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Abstract 
Background: Nutrition and dietary patterns are one of the most crucial health-

care concerns, especially because of the close association with chronic diseases, such as 

obesity, diabetes, hypertension and cardiovascular disease and some cancers. Our study 

focused on the Lumbee Native American tribe of North Carolina, who have diet-related 

health conditions and susceptibility to chronic diseases. Our study aimed to identify the 

dietary patterns of the local community both Lumbee Indians and non-Lumbees living 

in the area and provide recommendations for future programs and policies. Methods: 

Our descriptive study explored dietary patterns (food groups and food categories) in 

Robeson County, NC. We used the National Health and Nutrition Examination Survey 

(NHANES) Food Frequency Questionnaire to record dietary information. We evaluated 

participants’ knowledge level of hypertension using the Hypertension Knowledge 

Questionnaire (HKQ). Results: We enrolled 277 participants, of whom 115 (50.6%) were 

Lumbee and 112 (49.3%) were non-Lumbee. Most of our participants were female (n= 

137; 58%) with a median age of 68.39 (IQR 63.0 -76.0). The comparison of data from our 

participants and NHANES 2005–2006 reported significantly lower frequency intake 

among participants for fruits, vegetables, dairy, snacks, mixed dishes, and both alcoholic 

and nonalcoholic beverages (p<0.05). Our participants had a high consumption 

frequency of sugar-sweetened beverage in average (2.03 times per day). The 
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consumption frequency of fruits, vegetables, grains, dairy, protein, oil and fat, and sugar 

was not significantly different across race or chronic disease status (p>0.05). Differences 

by gender was observed in the average consumption frequency of vegetables (3.46 times 

per day for female vs. 3.11 times per day for male), fruits (1.92 times per day for female 

vs. 1.82 times per day for male), and grains (2.47 times daily for male vs. 1.75 times daily 

for female). Most of our participants could answer more than 16 out of 25 questions on 

the HKQ correctly, while the correct rate for some food-related questions such as pickles 

and crackers were relatively low. Conclusions: People of different races and chronic 

disease status in Robeson County shared a similar dietary pattern in general, which was 

characterized by a low consumption frequency of fruits, vegetables, and dairy products 

compared with NHANES 2005–2006. While efforts are needed to address the health 

disparity in Robeson, policymakers should consider the unique role of the female in 

education and communication of dietary information. Stronger policies are needed to 

restrict consumption on low-nutrient and energy-dense food to improve the dietary 

pattern.  
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1. Introduction  
As the global economy has developed, people’s living standards have 

significantly changed. This change, known as the “nutrition transition,” is evident in diet 

patterns. The nutrition transition, first proposed by Barry Popkin in 1993, is divided into 

five patterns (Figure 1).1 These five stages indicate the tendencies in food consumption 

from hunter-gather societies to modern consumer societies. The United States has 

completed the transition from pattern 3 to pattern 4,2 which has been intimately linked 

to the increasing prevalence of noncommunicable diseases (NCDs), especially nutrient-

related noncommunicable diseases (NR-NCD) such as hypertension, diabetes, and 

chronic kidney disease.  

 

Figure 1: Five Patterns of the Modern Global Food System's Development 

(Source: Barry M. Popkin, 2015) 
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During the nutrition transition, chronic diseases have been known to 

disproportionately affect American Indians (AIs), and Lumbee Indians are particularly 

known to have health disparities in North Carolina.3 The Lumbee Indians are one of the 

eight state-recognized AI tribes in North Carolina. According to the 2010 United States 

census, more than 60,000 persons identified themselves as Lumbee,4 most of whom lived 

near Robeson County, North Carolina. Robeson County is located in the coastal plain 

region of North Carolina and was formed in 1787 from Bladen County.5 This county has 

a total population of 134,168, according to the 2010 census, and it is also the home for 

most Lumbee Indians.6 In 2005, 38.5% of the population in Robeson County identified as 

AIs, mostly associated with the Lumbee Tribe of North Carolina.  

According to RWJ Foundation Health Rankings, Robeson County has the worst 

overall health outcomes among all counties in North Carolina.7 In this area, chronic 

diseases, such as heart disease, cancer, and diabetes, are major causes of death and 

disability. Compared with the state and national data, the prevalence of obesity, 

hypertension, high cholesterol, and diabetes was much higher in Robeson County 

(Figure 2).  
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Figure 2: Prevalence of Chronic Disease 

 

These facts underscore the need to study the diet quality of Robeson County 

residents. Our study was a descriptive study aimed at exploring the characteristics of 

diet patterns in Robeson County, primarily focusing on race, gender, and chronic 

disease status. We also evaluated our participants’ knowledge level of hypertension and 

compared results by education level. Finally, we discussed the study’s implications for 

policy on food information and food access.  
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2. Background 
2.1 History of Lumbee Indians and Their Diet 

According to Robeson County community leader D. F. Lowry in 1955, Lumbee 

Indians were considered "an admixture of seven different tribes, including the Cherokee, 

Tuscarora, Hatteras, Pamlico, and Croatan".8 John Herbert, the commissioner of Indian 

trade, prepared the first map showing American Indian communities in the area of 

Drowning Creek, which was also known as Lumber River or Lumbee River (Figure 3).9 

The Lumbee Indians were named after this river, which wandered through rural 

Robeson County. Although Lumbee Indians were recognized by Congress in 1956, they 

are still ineligible for full benefits of federal recognition, especially federal Indian Health 

Service benefits.10  

 

Figure 3: Map of Settlement Pattern Circa 1800 

(Source: Lumbee-tribe-of-nc | HISTORY & CULTURE, Available at: https://www.lumbeetribe.com/history--culture) 
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According to Malinda Maynor Lowery, Lumbee Indians considered themselves 

as the combination of “Indians, southerners, and Americans.”11 Similar to other AIs in 

the southern United States, Lumbee Indians were farmers who harvested corn, beans, 

squash, and tobacco12. They also hunted for deer, wild turkeys, and other animals in 

their history.13 More recently, several studies were conducted to explore the nutrition 

intake of Lumbee women. The study Bell et al. conducted in 1995 reported low intake of 

dietary fiber and minerals (magnesium, calcium, zinc) compared with the recommended 

dietary allowance (RDA) in Lumbee women.14 They also found that Lumbee women had 

less energy intake than RDA, while intake of fat was higher than recommendations––

although these findings were similar to the national survey results.14  Bell et al. (1997) 

reviewed 12 reports from 1959 to 1996 on AIs including Lumbee Indians and reported 

relatively high intakes of fat and saturated fat, and low intakes of polyunsaturated fat 

and fiber.15   

2.2. Nutrition-Related Chronic Disease  

Disparities in chronic diseases for US racial/ethnic minorities have been growing 

over the last several decades. According to the Report of the Secretary’s Task Force on 

Black and Minority Health in 1985, high death rates in minority groups were closely 

associated with diet or nutrition, especially cardiovascular disease and diabetes.16 As a 

minority group, Lumbee Indians have suffered from nutrition-related disease. Some 

researchers reported a significantly higher burden of cardiovascular risk factors among 
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this group as compared to non-Lumbee peers, including diabetes, hypertension, prior 

history of coronary artery disease, and heart attack.17 Other studies also reported similar 

results, indicating a higher prevalence of diabetes and hypertension among this group as 

compared with whites,10,18,19 which might be associated with the dietary pattern of 

Lumbee Indians. The Bell et al. study mentioned before also indicated that risk for 

chronic disease such as cardiovascular disease might be partly due to Lumbee women’s 

nutrition behaviors.14 

Although these studies demonstrated that the Lumbee were suffering severe 

chronic diseases, the dietary pattern for Lumbee was not explored, especially among 

Lumbee men. Therefore, our study aimed to explore the characteristics of dietary 

patterns for local people and identify unique factors associated with their food choices 

by gender, race, and chronic disease status.  
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3. Methods 
3.1. Study Settings 

Our study was part of an ongoing study, “Improving Outcomes for Chronic 

Kidney Disease in Southeastern North Carolina: An Evaluation of the Individual-and 

Community-Level Responses” (KIDNEY NC Study). This parent study, started in 2016, 

has been conducted by collaborators from Duke University Health System, Duke 

Clinical Research Institute, University of North Carolina Pembroke, and the 

Southeastern Regional Medical Center. The parent study aims to characterize the 

mechanisms driving the disparate burden of chronic kidney disease (CKD) in Robeson 

County, NC, home of the Lumbee Indians.  

