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Abstract

:

Medical (healthcare) deserts and food deserts, either separate or combined, exist in rural areas, globally. The physicians and other healthcare professionals who serve rural and other underserved populations, to some extent, also experience life in these areas. Dietary guidelines, from expert societies, for people with diabetes, have been helpful in guiding healthcare professionals through nutritional interventions. However, these guidelines are not designed for rural areas where healthcare resources are scarce, and access to the built environment for a healthy lifestyle and affordable healthy foods are not available. Therefore, the guidelines were reviewed, with rural physicians and healthcare professionals who work in underserved areas in mind, to assess their appropriateness. Based on the guidelines and other literature, potential solutions to guideline gaps are proposed to aid in providing nutritional therapy for the underserved. The overall goals are to improve the nutritional component of healthcare for underserved people with diabetes, and to begin the conversation around creating specific guidelines for rural physicians and other healthcare professionals, where patients are at a higher risk for diabetes.
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1. Introduction


Nonmetropolitan is limited, compared to a urban areas (metropolitan). However, rural patients may also present unique challenges that are not addressed in current dietary guidelines for people with diabetes. To put this in perspective, consider the following case.



A 64-year-old male presents to a rural, west Texas family medicine clinic for a follow-up for chronic conditions. This patient was last seen by another physician in 2019. The patient reports no acute exacerbations of chronic conditions. The patient’s pertinent medical history includes hyperlipidemia, essential hypertension, Type 2 diabetes mellitus with peripheral circulatory complications, and is obese (per BMI). Physical exam reveals an alert and oriented male that appears older than the stated age. No significant findings are obtained upon a cardiac and pulmonary exam. Abdominal exam reveals a protuberant abdomen without guarding or tenderness to palpation. The patient’s social history reveals the patient is away for several weeks at a time to lead cattle drives. This occupation has led to many traumatic incidents for which he received medical attention but have not led to significant morbidity. The patient states his diet is varied and is limited by his access to fresh, nutrient-dense foods. The patient reports that when he is home, he purchases his food from the gas station or dollar store. He reports that his home, a mobile trailer, does not have electricity and he is unable to keep food cool during the summer months. The patient is not insured and is hesitant to pick up prescribed medications from the local pharmacy. The patient received standard counseling for weight management and lifestyle changes. In addition, the patient was provided a sample of a continuous glucose monitor, to help watch blood glucose levels, and was counseled on the adverse effects of hyperglycemic states. The patient also received a sample of metformin hydrochloride 500 mg and was instructed to pick up other prescriptions from the pharmacy and to complete blood work.



Although the definition of rural is not universal [1], in the US, more people are diagnosed with diabetes in rural compared to urban counties. Of note is that more than one-third of these non-metropolitan counties reside within the southeastern region, sometimes referred to as the diabetes belt. Furthermore, the majority of nonmetropolitan counties do not have a diabetes self-management education and support (DSMES) program [2]. Therefore, diabetes is an increased concern for rural communities because of the limited access to resources that promote a healthy life [3]. This is not a new or novel finding; people in rural communities have had the same main concerns regarding healthcare as they did a decade ago [4], suggesting few positive changes have occurred. In addition, the need for more rural physicians has been known for at least two decades [5]. Moreover, dollar stores are becoming the go-to store for many rural Americans, which may be increasing their exposure to ultraprocessed food [6]. It is important to note that rural health disparities are a global issue—they are not limited to the U.S., e.g., [7,8]. There is a wealth of data related to rural–urban disparities in cardiovascular disease, mortality, and health literacy already available, e.g., [9,10,11,12], and it seems that access to specialty healthcare is an issue for both urban and rural inhabitants [13]. However, a review of this literature, while interesting and important, is beyond the scope of this paper.



