ditions such as hypertension and obesity, compared to controls. The unexpec-
tedly high prevalence of tobacco smoking in the T2DM group and its extremely 
high levels of obesity suggest unmet clinical needs for smoking cessation and 
weight control interventions and treatments. 
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