This study was conducted in Robeson County, NC between May and July of 

2018. We had two sites in the towns of Pembroke and Lumberton, respectively, both of 

which were the habitation of Lumbee Indians. The research site in Pembroke was 

located in the Weinstein Health Services Building on the campus of the University of 

North Carolina at Pembroke, and the other one, in Lumberton, was located inside the 

Southeastern Health Mall Clinic. The locations of both sites were in a public building in 

the center of each town. Our four-member team was divided into two groups to conduct 

interviews in these two sites every day to better accommodate our study population.  
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3.2. Study Aims   

Study Aim 1. To characterize the sources of protein, carbohydrate, and caloric 

intake among people in Robeson County. 

Study Aim 2. To characterize the food consumption frequency of individuals 

living in Robeson County by race, gender, and chronic disease status.  

Study Aim 3. To evaluate the knowledge level of hypertension and compare the 

difference by education level. 

3.3. Participants 

As part of the parent study (KIDNEY NC Study), in a cross-sectional study, we 

recruited individuals who had received care in the Southeastern Health System in 2014–

2015. The KIDNEY NC pilot study drew participants from the Southeastern Health 

system, which is an integrated health system, based in Robeson County, comprising 

more than 40 primary, specialty, and urgent care clinics with a standard electronic 

health record (EHR). Southeastern Health provides more than 70% of all ambulatory 

care to the 99,552 adults of Robeson County. In partnership with Southeastern Health, 

the KIDNEY NC Study identified all 42,584 adults living in Robeson County who 

received ambulatory care and enrolled 465 individuals by December 2019.  

From 465 participants in the parent study, we recruited by sending out 

recruitment letters to participants. After individuals received the letters, we gave them a 
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follow-up call to ask if they were willing to participate in the research and answered 

their questions regarding the interview process. The inclusion criteria for participants 

were that people receive most of their medical care at Southeastern Regional Medical 

Center, did not plan to move away from the area in the next 12 months, and were not 

pregnant.  

3.4. Data Collection 

The entire interview was a structured interview that lasted about 90 minutes. The 

data we used for our study from the interview included demographics (i.e., gender, age, 

race/ethnic, education level), self-reported medical history (i.e., hypertension, diabetes, 

chronic kidney disease), the Hypertension Knowledge Questionnaire (HKQ), and 

dietary-related questions. The dietary-related questions asked participants whether they 

prepared or planned the family meals and went shopping for food. Once they answered 

no, they were asked to answer who did. During the interview, interviewers recorded 

participants’ information into RedCap, a secure web application which could be used in 

building and managing online surveys and databases.20 

After the interview, participants were asked to take the Food Frequency 

Questionnaire (FFQ) home and mail the completed survey back using the envelopes and 

stamps we provided. A single person performed our data entry (single data entry). 

Research assistants entered the information from each questionnaire into RedCap and 

kept the original documents in a safe place.  
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3.5. Hypertension Knowledge Questionnaire  

We used the HKQ to evaluate participant knowledge of hypertension (HTN) in 

our interview. It was a 25-statement questionnaire developed by Gazmararian and 

colleagues in 200321 (Appendix A) asking participants to determine if each statement 

was true or false.  

The current HKQ was derived from a 21-question questionnaire created by 

Williams et al. in 1998.22 It was based on written materials from the American Heart 

Association, the Joint National Committee Fifth Report on HTN.22 Gazmararian et al. 

added four more questions based on Williams’s questionnaire in their study, which 

evaluated a participant’s HTN when examining the relationship between health literacy 

and knowledge of disease among patients with a chronic disease. The current HKQ 

covered normal and high blood pressure readings, hypertension characteristics and 

symptoms, and participants’ ability to identify foods that are high in salt.  

3.6. Food Frequency Questionnaire  

We used the food frequency survey from the National Health and Nutrition 

Examination Survey (NHANES) Food Frequency Questionnaire (FFQ), created by the 

National Institutes of Health and National Cancer Institutes, to ascertain the health and 

nutritional status of adults and children in the US. This questionnaire collected 

information on an individual’s frequency of consumption during the last 12 months, 
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including both beverages and foods. It is used in nutrition monitoring and food safety 

and for regulatory purposes and federal nutrition programs.23  

The FFQ included 139 kinds of beverages and foods, which could capture the 

primary sources of energy and key nutrient intake. The items in the FFQ sometimes 

indicated one single food (e.g., “apple”), while some items combined several similar 

kinds of foods (e.g. “peanuts, walnuts, seeds, or other nuts”). The food FFQ only records 

the frequency of each kind of food rather than the portion size.  

3.7. Data Analysis 

We compared demographic data from the interview to determine the difference 

in the distribution of age group, education level and chronic disease status between 

respondents and non-respondents and between Lumbee Indians and non-Lumbee 

individuals by using a chi-square test at the significance level of 0.05. We defined 

patients in our study with chronic disease as those who self-reported hypertension, 

diabetes, or chronic kidney disease. Lumbee was also an independent variable by self-

reporting. 

Dietary pattern was defined as a variety of different foods and drinks in diets 

and the frequency with which they are habitually consumed. We explored the dietary 

patterns at two levels: food groups that were basic ingredients (e.g., fruits, vegetables, 

dairy), and food categories that were commonly consumed (e.g., pizza, sandwiches). We 

applied What We Eat in America Food Categories24 (Appendix B) and the categories for 
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the United States Department of Agriculture Food Patterns25  in food grouping.  We 

compared the frequency of each group and category to identify the main components of 

the diet for Lumbee and non-Lumbee individuals by using t-tests and ANOVA with a 

significant level of 0.05.  

At the food group level, we classified qualified food items into seven groups and 

nine subgroups (Table 1). Fruit included all products that had fruit components, 

including fresh fruits, fruit sauce, fruit juice, and dried fruits. Vegetables were classified 

into four subgroups: dark green vegetables, red and orange vegetables, starchy 

vegetables, and other vegetables. Other vegetables was a broad group that included 

peas, cucumbers, peppers, and onions. The protein group comprised a broad group of 

foods that we classified into five subgroups: meats, poultry, eggs, plant-based protein, 

and seafood. Dairy products included food made from milk such as yogurt and cheese. 

Fat and oil products included oil added to food directly and other items rich in fat, such 

as salad dressing and cream cheese. Sugar products in this part included food that was 

high in sugar, such as jam and honey. We did not include artificial sweetener in this 

group. 

Table 1: Food Group of Food Frequency Questionnaire 

Group Subgroup Examples 
Fruit  Apple juice, applesauce, apples, prunes 

Vegetables 
     

Dark green vegetable Spinach, turnip, collard, coleslaw 
Red and orange vegetables Carrots, tomatoes, sweet potatoes 
Starchy vegetables Corn, potatoes  
Other vegetables Cauliflower, mixed vegetables, peppers 
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Grains  Cereal, pancakes, lasagna, bagels 
Dairy  Milk, yogurt, cheese 

Protein food 

Meats Beef, ground beef, pork 
Poultry Chicken, turkey 
Seafood Tuna 
Plant-based protein Beans, peas, legumes 
Eggs Eggs 

Oils and fats  
Salad dressing, gravy on meat, creamer, 
margarine, mayonnaise, cream cheese 

Sugars  Jam, sugar, honey 
 

We also classified the foods into four main categories and 14 subcategories (Table 

2). Snacks were considered as the additional small serving of food eaten between meals, 

which was classified into six sub-categories: savory snacks, crackers, snack/meal bars, 

sweet bakery products, candy, and other desserts. Mixed dishes were classified into 

Asian, Mexican, Italian, pizza, and burgers. Nonalcoholic beverages were classified into 

three subgroups: sugar-sweetened beverages, milk, tea, or coffee without sugar. Sugar-

sweetened beverage included tea or coffee with sugar, flavored juice, energy beverages, 

and soft drinks. Alcohol consumption was defined as the total intake of beer, wine, 

liquor, and mixed drinks. 