The American Diabetes Association (ADA) nutritional guidelines (for people with prediabetes and diabetes) are updated regularly. These guidelines are an invaluable resource for healthcare professionals. The most positive change in recent years has been the addition of lower-carbohydrate diet options, to help control glycemia [14]. The ADA are aware of the limitation of rural areas and suggest telemedicine as a possible solution to increase healthcare access for rural populations, with a focus on DSMES and utilizing community health workers under the supervision of a physician [15]. Based on the data in these guidelines, there is no doubt that nutrition therapy for diabetes improves outcomes. This review is not a critique of the ADA, or otherguidelines; it points to gaps in nutritional guidelines for diabetes globally for underserved areas. It is important to note that other dietary guidelines for diabetes are similar, e.g., [16,17] and others have provided practical tips based on nutritional guidelines [18]. Nevertheless, a significant gap (chasm) exists in the literature related to the management of diabetes in rural areas. Therefore, the goal of this review is to create awareness of the issue where rural physicians and other rural healthcare professionals may find it difficult to apply the current dietary guidelines in their practice, and alternative strategies are necessary.




2. Nutritional Guidelines under a Rural Lens


Implementing evidence-based dietary guidelines, from expert societies, for people with diabetes, requires numerous, specific resources and an appropriate built environment. In medical (healthcare) deserts [19], this is challenging due the low number of healthcare resources, including personnel (e.g., dietitians, certified diabetes educators, and physicians) and lack of built environments (e.g., hospitals, gyms, and walking parks) [20]. Moreover, many rural areas are also food deserts (where there is limited access to fresh foods due to the lack of grocery stores or their high cost and socioeconomic status [21,22]). Furthermore, intensive lifestyle interventions, such as those based on the Look AHEAD trial [23], known to be effective at reducing weight, require a multitude of resources and are not feasible in medical and food deserts. The lack of accessibility to fresh foods and other health disparities play a prominent role in how well patients can manage their diabetes. Additionally, foods that contribute to type 2 diabetes are much more affordable and available in food deserts as compared to fresh foods [6,21]. This makes it difficult to implement a healthy diet based on guidelines and poses a significant challenge for the rural physician. All this evidence suggests that alternative strategies are required for rural physicians at the frontier of healthcare. Therefore, Table 1 highlights the potential issues with the implementation of current nutritional guidelines for diabetes in rural/underserved areas, with a focus on rural physicians in the United States. This table presents the ADA consensus recommendations in the left column, the resources needed in the middle column, and potential implications for the rural physician in the right column.



Telemedicine is a good adjunct to conventional healthcare; however, it may be cost-prohibitive for rural physicians [32]. Telemedicine also requires a built environment that supports high-speed internet for patients and physicians, access to smart technology, end-to-end encryption services to maintain secure health data, and possibly large capital investment from the rural physician, as well as staff training and maintenance fees. A common and justified recommendation is that people with diabetes should see a dietitian for Medical Nutrition Therapy (MNT); however, dietitians are either not locally available or may be cost-prohibitive (with a lack of health insurance, or low socioeconomic status). This is complicated by the fact that reimbursement for MNT from Medicare possibly requires it to be performed by a dietitian, per the legal definition of MNT [14]. Creating some form of reimbursement for rural healthcare professionals who provide nutritional support may help the current situation. Another advantage for urban area is the availability, or potential for the creation of, DSMES and Diabetes Prevention Program (DPP) services for people with diabetes. These would include some form of intensive lifestyle intervention for weight loss. These services are well suited to an area with multidisciplinary healthcare teams available, and the capital and human resources needed to develop and maintain these services.



Dietary assessment is a necessary part of MNT; however, the most important resource required is time. All types of dietary assessment (see review in [27]) require specialized software (e.g., Food Processor (ESHA, Salem, OR, USA), MyFood 24 (Nexus, Leeds, UK), and Power Diary (Salt Lake City, UT, USA). All these can perform dietary assessments fully online, where the patient would complete a food diary via an app, and the software would directly provide the results to the physician. Food Processor can have data manually inputted from 24 h recall, or food diaries. Overall, dietary assessment tools are relatively inexpensive; however, time is required to interpret the results and create meal plans or other dietary interventions. With all this in mind, the following sections will provide some preliminary resources for rural physicians to aid in, or begin, nutritional interventions.