Table 2: Food Category of Food Frequency Questionnaire 

Categories Sub-categories Examples 
Snacks Savory snacks Potato chips, tortilla, popcorn 

Crackers Crackers 
Snack/meal bars Granola bar 
Sweet bakery products Pie 
Candy Chocolate candy 
Other desserts Ice cream, pudding 
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Mixed dishes Asian Stuffing, dressing, dumplings, sushi 
Mexican tortillas, tacos 
Italian Lasagna, stuffed shells, stuffed 

manicotti, ravioli, tortellini 
Pizza Pizza 
Burgers Beef hamburgers, cheeseburgers  

Nonalcoholic 
beverage 

Milk Milk 
Sugar-sweetened Tea or coffee with sugar, flavored juice, 

energy beverages 
Coffee and tea without sugar  

Alcoholic 
beverage 

 Beer, wine, liquor, and mixed drinks 

 

The original frequency option was a categorical variable indicating frequency at 

different units (i.e., per day/ week/ month/ year). To add the frequency of each item 

under one specific food group or category, we revalued the frequency options on the 

FFQ into daily consumption (Table 3). Value of daily frequency was based on algorithms 

of Diet*Calc, which the National Cancer Institute developed to produce daily food 

frequency estimates from the FFQ data.26  

Table 3: Transformed Daily Frequency from FFQ 

Drink Foods Coffee and Tea 

Frequency Daily 
Frequency Frequency Daily 

Frequency Frequency Daily 
Frequency 

Never 0 Never 0 None 0 

1 time per 
month or less 

0.03 1-6 times per 
year 

0.01 Less than 1 cup 
per month 

0.02 

2-3 times per 
month 0.08 7-11 times per 

year 0.028 1-3 cups per 
month 0.07 

1-2 times per 
week 0.21 

1 time per 
month 0.033 1 cup per week 0.14 
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3-4 times per 
week 0.50 

2-3 times per 
month 0.08 

2-4 cups per 
week 0.43 

5-6 times per 
week 

0.79 1 time per 
week 

0.14 5-6 cups per 
week 

0.79 

1 time per 
day 1 2 times per 

week 0.29 1 cup per day 1 

2-3 times per 
day 2.5 3-4 times per 

week 0.50 2-3 cups per 
day 2.5 

4-5 times per 
day 4.5 

5-6 times per 
week 0.79 

4-5 cups per 
day 4.5 

6 or more 
times per day 

7 1 time per day 1 6 or more cups 
per day 

7 

  2 or more 
times per day 2   

 

We used data from NHANES 2005–200627 to identify the difference between the 

national dietary pattern and our participants’ pattern. We obtained the national 

weighted-average consumption frequency using the weights NHANES provided, which 

considered age, population, and race/ethnicity. A t-test was used to determine the 

difference between national data and our participants at a significance level of 0.05. 

We determined results from HKQ by calculating the percentage of the correct 

answer for each statement. We determined differences in education level by ANOVA 

tests at the significance level of 0.05.  To obtain the number of correct statements our 

participants selected, we assigned each question one point and summed up points for 

each participant.   
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4. Results 

4.1. Demographic Characteristics of Participants  

Among the 466 participants enrolled in the KIDNEY NC Study, we enrolled 227 

(48.8%) participants in our study. Table 4 shows the demographic information for all 

participants, including participants who did not return FFQ. The difference between 

respondents and non-respondents by gender, education level, and self-reported medical 

history was not significant. However, the average age of respondents was older than 

that of non-respondents (68.4 years old vs. 59.5 years old; p < 0.05).  

Most of our participants were female (n= 137; 58%) with a median age of 68.39 

(IQR 63.0 -76.0), and the study participants were nearly evenly divided between Lumbee 

(n = 115; 50.6%) and non-Lumbee (n = 112; 49.3%) individuals. Many participants self-

reported a history of diabetes (109; 48.0%), hypertension (181; 79.7 %), and chronic 

kidney disease (76; 33.5%).  

Table 4: Characteristics of Participants by Respond Status 

Variable 
Non-respondents 

(n = 238) 
Respondents 

(n =227) p-value 

Gender   0.2845 
        Male 100 (42.2%) 83 (36.9%)  

        Female 137 (57.8%) 142 (63.1%)  

        Missing 1 (0.4%) 2 (0.9%)  

Age   <0.01*** 
        <30 10 (4.2%) 2 (0.9%)  

        31-40 28 (11.8%) 3 (1.3%)  

        40-50 25 (10.5%) 6 (2.6%)  

        50-60 47 (19.8%) 25 (11.0%)  
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        60-70 67 (28.2%) 84 (37.0%)  

        70-80 45 (18.9%) 79 (34.8%)  

        >80 16 (6.7%) 28 (12.3%)  

Education   0.4765 
Primary 47 (20.3%) 45 (19.8%)  

Secondary 139 (60.2%) 147 (64.8%)  

Tertiary education or higher 45 (19.5%) 35 (15.4%)  

Missing 7 (2.9%) 0 (0.0%)  

Self-Reported medical history    

       Diabetes   0.7213 
             Yes 107 (45.9%) 109 (48.0%)  

             No 126 (54.1%) 118 (52.0%)  

             Missing 5 (2.1%) 0 (0.0%)  

       Hypertension   0.2712 
             Yes 174 (75.0%) 181 (79.7%)  

             No 58 (25.0%) 46 (20.3%)  

             Missing 6 (2.5%) 0 (0.0%)  

      Chronic kidney disease   0.6305 
             Yes 84(36.1%) 76(33.5%)  

             No 149(63.9%) 151(66.5%)  

             Missing  5(2.1%) 0(0.0%)  

*** p < 0.01 
Demographic results were also shown by race (Table 5). There was no significant 

difference between Lumbee and non-Lumbee individuals by gender, age, or chronic 

disease (diabetes, hypertension, and chronic kidney disease) status (p > 0.05). However, 

Lumbee participants had lower education levels when compared with non-Lumbee (p = 

0.038) individuals.  

Table 5: Characteristics of Participants by Race 

Variable 
Lumbee Non-Lumbee 

p-value 
(n=115) (n=112) 

Gender    0.341  
        Male 46 (40.4%) 37 (33.3%)  

        Female 68 (59.6%) 74 (66.6%)  

        Missing 1 (0.9%) 1 (0.9%)  

Age    0.118  
        <30 1 (0.9%) 1 (0.9%)  

        31-40 3 (2.6%) 0 (0.0%)  
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        40-50 4 (3.5%) 2 (1.8%)  

        50-60 14 (12.2%) 11 (9.8%)  

        60-70 48 (41.7%) 36 (32.1%)  

        70-80 36 (31.3%) 43 (38.4%)  

        >80 9 (7.8%) 19 (17.0%)  

Education    0.038*  
Primary 30 (26.1%) 15 (13.4%)  

Secondary 71 (61.7%) 76 (67.9%)  

Tertiary education or higher 14 (12.2%) 21 (18.8%)  

Self-reported medical history     

       Diabetes    0.161  
             Yes 61 (53.0%) 48 (43.2%)  

             No 54 (47.0%) 64 (56.8%)  

             Missing 0 (0.0%) 0 (0.0%)  

       Hypertension    0.948  
             Yes 91 (79.1%) 90 (80.4%)  

             No 24 (20.9%) 22(19.6%)  

             Missing 0 (0.0%) 0 (0.0%)  

      Chronic kidney disease    0.091  
             Yes 32 (27.8%) 44 (39.3%)  

             No 83 (72.2%) 68 (60.7%)  

             Missing  0 (0.0%) 0 (0.0%)  

       Insurance    1.000  
             Yes 113 (99.1%) 111 (99.1%)  

             No 1 (0.9%) 1 (0.9%)  

             Missing 1 (0.9%) 0 (0.0%)  

       History of Smoking    0.641  
             Yes 14 (12.2%) 17 (15.2%)  

             No 101 (87.8%) 95 (84.8%)  

             Missing 0 (0.0%) 0 (0.0%)   
* p< 0.05; 

 

4.1. Dietary Pattern  

4.2.1. Dietary Consumption by Food Groups 

Comparison between data from NHANES 2005–2006 and results from our 

participants reported significantly different consumption of fruits (2.47 times per day vs. 

1.89 times per day; p = 0.001), vegetables (3.94 times per day vs. 3.39 times per day; p = 
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0.009), grains (2.41 times per day vs. 2.00 times per day; p = 0.004) and dairy (1.89 times 

per day vs. 0.89 times per day; p < 0.001). We also observed a difference in subgroups 

that included red and orange vegetables (0.87 times per day vs. 0.61 times per day; p < 

0.001), starchy vegetables (0.80 times per day vs. 0.54 times per day; p = 0.001) and eggs 

(0.22 times per day vs. 0.29 times per day; p < 0.001).  

Table 6: Food Group Average Consumption Frequency Comparison 

Group 
NHANES 
2005-2006 

(times per day) 

Participants 
(N = 227) 

(times per day) 
p-value 95% CI 

Fruit 2.47 1.89 0.001* (1.54 ,2.24) 
Vegetables 3.94 3.34 0.009* (2.88, 3.79) 

Dark green vegetable 0.62 0.58 0.287 (0.49, 0.66) 
Red and orange vegetables 0.87 0.61 <0.001* (0.50, 0.73) 
Starchy vegetables 0.80 0.54 <0.001* (0.46, 0.63) 
Other vegetables 1.28 1.28 0.984 (1.13, 1.42) 

Grains 2.41 2.00 0.004* (1.73, 2.28) 
Dairy 1.89 0.89 <0.001* (0.75, 1.02) 
High protein foods 2.21 2.28 0.837 (1.67, 2.89) 

Meats 1.03 1.06 0.791 (0.75, 1.38) 
Poultry 0.49 0.42 0.189 (0.33, 0.52) 
Eggs 0.22 0.29 <0.001* (0.25, 0.34) 
Plant-based protein 0.32 0.34 0.564 (0.27, 0.40) 
Seafood 0.19 0.15 0.469 (0.06, 0.25) 

Oils and fats 2.13 2.06 0.658 (1.76, 2.36) 
Sugars 0.67 0.75 0.275 (0.60, 0.91) 
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Fruit 

The average consumption of fruits was 1.9 times per day. We observed 

differences in fruit consumptions when comparing Lumbee and non-Lumbee 

participants according to gender, age, and disease status (Table 7). 

Table 7: Average Consumption Frequency of Total Fruits 

Variables 
Lumbee 

(times per day) 
Non-Lumbee 

(times per day) Total 
(times per day) 

Female Male Total Female Male Total 

Age 
<55 3.31 - 3.31 9.59 1.37 6.85 4.19 
55~70 1.28 2.07 1.65 1.70 1.52 1.67 1.66 
>70 1.90 1.35 1.68 1.73 2.01 1.85 1.78 

Chronic 
 disease 

Yes 1.98 1.86 1.93 2.00 1.97 1.99 1.96 
No 1.30 1.13 1.25 1.80 1.38 1.63 1.43 

CKD 
Yes 1.94 2.30 2.11 1.82 1.07 1.63 1.83 
No 1.85 1.52 1.73 2.07 2.15 2.10 1.91 

Hypertension 
Yes 1.87 1.93 1.89 1.90 2.12 1.97 1.93 
No 1.86 1.03 1.59 2.33 1.16 1.84 1.72 

Diabetes 
Yes 1.92 2.07 1.98 1.86 2.02 1.88 1.94 
No 1.82 1.40 1.66 2.10 1.85 1.98 1.85 

Total 1.87 1.77 1.83 1.98 1.87 1.94 1.89 
 

In general, the frequency of fruit consumption differed significantly by age (4.19 

times daily; 1.66 times daily; 1.78 times daily; p < 0.01). People with any chronic disease 

in our sample had no significant difference in fruit consumption compared with other 

participants who did not report chronic disease (1.96 times daily vs.1.43 times daily; p = 

0.071). 
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Vegetables 

Overall average consumption frequency of vegetables was 3.3 times per day. 

Lumbee participants had a similar frequency of having vegetables to non-Lumbee 

participants (3.09 times per day vs. 3.58 times per day; p = 0.288). Vegetable 

consumption did not show a significant difference over chronic disease status (3.36 

times daily vs. 3.20 times daily; p = 0.748) and gender (3.46 times per day for female vs. 

3.11 times per day for male; p = 0.512). However, Lumbee and non-Lumbee individuals 

showed a potential difference for people older than 70 (2.72 times daily vs. 3.91 times 

daily, p = 0.07). 

Table 8: Average Consumption Frequency of Total Vegetables  

Variables 
Lumbee 

(times per day) 
Non-Lumbee 

(times per day) Total 
(times per day) 

Female Male Total Female Male Total 

Age 
<55 3.81 - 3.81 2.30 1.33 1.98 3.12 
55~70 3.44 3.03 3.27 3.37 1.74 3.24 3.26 
>70 2.76 2.67 2.72 4.11 3.69 3.91 3.43 

Chronic 
 disease 

Yes 3.38 3.00 3.22 3.63 3.22 3.50 3.36 
No 2.55 2.05 2.37 3.91 4.39 4.10 3.20 

CKD 
Yes 4.11 3.86 4.00 3.94 1.45 3.51 3.72 
No 2.98 2.49 2.79 3.48 3.83 3.62 3.18 

Hypertension 
Yes 3.34 3.12 3.25 3.45 3.33 3.41 3.33 
No 2.90 2.08 2.54 4.47 3.69 4.18 3.36 

Diabetes 
Yes 3.59 3.22 3.44 3.95 3.36 3.86 3.61 
No 2.85 2.44 2.69 3.41 3.43 3.42 3.11 

Total 3.24 2.87 3.09 3.66 3.42 3.58 3.34 
* Number represented daily consumption frequency (e.g., 7.50 times per day) 
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Figure 4: Average Vegetable Consumption Frequency by Race 

 

We compared the average consumption frequency for each subgroup by race and 

chronic disease status (Figure 4). One of the most common vegetables our participants 

consumed was potatoes, accounting for nearly 70% of consumption of starchy 

vegetables. Average consumption for four race groups was significantly different (p < 

0.01). Both Lumbee and non-Lumbee participants consumed other vegetables with high 

frequency (1.20 times per day for Lumbee and 1.36 times per day for non-Lumbee). Both 

Lumbee (0.52 times per day for dark green vegetables, 0.58 times per day for red and 

orange vegetables, 0.60 times per day for starchy vegetables; p =  0.565) and non-Lumbee 

(0.58 times per day for dark green vegetables, 0.62 times per day for red and orange 
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vegetables, 0.54 times per day for starchy vegetables; p = 0.565; p = 0.234) individuals 

had a similar consumption frequency over each subgroup. 

Grains 

Average consumption of grain food was 2.00 times per day for all participants 

(Table 9). Average frequency for Lumbee and non-Lumbee participants in consuming 

grains was similar (2.0 times daily vs. 2.01 times daily; p = 0.951). However, average 

consumption frequency between men and women differed significantly (2.47 times daily 

vs. 1.75 times daily; p = 0.044). Consumption frequency between chronic disease patients 

and others was also similar (p = 0.444), and average frequency was 2.03 times per day 

and 1.84 times per day respectively.  

Table 9: Average Consumption Frequency of Total Grains 

Variables 
Lumbee 

(times per day) 
Non-Lumbee 

(times per day) Total 
(times per day) 

Female Male Total Female Male Total 

Age 
<55 2.00 2.95 2.08 2.21 1.14 1.99 2.06 
55~70 1.64 2.61 2.04 1.84 1.24 1.71 1.91 
70+ 1.72 2.17 1.91 1.66 2.93 2.22 2.10 

Chronic 
 disease 

Yes 1.70 2.50 2.01 1.80 2.52 2.05 2.03 
No 1.84 2.08 1.92 1.56 2.18 1.74 1.84 

CKD 
Yes 1.60 2.27 1.87 1.82 1.97 1.87 1.87 
No 1.78 2.54 2.05 1.74 2.77 2.11 2.08 

Hypertension 
Yes 1.70 2.47 2.00 1.70 2.56 1.99 1.99 
No 1.81 2.38 2.02 2.07 2.21 2.12 2.07 

Diabetes 
Yes 1.70 2.65 2.09 2.03 1.40 1.91 2.01 
No 1.75 2.20 1.90 1.51 2.81 2.09 2.01 

Total 1.73 2.45 2.00 1.77 2.49 2.02 2.01 
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Bread was a primary source of grains among our participants, which had the 

highest frequency (0.55 times per day) for this food group (Table 10).  

Table 10: Average Consumption Frequency of Bread 

    White Bread 
(times per day) 

Whole Wheat 
Bread 
(times per day) 

Total Bread 
(times per day) 

Chronic 
Disease 
Patient 

Lumbee 0.41 (75.99%) 0.13 (24.01%) 0.54 (100.00%) 
Non-Lumbee  0.41 (75.14%) 0.14 (24.86%) 0.55 (100.00%) 
Total 0.41 (75.56%) 0.13 (24.44%) 0.55 (100.00%) 

Other 
participants  

Lumbee 0.52 (81.98%) 0.11 (18.02%) 0.63 (100.00%) 
Non-Lumbee 0.22 (51.33%) 0.21 (48.67%) 0.42 (100.00%) 
Total 0.39 (71.62%) 0.15 (28.38%) 0.54 (100.00%) 

Total 0.41 (75.05%) 0.14 (24.95%) 0.55 (100.00%) 
 

Average consumption frequency of whole wheat bread differed from that of 

refined bread (0.14 times daily vs. 0.41 times daily; p < 0.05). The average proportion of 

whole wheat bread to total bread consumption was 24.95%, and only 32% of participants 

claimed half of the bread they had consumed was whole wheat.  