3. Dietary Intakes of People with Diabetes


Before providing some practical nutritional considerations for people with diabetes, it is best to have some idea of what they are consuming. The National Health and Nutrition Examination Survey (NHANES) has dietary intake estimates, based on 24 h dietary recall, for people with diabetes. The limitations and strengths of dietary recall are widely publicized [33,34]; however, NHANES data are used to develop the Dietary Guidelines for Americans. While these are estimates based off one day’s food intake, and are mostly based on an urban population, they could act as a reference point for people in rural areas. Overall, people with diabetes were observed as not achieving a good diet quality score (based on the United States Department of Agriculture’s Healthy Eating Index (HEI) score. In addition, compared to individuals without diabetes, people with prediabetes or diabetes, seem to have lower caloric (up to 264 kcal), protein, carbohydrate and fat intakes, of up to approximately 264 kcal. Furthermore, dinner was the largest meal and contained the highest amount of carbohydrate, while snacks contained the most added sugars [35]. For people with diabetes, mean intakes of thiamin, niacin, vitamin B6, vitamin C, magnesium, and potassium were significantly lower compared to those in people without diabetes [36]. Snacks contributed approximately 20% of the daily energy intake for people with prediabetes or diabetes, which was significantly less than that for those without diabetes [33]. People with diabetes who skipped breakfast compensated with snacks, and actually consumed more energy, carbohydrate, and added sugars from snacks compared to those who ate breakfast [37]. Interestingly, the people with prediabetes or diabetes who consumed less than the recommended intake of protein (0.8 g/kg/d; the Recommended Dietary Allowance (RDA)) had a lower HEI, consumed more carbohydrate, and were insufficient for numerous micronutrients, compared to those who consumed, or exceeded, the recommended intake of protein [34]. On a more general level, those with more chronic conditions, including prediabetes and diabetes (overweight or obesity (body mass index > 25 kg/m2), hyperglycemia (HbA1c > 5.7%), hypercholesterolemia (>200 mg/dL), and high blood pressure (>120/80 mm Hg), had a significantly lower diet quality compared to those with one chronic condition [38]. These data suggest that improving diet quality, maintaining the recommended intake of protein, and reducing snacking may be three strategies that can be targeted by the rural physician.




4. Initiating Nutritional Therapy in Rural Environments


4.1. Estimating Energy Intake


Estimating energy intake is most important when the objective is weight loss. New estimated energy requirement (EER) equations from the National Academies of Sciences, Engineering, and Medicine are available [39]; they are based on age, sex, physical activity level, and pregnancy/lactation. EER equations can be incorporated into digital records and can be calculated in the physician’s office. The ADA guidelines recommend a target weight loss of 5% to achieve a clinical benefit, with optimal benefits seen with 15% weight loss for patients with diabetes. For people with prediabetes, weight loss should be 7–10% of the body weight to help slow the progression to diabetes [14]. Body weight optimization is fundamental to diabetes management. The ‘3500 kcal rule’ is the typical method utilized to reduce body weight. It assumes 3500 kcal = 1 lb (0.454 kg) of body weight, so a deficit of 3500 kcal over one week (500 kcal/d) should result in a loss of 1 lb of body weight. The 3500 kcal rule has its limitations [40,41] because weight loss is not linear, and it probably overestimates the rate of weight loss due to the complex physiological and metabolic factors associated with energy homeostasis. Nevertheless, it does provide a starting point to help facilitate weight loss and requires close monitoring.



An alternative solution is to utilize the MyPlate Plan [42] to estimate energy requirements, which can be easily performed during an office visit, with the aid of office staff. The patient could also complete this at home. This will provide two energy levels: (1) to help achieve a healthy weight and, (2) to maintain body weight. It must be noted that these numbers are estimates and will need to be modified over time, based on the rate of weight gain or loss, and patient perceptions. The key point is that weight management is a journey that requires considerable commitment from both the physician and the patient. Overall, free tools are available to support the rural physician in determining EER for patients, and these tools can also be utilized by patients; all that is required is access to the internet. If rural patients do not have internet access, the EER equations can easily be incorporated into the patient encounter.