Dairy 

Our participants had an average consumption frequency of 0.88 times per day. 

Consumption frequency for Lumbee and non-Lumbee participants was 0.91 times per 

day and 0.85 times per day, respectively (p = 0. 674). Gender did not show a significant 

difference in dairy consumption (0.83 times daily for female vs. 0.96 times daily for male; 

p = 0.372). Consumption frequency of dairy products did not show significant difference 

regarding chronic disease status in Lumbee participants (p = 0.816), but non-Lumbee 
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patients who reported any chronic diseases consumed fewer dairy products than other 

non-Lumbee individuals who did not (p = 0.043). 

Table 11: Average Consumption Frequency of Total Dairy Products 

Variables 
Lumbee 

(times per day) 
Non-Lumbee 

(times per day) Total 
(times per day) 

Female Male Total Female Male Total 

Age 
<55 1.05 0.51 0.97 1.04 0.43 0.88 0.95 
55~70 0.89 0.96 0.92 0.93 0.89 0.92 0.92 
70+ 0.73 1.05 0.88 0.65 1.01 0.80 0.83 

Chronic 
 disease 

Yes 0.88 0.94 0.90 0.72 0.86 0.77 0.83 
No 0.84 1.14 0.96 1.46 1.95 1.59 1.23 

CKD 
Yes 0.71 1.03 0.86 0.64 0.90 0.72 0.77 
No 0.93 0.94 0.93 0.92 0.99 0.94 0.94 

Hypertension 
Yes 0.87 0.84 0.86 0.71 0.92 0.78 0.82 
No 0.87 1.38 1.10 1.25 1.12 1.20 1.15 

Diabetes 
Yes 0.86 0.88 0.87 0.56 0.60 0.57 0.73 
No 0.88 1.08 0.96 1.08 1.09 1.09 1.03 

Total 0.87 0.97 0.91 0.80 0.96 0.85 0.88 
 

Protein Food 

 Our participants consumed protein foods 2.28 times per day (Table 12). Lumbee 

and non-Lumbee participants did not differ significantly in consuming protein food in 

general (2.07 times daily vs. 2.48 times daily; p = 0.510). Intake of protein food with 

regard to gender (1.81 times daily for female vs. 3.01 times daily for male; p = 0.130) and 

chronic disease status (2.30 times daily for participants reported chronic disease vs. 2.11 

times daily for participants did not; p = 0.653) was similar as well.  
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Table 12: Average Consumption Frequency of Total Protein 

Variables 
Lumbee 

(times per day) 
Non-Lumbee 

(times per day) Total 
(times per day) 

Female Male Total Female Male Total 

Age 
<55 2.06 1.90 2.03 2.28 1.27 2.03 2.03 
55~70 1.82 2.69 2.23 1.85 1.76 1.83 2.07 
70+ 1.71 1.90 1.81 1.69     4.72 2.97 2.56 

Chronic 
 disease 

Yes 1.82 2.40 2.09 1.75 4.06 2.50 2.30 
No 1.91 2.08 1.97 2.18 2.60 2.31 2.12 

CKD 
Yes 1.84 2.79 2.31 1.80 2.07 1.87 2.06 
No 1.83 2.17 1.98 1.80 4.83 2.84 2.39 

Hypertension 
Yes 1.83 2.51 2.13 1.70 4.32 2.53 2.33 
No 1.85 1.84 1.85 2.26 2.29 2.27 2.05 

Diabetes 
Yes 1.84 2.62 2.21 1.85 1.44 1.78 2.02 
No 1.83 2.03 1.92 1.74 4.67 2.98 2.51 

Total 1.83 2.36 2.07 1.80 3.91 2.48 2.28 
 

 

Figure 5: Average Protein Consumption Frequency by Race 

The frequency of consumption of meat for both Lumbee (0.97 times per day) and 

non-Lumbee (1.16 times per day) participants was highest, whereas the frequency of 
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consumption of seafood was lowest in this group for Lumbee (0.12 times per day) and 

non-Lumbee (0.18 times per day) individuals (Figure 5). Lumbee and non-Lumbee 

participants did not differ significantly in consuming red meats (0.97 times per day vs. 

1.17 times per day; p = 0.531), poultry (0.37 times per day vs. 0.48 times per day; p = 

0.259), eggs (0.28 times per day vs. 0.31 times per day; p = 0.490), beans (0.33 times per 

day vs. 0.35 times per day; p = 0.746) and seafoods (0.12 times per day vs. 0.18 times per 

day; p = 0.555). 

 

Figure 6: Average Consumption Frequency of Eggs by Gender and Chronic Disease 

A significant difference by gender was observed in the consumption of eggs (0.24 

times daily for female vs. 0.39 times daily for male; p = 0.003). Self-reported chronic 

disease patients had a potential difference in consumption for eggs from that of other 

participants who did not report chronic disease (0.30 times daily vs. 0.21 times daily; p = 

0.07).  

 

 



 

28 

Fat and Oil 

Average consumption frequency for all participants was 2.06 times per day 

(Table 13). The average frequency of oil products between Lumbee and non-Lumbee 

participants was similar (1.90 times per day vs. 2.20 times per day; p = 0.314). On 

average, female participants consumed oil products 1.97 times per day, and males 

consumed them 2.21 times per day (p = 0.488). Chronic disease status was not associated 

with the frequency of oil product consumption either (2.04 times daily vs. 2.21 times 

daily; p= 0.632).  

Table 13: Average Consumption Frequency of Total Oil Products 

Variables 
Lumbee 

(times per day) 
Non-Lumbee 

(times per day) Total 
(times per day) 

Female Male Total Female Male Total 

Age 
<55 1.89 2.08 1.92 1.40 0.58 1.19 1.74 
55~70 1.86 1.99 1.92 2.28 1.86 2.20 2.04 
70+ 1.88 1.84 1.86 1.86 2.86 2.28 2.14 

Chronic 
 disease 

Yes 1.92 1.96 1.94 1.89 2.62 2.12 2.04 
No 1.61 1.87 1.72 3.48 1.86 2.89 2.21 

CKD 
Yes 1.58 2.46 2.01 2.05 2.23 2.10 2.06 
No 1.97 1.71 1.86 2.05 2.67 2.27 2.06 

Hypertension 
Yes 1.98 1.90 1.95 1.91 2.55 2.11 2.03 
No 1.41 2.12 1.73 2.74 2.45 2.62 2.18 

Diabetes 
Yes 1.96 1.84 1.90 2.07 2.83 2.18 2.04 
No 1.79 2.07 1.90 2.03 2.45 2.22 2.08 

Total 1.87 1.95 1.90 2.05 2.53 2.20 2.06 
 

The average frequency of consuming food with oil added was 0.31 times per day. 

Table 14 shows the distribution of each frequency of consumption of food with oil 
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added: 30.3% of Lumbee participants consumed it at least two times per week, while the 

percentage for non-Lumbee was 27.52%.  

Table 14: The Consumption Frequency of Food with Oil Added 

Frequency Total Lumbee Non-Lumbee 
Never 15 (6.79%) 8 (7.14%) 7 (6.42%) 
1–6 times per year 20 (9.05%) 11 (9.82%) 9 (8.26%) 
7–11 times per year 22 (9.95%) 13 (11.61%) 9 (8.26%) 
1 time per month 19 (8.60%) 11 (9.82%) 8 (7.34%) 
2–3 times per month 23 (10.41%) 10 (8.93%) 13 (11.93%) 
1 time per week 17 (7.69%) 8 (7.14%) 9 (8.26%) 
2 times per week 38 (17.19%) 14 (12.50%) 24 (22.02%) 
3–4 times per week 37 (16.74%) 21 (18.75%) 16 (14.68%) 
5–6 times per week 11 (4.98%) 7 (6.25%) 4 (3.67%) 
Once per day 14 (6.33%) 5 (4.46%) 9 (8.26%) 
Twice or more per day 5 (2.26%) 4 (3.57%) 1 (0.92%) 

 

Sugar Products 

Average consumption of sugar products was 1.20 times per day, which showed 

no significant difference by race (0.71 times daily vs. 0.80 times daily; p = 0.610), gender 

(0.73 times daily vs. 0.79 times daily; p = 0.68), or chronic disease status (0.73 times daily 

vs. 0.91 times daily; p = 0.454) (Table 15).  

Table 15: Average Consumption Frequency of Total Sugar 

Variables 
Lumbee 

(times per day) 
Non-Lumbee 

(times per day) Total 
(times per day) 

Female Male Total Female Male Total 

Age 
<55 1.20 0.54 1.10 1.99 0.09 1.61 1.24 
55~70 0.71 0.67 0.69 0.51 0.91 0.60 0.65 
70+ 0.69 0.50 0.61 0.72 1.14 0.89 0.78 
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Chronic 
disease 

Yes 1.25 0.94 1.12 1.22 1.46 1.30 1.21 
No 0.58 0.96 0.72 1.33 2.73 1.71 1.13 

CKD 
Yes 1.36 0.80 1.11 1.58 1.47 1.55 1.37 
No 1.06 1.01 1.04 0.97 1.61 1.20 1.12 

Hypertension 
Yes 1.25 0.93 1.12 1.27 1.47 1.33 1.23 
No 0.74 1.01 0.86 1.05 1.95 1.37 1.09 

Diabetes 
Yes 1.40 1.24 1.33 1.51 1.27 1.46 1.39 
No 0.88 0.58 0.77 0.93 1.67 1.24 1.03 

Total 1.14 0.95 1.06 1.23 1.56 1.34 1.20 
 

4.2.2. Dietary Consumption, by Food Category 

We also compared data from NHANES 2005–2006 with that from our 

participants at food category level (Table 16). Our participants showed lower 

consumption frequency in subcategories of snacks: savory snacks (0.43 times per day vs. 

0.27 times per day; p < 0.001), snack/meal bars (0.07 times per day vs. 0.05 times per day; 

p = 0.028), candy (0.38 times per day vs. 0.28 times per day; p = 0.001). This trend also 

was shown in mixed dishes (0.70 times per day vs. 0.45 times per day; p < 0.001) 

including Mexican dishes (0.13 times per day vs. 0.03 times per day; p < 0.001), Italian 

dishes (0.25 times per day vs. 0.16 times per day; p < 0.001) and pizza (0.09 times per day 

vs. 0.05 times per day; p = 0.001). Average consumption frequency of nonalcoholic 

beverages (4.78 times per day vs. 3.61 times per day; p < 0.001) such as milk (0.74 times 

per day vs. 0.24 times per day; p < 0.001) and sugar-sweetened beverages (2.87 times per 

day vs. 2.03 times per day; p < 0.001). For alcoholic beverages, our participants also 
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tended to consume at a lower frequency in comparison with national data (0.63 times 

per day vs. 0.14 times per day; p < 0.001). 

Table 16: Food Category Average Consumption Frequency Comparison 

Categories 
NHANES 
2005-2006 

(times per day) 

Participants 
(N = 227) 

(times per day) 
p-value 95% CI 

Snacks 1.93 1.64 0.1135 (1.27,2.00) 
Savory snacks 0.43 0.27 <0.001* (0.22,0.33) 
Crackers 0.29 0.28 0.795 (0.21,0.34) 
Snack/meal bars 0.07 0.05 0.028* (0.02,0.07) 
Sweet bakery 

Products 
0.65 0.66 0.901 (0.49,0.83) 

Candy 0.38 0.28 0.001* (0.22,0.34) 
Other desserts 0.13 0.10 0.144 (0.06,0.14) 

Mixed Dishes 0.70 0.45 <0.001* (0.33,0.56) 
Asian 0.04 0.04 0.827 (0.02,0.06) 
Mexican 0.13 0.03 <0.001* (0.02,0.04) 
Italian 0.25 0.16 <0.001* (0.12,0.19) 
Pizza 0.09 0.05 <0.001* (0.03,0.07) 
Burgers 0.19 0.17 0.477 (0.13,0.21) 

Nonalcoholic Beverage 4.78 3.61 <0.001* (3.20,4.02) 
Milk 0.74 0.24 <0.001* (0.17,0.31) 
Sugar Sweetened 2.87 2.03 <0.001* (1.70,2.37) 
Coffee and Tea 

without sugar 1.21 1.21 0.994 (1.01,1.41) 

Alcoholic Beverage 0.63 0.14 <0.001* (1.70,2.37) 
 

Snacks 

Average consumption for all participants was 1.64 times per day. Race (1.63 

times daily vs. 1.64 times daily; p = 0.970), gender (1.36 times daily vs. 2.12 times daily; p 

= 0.125) and chronic disease status (1.67 times daily vs. 1.43 times daily; p = 0.403) did 

not have a significant effect on consumption frequency of snacks.  
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Figure 7: Average Consumption Frequency of Snacks by Race 

Sweet bakery products were the most popular subcategory with an average 

consumption frequency of 0.65 times per day for all participants (Figure 7). Average 

consumption frequency of snack/meal bars was smallest, only 0.05 times per day. Race 

presented no significant difference in consumption savory snacks (0.31 times per day vs. 

0.24 times per day; p = 0.259), crackers (0.28 times per day vs. 0.28 times per day; p = 

0.985), snack/meal bars (0.04 times per day vs. 0.05 times per day; p = 0.743), sweet 

bakery products (0.67 times per day vs. 0.65 times per day; p = 0.900), candy (0.26 times 

per day vs. 0.30 times per day; p = 0.563), and other desserts (0.10 times per day vs. 0.10 

times per day; p = 0.837).   
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Average consumption frequency of all mixed dishes was 0.45 times per day, 

which did not differ significantly by race, gender, or chronic disease status. Figure 8 

shows the frequency of consumption by subcategory.  

 

Figure 8: Average Consumption Frequency of Mixed Dishes 

Average frequency for each subcategory was significantly different (p < 0.01), 

while average consumption frequency of Italian dishes (0.16 times per day) and burgers 

(0.17 times per day) was similar (p= 0.591). Consumption of Mexican dishes (0.03 times 

per day) and pizza (0.09 times per day) did not differ significantly (p > 0.05).  Chronic 

disease and race did not present a significant difference in each subcategory (p > 0.05).  
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significant difference by race (3.57 times per day for Lumbee vs. 3.65 times per day for 

non-Lumbee individuals; p = 0.861), gender (3.44 times per day for female vs. 3.90 times 
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per day for male; p = 0.285) and chronic disease status (3.51 times per day for 

participants reporting chronic disease vs. 4.26 times per day for others; p = 0.206).  

 

 

Figure 9: Average Consumption Frequency of Beverages by Race 

Sugar-sweetened beverages was the most popular subcategory, of which average 

consumption frequency was 2.03 times per day (Figure 9). Both Lumbee (0.24 times per 

day) and non-Lumbee (0.23 times per day) participants consumed milk at a significantly 

lower frequency than beverages in other sub-categories (p < 0.05).  However, unlike 

other groups of participants, non-Lumbee individuals who did not have chronic disease 

showed a significant preference for coffee or tea without sugar (2.36 times per day) over 

sugar-sweetened beverages (1.77 times per day) for which the p-value was 0.037. 

Besides, this group (0.70 times per day) also consumed milk more frequently than 

Lumbee who did not have a chronic disease (0.16 times per day), with a p-value of 0.05. 
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Alcoholic Beverages 

Most of our participants did not drink alcohol, and the proportion of Lumbee 

alcohol consumers (n = 35; 30.4%) was similar to that of non-Lumbee participants (n = 35; 

31.2%; p > 0.05). 

 

Figure 10: Alcohol Consumption of Lumbee and Non-Lumbee Participants 

We also analyzed the frequency of alcohol consumption among alcohol 

consumers, with results were shown below. 88.6% of Lumbee consumed alcohol 0.1 to 

0.3 times per day, while only 62.8% of non-Lumbee consumed alcohol at this frequency 

(p = 0.036).  

Table 17: Frequency of Alcohol Consumption 

Frequency of Alcohol 
Lumbee 
(n=35) 

Non-Lumbee 
(n=35) 

P-
value* 

0.1–0.3 times per day 32 (88.6%) 23 (62.8%) 

0.03633 
0.3–0.5 times per day 1 (5.7%) 5 (17.1%) 
0.5–1 times per day 0 (0.0%) 4 (11.4%) 
1–2 times per day 2 (5.7%) 3 (8.6%) 

*p-value was calculated by Fisher’s exact test with a significance level of 0.05 
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4.3. Dietary Preparation Behavior 

The person who prepared meals for our participants was more likely to be 

female (n = 185; 84.09%). Females also went grocery shopping for our participants in 

most cases (n = 168; 76.36%).  

Table 18: Gender of Person Preparing Food 

  Meals Grocery 

Female 185 (84.09%) 168 (76.36%) 

Male 35 (15.91%) 54 (24.55%) 

Missing 8 (3.52%) 6 (2.64%) 

Total 228(100.00%) 228(100.00%) 

 

4.4. Knowledge Level of Hypertension  

Average proportion of respondents correctly answering HKQ was 72.89%, while 

the highest correct rate for all states was 98.88% (“People with high blood pressure should 

take their medicine every day(True)”) and lowest correct rate was 13.33% (“When someone’s 

blood pressure is too high, they usually feel dizzy(False)”).  