Before leaving the topic of energy intake, malnutrition must be addressed. For older adults, malnutrition (undernutrition) is more prevalent in rural areas [43], which can complicate nutritional therapy. Malnutrition can easily be screened for and assessed using various tools. Nutritional assessment is more involved and leads to a medical diagnosis of malnutrition. It is more common to utilize malnutrition screening and assessment in hospitals and long-term care facilities; however, for the rural physician, regular malnutrition screening could improve patient health outcomes. Malnutrition can have profound effects on homeostasis, organ function, and mood [44]. Screening for malnutrition is rapid, inexpensive and is predominately based on recent unintentional weight loss. Two options for screening are the Malnutrition Universal Screening Tool (MUST) for adults, and the Malnutrition Screening Tool (MST). These instruments are readily available online and consist of three questions each. Answers to these questions are scored, determining if the individual is at risk of malnutrition or not. Those at risk should be then assessed to make a medical diagnosis. Assessments can be subjective and require practice. The two widely utilized recommended instruments for assessment are the Mini Nutrition Assessment® (MNA; Nestlé Nutrition Institute) and the Subjective Global Assessment (SGA). The MNA has more questions compared to the SGA (18 versus 7); however, both should take less than 15 min to complete. These are readily available online and can be utilized in rural settings.




4.2. Macronutrient Distribution


While “there is no ideal macronutrient pattern for people with diabetes” [45], NHANES data show that people with prediabetes and diabetes have approximately the same macronutrient distribution as that of people with a healthy A1C; 15% of total energy is from protein, 50% of total energy is from carbohydrates; and 35% of total energy is from fat (12% is from saturated fat) [35]. This distribution pattern is relatively close to the U.S. Acceptable Macronutrient Distribution Ranges (AMDR) [46]. Although AMDRs are technically designed for healthy people, they provide a useful frame of reference (for the most part, most patients, with or without diabetes, will be within the AMDR). Some expert bodies have determined evidence-based macronutrient distribution ranges for people with diabetes. The Asociación Latinoamericana de Diabetes (ALAD; Latin American Diabetes Association) brought together medical associations from 17 countries to produce a consensus statement regarding the treatment of type 2 diabetes [47]. The Diabetes and Nutrition Study Group of the European Association for the Study of Diabetes also published macronutrient distribution ranges for diabetes [48], although they are from 2004, as well as guidelines for Asian Indians [49]. Any of these ranges are acceptable targets, as all ultimately fit into the AMDR. However, the larger question is if assessing and modifying macronutrient distribution is worth the resources and effort it requires for the rural physician, unless the patient is appropriate for a low- or very-low-carbohydrate diet. People with diabetes are recommended to use the diabetes plate (one half of the plate should be non-starchy vegetables, one quarter should be whole grains, and one quarter should be protein [50]; see Figure 1). Non starchy vegetables will reduce postprandial spikes, which contribute to A1C [51]; this is why they should make up the majority of the plate. In fact, three quarters of the plate will help increase fiber intake. However, the reality of food deserts is the availability of the foods for this plan.




4.3. Protein and Fat


When considering protein for rural patients, achieving the RDA could be the minimum goal [34]. Per ADA guidelines [14], lean fresh meats (the fat in red meat is high in stearic acid, an 18-carbon saturated fatty acid, which is associated with cardiovascular disease [52]), and a mixture of protein sources—plants and animal proteins are recommended. Soy protein and animal proteins, including dairy, seafood and eggs, are all of high biological value. Eggs may be more readily available in rural areas; however, overconsuming eggs should be limited for those with diabetes [53]. Consuming more egg whites, than whole eggs, could be encouraged, to increase good-quality protein intake, as the cholesterol is in the yolk.



Fat has the highest energy density [54], which helps explain the weight loss benefits of the low-fat diet [14]. However, attitudes are changing in relation to the role of dietary saturated fats and cholesterol in human health [52,55], with some suggesting that saturated fat in the context of the whole diet is more important than setting a target intake [56]. Considering rural areas are food deserts, maintaining saturated fat at 10% of total calories is a good starting point. This would help to direct the patient to healthier food options. Reducing the consumption of saturated fat slowly over time may be the best approach; however, resources to assess dietary intake and meal options appropriate for the area are needed.