As for food-related statements, the average accuracy rate was 78.58%. 

Participants could identify some food as high in salt correctly regarding foods such as 

hot dogs (95.6%) and potato chips (98.3%). However, the proportions of correct 

responses for pickles (57.8%) and crackers (52.2%) were relatively low. 
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Table 19: The Accuracy of Hypertension Knowledge Questionnaire 

Statements Correct Wrong Do not know 

Blood pressure of 130/80 is normal. (T) 126 (70.00%) 39 (21.67%) 15 (8.33%) 

Blood pressure of 160/100 is high. (T) 162 (90.00%) 6 (3.33%) 12 (6.67%) 
Once someone has high blood pressure, it usually 
lasts for the rest of their life. (T) 75 (41.67%) 80 (44.44%) 25 (13.89%) 

Exercising every day may make blood pressure go 
down. (T) 158 (87.78%) 16 (8.89%) 6 (3.33%) 

Losing weight usually makes blood pressure go 
down. (T) 166 (92.22%) 7 (3.89%) 7 (3.89%) 

Drinking more than one glass a day of wine, one can 
a day of beer, or one shot a day of hard liquor usually 
makes blood pressure go up. (T) 

104 (57.78%) 23 (12.78%) 53 (29.44%) 

People with high blood pressure should take their 
medicine every day. (T) 177 (98.33%) 1 (0.56%) 2 (1.11%) 

When someone’s blood pressure is too high, they 
usually have a headache. (F) 25 (13.89%) 132 (73.33%) 23 (12.78%) 

When someone’s blood pressure is too high, they 
usually feel dizzy. (F) 

24 (13.33%) 138 (76.67%) 18 (10.00%) 

When someone’s blood pressure is too high, they 
usually feel fine and do not know that it is high. (T) 

100 (55.87%) 65 (36.31%) 14 (7.82%) 

High blood pressure can cause heart attacks. (T) 173 (96.11%) 3 (1.67%) 4 (2.22%) 

High blood pressure can cause cancer. (F) 108 (60.00%) 22 (12.22%) 50 (27.78%) 

High blood pressure can cause strokes. (T) 176 (98.88%) 1 (0.56%) 1 (0.56%) 

High blood pressure can cause kidney problems. (T) 148 (82.22%) 8 (4.44%) 24 (13.33%) 

Hot dogs are high in salt. (T) 172 (95.56%) 2 (1.11%) 6 (3.33%) 

Orange juice is high in salt. (F) 91 (50.56%) 40 (22.22%) 49 (27.22%) 

Canned vegetables are high in salt. (T) 165 (91.67%) 9 (5.00%) 6 (3.33%) 

Bananas are high in salt. (F) 139 (77.22%) 13 (7.22%) 28 (15.56%) 

Lunch meat is high in salt. (T) 171 (95.00%) 4 (2.22%) 5 (2.78%) 

Cheese is high in salt. (T) 112 (62.22%) 45 (25.00%) 23 (12.78%) 

Potato chips are high in salt. (T) 177 (98.33%) 1 (0.56%) 2 (1.11%) 

Bacon is high in salt. (T) 168 (93.33%) 10 (5.56%) 2 (1.11%) 

Pickles are high in salt. (T) 104 (57.78%) 47 (26.11%) 29 (16.11%) 
Crackers such as Wheat Thins and Triscuits are high 
in salt. (T) 

94 (52.22%) 49 (27.22%) 37 (20.56%) 

Canned soup is high in salt. (T) 162 (90.50%) 10 (5.59%) 7 (3.91%) 

Total 3277 (72.89%) 771 (17.15%) 448 (9.96%) 
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Our participants could determine 14.4 questions correctly in average, and most 

people (64.97%) could correctly identify 16 to 19 statements. However, fewer than 10% 

could obtain more than 15 points in total. There was no significant difference in the 

distribution of grades over education level (p = 0.473). 

Table 20: Results of Hypertension Knowledge Level by Education Level 

Correct 
Statements 

Primary High School University Total 

<15 6 (17.14%) 8 (6.67%) 1 (4.55%) 15 (8.47%) 
16~19 15 (42.86%) 53 (44.17%) 9 (40.91%) 77 (43.50%) 
20~23 14 (40.00%) 54 (45.00%) 12 (54.55%) 80 (45.20%) 
23~25 0 (0.00%) 5 (4.17%) 0 (0.00%) 5 (2.82%) 
Total 35(100.00%) 120(100.00%) 22(100.00%) 177(100.00%) 

 

 

 

 

 

 



 

39 

5. Discussion 

5.1. Key findings 

Key findings 1:  Lumbee and non-Lumbee participants generally had a similar 

pattern of diet at both the food group level and the food category level, which was 

characteristic of low frequency in vegetables, fruits, and dairy.  

Lumbee Indians in Robeson County shared a similar dietary pattern with non-

Lumbee peers, and their consumption frequency was relatively low compared with 

national data. They had lower consumption frequency for fruits, vegetables, and dairy. 

We also observed this trend at the food category level in that their consumption of 

mixed dishes was significantly lower in comparison with data from NHANES 2005–

2006.  

The inadequate intake of fruits and vegetables was a common issue for AIs as 

reported in several works of literature.28–32  The traditional dietary pattern of Lumbee, 

preserved across years, developed into a cultural norm. According to Malinda Maynor 

Lowery, Lumbee means “a full stomach, greasy fingers, and smiling conversation with 

family, friends, and neighbors.”34 Gloria Gates also believes that the traditional Lumbee 

meals include something greasy and some cornbread, which is the symbol of a standard 

Lumbee menu.35 These statements convey Lumbee attitudes regarding foods. The role of 

food for the Lumbee Indians is not just something they eat to maintain their lives but 

also a symbol of their culture that defines who they are, especially when they are 
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“looking, acting, and talking so much like other southern.”11 Thus, they make foods 

according to Lumbee tradition and have built their conception of food from their tribe 

over generations. Even for Lumbee who have left Robeson County, traditional Lumbee 

food is a taste of home. As a Lumbee living in Baltimore, James Bowen still cooks 

“chicken 'n pastry,” a staple of Lumbee cuisine, and always uses sweet potatoes from 

Lumberton to make the pies and sweet potato bread sold at their bakery shop in 

Baltimore.36 Their traditional dietary pattern might account for their preference for 

protein food when compared to fruits and vegetables. 

Key findings 2:  A difference in consumption frequency of food groups and 

categories was also observed, especially by gender. 

We observed a difference in gender in the consumption frequency of some food 

groups and categories, as the results section mentions. Generally, men consumed grain, 

dairy, protein, oil and fat, and sugar products more frequently than females, while 

females tended to consume fruits and vegetables more frequently than males. One 

possible reason might be a gendered difference in social role.  

Lumbee recognized themselves as a combination of “Indians, southerners, and 

Americans”, and their opinions on gender were under the effect of southern culture.11 

According to a study conducted in 1995, southerners hold significantly more traditional 

view than non-Southerners on many of the gender role questions such as the desirability 

of women working outside the home.37 Southerners were more likely to hold the view 
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that it is women’s duty to take care of housework and feed the family. A similar 

tendency was observed in our study that most of our participants claimed that females 

prepared their meals and did grocery shopping for them. The role was not limited to 

their mothers but also their sisters and daughters. This disproportionate division on 

food work was built on unspoken gendered assumptions that women have the natural 

imperative to cook for their family,38 which was considered as a way to position 

themselves in their family and culture. 

Feeding the family requires “care, connection, and sensitivity to the needs of 

loved ones”.39 Women in Robeson County have more motivation and sources of 

information about diet because they are in charge of preparing meals and are more 

likely to realize the importance of vegetable and fruit intake. They have to prepare food 

that would satisfy their family members, which demands effective communication and 

understanding. Oxendine also discussed the role of Lumbee women in the 

communication of nutrition information and claimed that women were likely to 

communicate nutrition information that improves their eating patterns.40  Lumbee 

women place significant value on family and the local church; thus, their nutritional 

habits could significantly affect those of their families, coworkers, and communities40.  