4.4. Carbohydrate


The most important macronutrient in relation to diabetes is carbohydrate, with and emphasis on carbohydrate quality [34]. This includes making more whole grain choices and limiting refined carbohydrates, especially from ultraprocessed foods and snacks. Nutritional intervention is a key component of diabetes management, along with medications and other lifestyle changes. One key point is that people with diabetes need reminding that glycemic medications perform specific functions to address hyperglycemia. However, poor- quality dietary carbohydrate will still raise blood sugar, independent of most medications. The primary exception are α-glucosidase inhibitors, which can reduce the amount of carbohydrate digested (not 100% effectively), although simple sugars (i.e., monosaccharides such as glucose and fructose) will still become absorbed; [57], see Figure 2. In rural areas with limited access to a variety of foods, snacks (number and amount) may be the best food type to target to help reduce refined carbohydrate and added sugars intakes [33].




4.5. Water


Water is the other, often overlooked, macronutrient [59]. A recent meta-analysis associates higher water intake with a reduced risk of type 2 diabetes [60]. However, hydration is not reviewed in the ADA guidelines [14]. Maintaining good hydration status in people with diabetes has many metabolic benefits [61]. People with diabetes may be at higher risk of dehydration due to hyperglycemia and its associated increased urinary output. In addition, underhydration may increase hyperglycemia [62] and contribute to diabetic ketoacidosis in children and adolescents [63], and adults with type 1 diabetes [64]. Water intake recommendations for healthy people (Adequate Intakes) are 3.7 L and 2.7 L per day for men and women, respectively [65], with adjustments made for activity level and age (older people tend to drink less so are at a higher risk for dehydration [66]). Considering rural physicians, and other rural healthcare professionals, the most practical and reasonably accurate method is to use urine color [67,68]. With this in mind, a nine-color urine chart was included for use in rural areas; see Figure 3. This can also be utilized by patients to self-monitor their hydration status. This nine-color chart is based on the original data from Armstrong et al. [69], which were converted to Color Hex Codes by Wardenaar et al. [70]. This color chart will need to be printed using a good-quality printer as color can vary. Another option is to use the lavatory urine color (LUC) chart method, based on urine voiding time [71] (the chart is available as a supplemental file in pdf format on the journal’s website). When using urine color and color charts, one consideration is that vitamins B2 and B12 in excess will cause a bright yellow color, and some medications will affect urine color (see MedlinePlus [72]).




4.6. Micronutrients


The ADA guidelines do not support the use of supplementary vitamins and minerals, specifically to help control blood glucose or improve CVD risk factors [14]. The default target intakes for the micronutrients are the Dietary Reference Intakes; all the tables are freely available here [73]. Patients with diabetes on metformin should be monitored for B12 deficiency at least annually [14]. Epidemiological studies suggest that lower potassium, magnesium, and zinc status are associated with uncontrolled diabetes [74], and may be worth monitoring. Chromium may not help with blood sugar management [14], although some studies do support it use [74]. However, it is important to know what supplements the patient is taking. Maintaining a non-judgmental approach to micronutrient supplements and herbals will help gain patient trust and facilitate the open sharing of information. The major reason to ask a patient to stop taking a supplement is if it contraindicated for any aspect of their medical treatment (e.g., nutrient–drug interactions). Overall, as there is not strong evidence to support the use of certain micronutrients and herbs/spices specifically for glycemic control, the patient’s money may be best spent on other means to control glycemia. However, as the rural community resides in food deserts, a one-a-day multinutrient supplement may help reduce micronutrient insufficiencies. In addition, other supplements, e.g., calcium and omega-3 (fish oil), may be needed based on patient needs.




4.7. Non-Nutritive Sweeteners


The original goal of non-nutritive sweeteners was to reduce calories and avoid blood sugar spikes. Regardless, it is logical to assume that the use of non-nutritive sweeteners does not break the sweet habit [75]. While low-/non-caloric sweeteners do reduce the overall energy intake of a patient, they may not improve glycemic outcomes [76,77] as they may disrupt the patient’s insulin sensitivity [78]. Diet sodas that contain aspartame have been associated with higher A1C levels and higher risks of metabolic syndrome [79]. This could be that individual’s pair higher-calorie and carbohydrate foods with low-calorie/zero-calorie beverages. However, sugar-sweetened beverages (which include added sugars as the form of sweetener), including soda, fruit juice, and energy drinks [80] should still be limited. Ideally, they should be replaced with plain water, sparkling water, or flavored water as much as possible. Therefore, as access to a wide variety of foods and beverages is limited in rural areas, the most important consideration may to limit sugar-sweetened beverages as they will directly increase blood glucose.




4.8. Alcohol


Moderate alcohol consumption is recommended for people with diabetes, and equates to approximately one drink per day. One drink is defined as a 12 oz of beer, a 5 oz glass of wine, or 1.5 oz of distilled spirits (approx. 15 g alcohol) [14]. However, one additional consideration is the carbohydrate/sugar content of different alcoholic drinks; that of beers is the highest and that of distilled spirits is the lowest; low-carb beers are available. It is also important to educate people with diabetes about the signs, symptoms, and self-management of delayed hypoglycemia after drinking alcohol, especially when using insulin or insulin secretagogues. In this case, wearing a medical ID bracelet or identification to identify oneself as a person with diabetes is recommended. The signs and symptoms of delayed hypoglycemia can range from hypertension, worsening neuropathy, dehydration, and cardiovascular diseases, to even certain cancers; however, with moderate and sensible alcohol consumption, adverse risks are minimized [81].




4.9. Dietary Patterns/Quality


The ADA guidelines state that a variety of eating patterns are suitable for people with diabetes [14]. Improving diet quality means increasing the consumption of plant foods and whole foods, in addition to reducing processed food intake. There is considerable flexibility for the rural physician within the ADA guidelines to modify patients’ dietary patterns. The core concept is to improve carbohydrate quality (more whole grains and less refined grains) to help improve glycemia. Rural physicians must assess what foods the patient has access to and suggest an eating pattern that works best with their situation [21]. A simpler approach may be to utilize the ADA Diabetes Plate Method; resources available in [82]. Briefly, this method assumes a nine-inch plate, where half should be non-starchy vegetables, one quarter should be protein foods (lean), and the other quarter can be carbohydrate foods (grains, starchy vegetables, beans, fruits, or dairy), and water or a zero-calorie drink; see Figure 1.



Most people are aware of the Mediterranean diet and a low-fat diet; however, one dietary pattern that is receiving more attention is the very-low-carbohydrate diet. This is typically referred to as the ketogenic diet, and it is defined as maintaining a state of nutritional ketogenesis (a blood ketone level between 0.5 and 4.0 mM), by limiting the daily intake of carbohydrates to 20–50 g/d and that of protein to 1.5 g/kg of body weight, with the remainder of energy coming from fats [83]. While this diet is appropriate for some patients with diabetes (uncontrolled diabetes or requiring medication reduction), it requires time and resources to remain compliant, including monitoring blood and/or urinary ketones. Therefore, the very-low-carbohydrate diet may be impractical from a rural physician perspective (time and effort) as well as the rural patient perspective (cost and access to the right foods). Ultimately, it is best if the patient with diabetes is recommended to try a very-low-carbohydrate diet by the rural physician with full physician support.





5. Cultural Preferences


Cultural preferences are a vital component when providing dietary advice. Cultural preferences are not directly addressed in the ADA guidelines [14]; however, they come into play when creating an individualized diet. For example, African American diets often have starchy vegetables (white and sweet potatoes) as a staple food [84]. Starchy vegetables should be limited as they contribute to higher postprandial blood glucose [14]. In this case, a good starting point may be to reduce the serving size. Substitutes include pinto, kidney, or navy beans. Patients could also be encouraged to embrace the diversity of traditional vegetables in their diets, such as green leafy vegetables such as collard, mustard, or spinach greens [84], if available. Understanding the value of traditional foods in an individual’s life is a core component of culturally competent nutritional recommendations, which can play a huge role in patient compliance and overall improved health. Recommending foods outside of the patients’ cultural preferences has been shown to lead to cultural disconnection, which in turn can lead to decreased adherence to recommended diet plans, and the possible loss of social support [85].