Key findings 3:  Some food consumption patterns did not meet US dietary 

recommendations. 
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According to our results, our participants did not meet US dietary suggestions 

regarding frequency and variety of consumption. The 2015–2020 Dietary Guidelines for 

Americans recommend that half or more of total grain should be whole grain.41 

However, most of our participants did not meet this suggestion. Whole grain foods are 

made from the entire kernel, including germ, bran, and endosperm, while refined grains 

are milled, which removes the germ and bran. Whole grains are a source of nutrients 

such as dietary fiber, which protects against cancer, diabetes, and obesity.42 Given the 

disparity of health outcomes in Robeson County, consuming more whole grains might 

help address this issue. 

Moreover, consuming sugar-sweetened beverages also need attention. Among all 

beverages, including alcoholic beverages, sugar-sweetened beverages (SSB) were 

consumed at the highest frequency among beverage subcategories. Several studies 

reported that high SSB consumption was associated with increased body weight and 

risk of obesity.43–45 According to Rosinger et al. (2017), 49% of adults in the US drank a 

sugar-sweetened beverage on a given day from 2011–2014.46 However, that index for our 

participants was 63.9%. This high consumption frequency of SSB did not meet the 

recommendation for Americans and might be associated with a high prevalence of 

obesity in Robeson County.  

The 2015–2020 Dietary Guidelines for Americans also suggest consuming a 

variety of vegetables and proteins, requiring “a variety of vegetables from all of the 
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subgroup” and “a variety of protein foods.”41 However, our participants showed a 

tendency to consume fewer dark green vegetables. We also observed a disparity in 

protein sources: Red meat consumption was far more frequent than that of poultry, 

eggs, plant-based proteins, and seafood. A variety of vegetables has been shown to be 

associated with a lower prevalence of coronary heart disease (CHD).47,48 One study also 

reported that high red meat intake was associated with a higher increases risk of CHD, 

which can be significantly reduced if red meat is replaced with other protein products.49 

Thus, increasing the variety of vegetables and protein sources might help improve 

health outcomes, especially in CHD. 

5.2. Implications for Policy  

The Lumbee have their unique history and culture. Thus, the policy that is 

involved in culture might be an efficient way to spread knowledge and change their 

consumption patterns. Malinda Maynor Lowery stated she believes that it is music and 

food that makes them “real Indians.”11 Thus, requiring the Lumbee to change their 

dietary habits entirely would be difficult. However, there is more than one way to 

achieve healthy habits; they can be tailored to Lumbee culture. One chance of improving 

the dietary life is to provide healthier food at cultural events, and the most famous event 

in Robeson is the Lumbee Homecoming, held in Pembroke.  

 Lumbee Homecoming has played a significant role in Lumbee’s renaissance of 

pride and tribal identity renewal across their communities. For a whole week, Lumbee 
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families around the Robeson County community gather, laughing and eating. The most 

popular food at this time is the collard sandwiches, a Robeson County tradition, which 

are sold everywhere. They also offer fried chicken and hot dogs as well as soft drinks. 

What they have eaten at this cultural event expresses a sense that they are their culture’s 

symbol. Thus, it could be an opportunity to educate people and implement targeted 

interventions. Government and tribal organizations could ask vending to provide fresh 

fruits, vegetables, and water to increase the availability of healthier food. Recipes for 

traditional foods such as collard sandwiches could be improved by using a healthier 

ingredient such as oil instead of solid fat.   

Policymakers should also recognize current dietary patterns and carry out 

policies that can adjust the consumption of different foods. A high frequency of SSB 

consumption in our results should catch the attention of policymakers. Consumption of 

SSB is associated with several adverse health outcomes such as heart disease and type 2 

diabetes. Given the adverse effects of high-frequency intake of SSB, effective programs 

or policies are urgently needed to limit consumption of SBS in Robeson County to 

address the health disparities. Some actions have been taken at other sites. Seven 

municipal or county jurisdictions have adopted taxes on SBS since 2014,50 but it has not 

yet been enacted at the state or federal level in the United States. Mexico also 

implemented a tax of 1 peso per liter on SSB and an 8% tax on nonessential food 

products, which was also known as the junk food tax.51 The results turned out to be 
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effective, decreasing SSB purchase by an average of 6% in 2014 compared with 

expectation without tax.51 The decrease was observed in all three levels 

(low/middle/high) of socioeconomic status, while the most considerable impact 

happened in households of low and middle socioeconomic status.51 Most of the Lumbee 

Indians in the area are poor and live in a rural area, classifying in the low and middle 

socioeconomic group. Thus, a tax on SSB should have a practical impact on limiting SSB 

consumption.  

Food marketing policies should be addressed as well. Given the limited 

knowledge level for our participants, we could use food packing restrictions or 

supermarket signs to educate people without putting burdens on consumers’ time and 

money. It can help to increase and decrease specific food consumption by showing 

related facts and knowledge to consumers. Some restrictions have been carried out by 

the Food and Drug Administration(FDA), including the regulation requiring 

manufacturers to list trans fats on the Nutrition Facts panel of foods and some dietary 

supplements.52 Besides, Walmart, the largest food retailer in the United States, also 

developed the “Great For You” icon in packaging and signage to help customers 

identify food options that are better for them. 53,54 Products with this sign were 

considered as meeting the nutrition criteria established by the FDA, the U.S. Department 

of Agriculture and the Institute of Medicine.53,54 By using this program, Walmart aimed 

at encouraging people to eat more “fruits, vegetables, fiber-rich whole grains, low-fat 
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dairy, nuts and seeds and lean meats” and limiting their consumption on “total trans 

and saturated fats, sodium and added sugars”.54 However, lots of people were still not 

aware of the meaning behind professional terms. Instead of just indicating words like 

“whole-grain” or how much trans-unsaturated fatty acids food contains, packing and 

signs should indicate the advantages or disadvantages of consuming this food.  

5.3. Study Strengths and Limitations 

We recorded diet consumption patterns using the NHANES FFQ and by asking 

about the frequency of having each food item in the past 12 months. Although the FFQ 

reduced the difficulty of collecting data, we could not obtain information about portion 

sizes. Even for the same frequency of consumption for two foods in the same food 

group, the intake of these foods could be vastly different as well as their nutritional 

value. To know how much protein, carbohydrates, calories, and other nutrition 

components participants obtain from their meals, we may need to conduct 24-hour 

monitoring for future research to record size and portion in detail.    

Another limitation is the kinds of food listed in the food frequency questionnaire. 

Although it contained many common foods, our participants advised that we should 

also include the traditional foods for this specific group. It was noteworthy that a 

considerable amount of Lumbee had a preference for something they “used to eat.” The 

frequency of having their traditional dish would also help us understand their diet life 

and make effective policies. 
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6. Conclusion 

Our descriptive study explored dietary patterns in Robeson County, NC, at two 

levels: food groups and food categories. Lumbee Indians in Robeson County shared a 

similar dietary pattern with non-Lumbee peers in the local area, and their consumption 

frequency was relatively low compared with national data, especially in fruits and 

vegetables. It was noteworthy that gender was frequently associated with food 

consumption in some cases, indicating that females consumed fruits and vegetables 

more frequently than males. Local people had some level of knowledge about 

hypertension, but they still need more education on its symptoms and related foods.  
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Appendix A Hypertension Knowledge Questionnaire 

1. Blood pressure of 130/80 is normal. (T) 

2. Blood pressure of 160/100 is high. (T) 

3. Once someone has high blood pressure, it usually lasts for the rest of their life. (T) 

4. Exercising every day may make blood pressure go down. (T) 

5. Losing weight usually makes blood pressure go down. (T) 

6. Drinking more than one glass a day of wine, one can a day of beer, or one shot a 

day of hard liquor usually makes blood pressure go up. (T) 

7. People with high blood pressure should take their medicine every day. (T) 

8. When someone’s blood pressure is too high, they usually have a headache(F). 

9. When someone’s blood pressure is too high, they usually feel dizzy(F). 

10. When someone’s blood pressure is too high, they usually feel fine and do not 

know that it is high. (T) 

11. High blood pressure can cause heart attacks. (T) 

12. High blood pressure can cause cancer(F). 

13. High blood pressure can cause strokes. (T) 

14. High blood pressure can cause kidney problems. (T) 

15. Hot dogs are high in salt. (T) 

16. Orange juice is high in salt. (F) 

17. Canned vegetables are high in salt. (T) 

18. Bananas are high in salt. (F) 

19. Lunch meat is high in salt. (T) 

20. Cheese is high in salt. (T) 

21. Potato chips are high in salt. (T) 

22. Bacon is high in salt. (T) 

23. Pickles are high in salt. (T) 

24. Crackers such as Wheat Thins and Triscuits are high in salt. (T) 

25. Canned soup is high in salt. (T) 
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Appendix B What We Eat in America Food Categories 
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