As a population, African Americans have the second highest incidence of diagnosed diabetes at 12.1%, in contrast to white Americans with a lower incidence of 7.4% [86]. Studies have attributed this difference to a variety of genetic and environmental factors, including the increased incidence of obesity, higher rate of insulin resistance (beginning in childhood and continuing into adulthood), and lower average physical activity. Furthermore, racial disparities in health care have contributed to Black Americans having disproportionately higher rates of diabetes complications (end-stage renal disease, lower-extremity amputations, retinopathies, and microalbuminuria) and mortality than white Americans [87]. For many African American patients, the purchasing, preparation, and consumption of food are important ways to preserve their cultural traditions and connect with their communities, especially during semi-regular, inter-generational gatherings [88]. A focus group study of Black communities in north central Florida, for instance, found that many participants perceived dietary changes as disrespectful to elders, “giving up part of their cultural heritage,” and “trying to conform to the dominant culture” [89]. On the other hand, culturally competent dietary self-management interventions, such as helping patients modify existing recipes, has been shown to increase patient compliance and improve health outcomes (lower weight and A1C levels) [90].



Native Americans, also referred to as American Indians and Alaskan Natives (AI/ANs), have the highest rate of diabetes in the U.S. According to the National Diabetes Statistics Report, 14.7% of AI/AN’s have been diagnosed with diabetes, which is approximately double the value for non-Hispanic whites at 7.5% [86]. However, it is important to note that diabetes prevalence in AI/AN’s varies between regional populations, with those in the IHS Southwest Subregion 2 (Nevada, Arizona, and Utah) having the highest prevalence at 21.1% [91]. Age-adjusted diabetes mortality rates in AI/AN communities have been shown to be more than three times higher than the US average [92]. Furthermore, AI/AN individuals are more likely to experience the burdens of poverty, such as a limited ability to purchase more nutritious whole foods or reduced access to registered dieticians, especially in rural areas [93]. Native American patients are also more likely to have exacerbating comorbidities, with higher obesity and CVD mortality rates than the overall population [91]. Traditional Native American diets vary widely depending on their region and tribal group. The Special Diabetes Program for Indians (SDPI) has operated since 1997 and provides diabetes interventions (nutrition services, weight management programs, etc.), which address individual- and community-level factors in 80 tribes. SDPI programs use the CDC PreventT2 curriculum, which promotes moderate weight loss (5–7%) through increased physical exercise and dietary changes [94]. These nutritional modifications include increasing fiber, protein, and water intake, and reducing the consumption of foods high in carbohydrates and fat. According to the 2020 United States Census, however, 87% of those who identify as AI/AN live outside of tribal areas, and therefore may not have access to the SDPI and other Indian Health Service (IHS) resources [95]. Resources that can help the physician include the My Native Plate, which recommends a plate comprising 50% non-starchy vegetables, 25% grains and/or starchy vegetables, and 25% protein, and a side of fruit [96], as well as the Food Insecurity Assessment Tool and Resource List [97].



Apart from food preferences, factors such as non-citizenship status, lack of health insurance, migration stress, and certain acculturation patterns have been associated with increased risk for diabetes in immigrant populations [98]. Once diagnosed, immigrant populations face unique challenges in their disease management, including health insurance access, linguistic challenges, a lack of culturally sensitive care, variable health knowledge, and racial and ethnic discrimination [99]. These increased risk factors and challenges with disease management often compound in ways that can escape the understanding of physicians and medical professionals in the healthcare system. Yet, to effectively treat these populations and encourage adherence to dietary treatment regimens, these additional factors and considerations are vital to understand. Cultural foods often serve as a vital component of an individual’s cultural heritage, and for many immigrants serve to maintain connection to that heritage. Therefore, there is value and an increased likelihood of adherence to a diet, if the dietary plans are considerate and inclusive of an individual’s ethnic diet. Culturally sensitive health education targeted towards ethnic minority groups have been found to improve glycemic control and increased adherence to diabetic treatment and lifestyle regimens [100]. When creating a diet plan with a patient, important considerations would include asking the patient about their current eating habits, how food might play a role in their heritage or lifestyle, and if food has social value to them. It may be more successful to work with patients to find dishes within their ethnic diet or encourage modifications of ethnic foods to meet diabetic requirements as opposed to encouraging them to switch to other diets. Social support has long been considered essential in helping individuals with diabetes management, but for immigrants and cultural minorities, social gatherings, especially those centered around ethnic foods that they can no longer have due to prescribed dietary restrictions, can serve as stressors [101]. Among populations with collectivist cultures, social harmony is highly valued. In these populations, strict diet regimens can serve as a disruption to social harmony, leading to increased social stress [102]. This, in turn, can lead to cultural disconnection and can contribute to immigrants and cultural minorities struggling to adhere to their treatment plans.




6. Summary and Conclusions


Nutritional guidelines for prediabetes and diabetes from expert societies are excellent resources; however, their utility may diminish in medical/food deserts. This represents a large gap in rural patient management as well as the gap in the literature related to dietary habits, dietary behaviors, and cultural preferences of people with diabetes in rural America. Table 1 summarizes the barriers to fully implementing nutritional guidelines, including DSMES, DPP, and intensive lifestyle interventions that have been shown to be effective. In rural areas, these programs are either not available or are cost-prohibitive to create locally. However, because of the complexity of the nutritional therapy required, certain groups are at a higher risk for complications in rural areas due to food and/or healthcare insecurity; these are those with eating disorders and other conditions (diabetes-related gastroparesis and chronic kidney disease). To encourage rural physicians and other rural healthcare professionals to utilize dietary management in diabetes, some form of Medicare/Medicaid reimbursement for nutritional therapy could be developed (as an alternative to MNT, which is legally defined). In addition, less expensive software licenses for dietary assessment solutions may alleviate the cost barrier. There is a great opportunity to create specific DSMES and DPP toolkits for rural physicians, which could be easier to implement (e.g., online modules and patient workbooks). Telemedicine remains an option for rural areas; however, it may need to be modified from its current form to fit the rural environment. A crucial aspect of successful dietary intervention is meeting the patient where they are. Cultural preferences must be included, as well as knowledge of the local foods available. For rural physicians initiating dietary therapy, this may be more important than any other factors.



The following bullet points and figure (Figure 4) summarize the information provided here to help supplement the ADA guidelines:




	
The process must be supportive and positive, and include cultural preferences.



	
Screen for malnutrition;



	
For weight loss, the 3500 kcal rule is a good starting point but has limitations.



	
Focus on improving diet quality, especially carbohydrate quality, to reduce micronutrient insufficiencies;



	
Limit sugar-sweetened beverages;



	
Focus on modifying snacks to help reduce energy intake, refined carbohydrates, and added sugars;



	
Increase plant foods and whole foods in the diet;



	
Decrease processed meat consumption, and reduce processed food where possible to reduce sodium;



	
Maintain good hydration;



	
Assess B12 status at least annually for those on metformin.








The main limitation of this review is that due to the lack of nutritional data related to rural and underserved communities, the Supplementary Information included was not based on a series of systematic reviews and meta-analyses, though the information is generally accepted as useful in nutritional therapy. In addition, the information provided should not supersede good clinical judgement and experience. However, in some regards, this limitation forms the basis for the review—to highlight gaps in the current dietary guidelines for diabetes.



Creating new nutritional guidelines and lifestyle intervention programs for rural and underserved communities first requires that the knowledge gaps be filled. A good beginning is to assess the scale of the problem. Ideally, a NHANES type of study could be performed in rural areas across the country; this could be separate from, or integrated into, the current NHANES program. Rural physicians could be interviewed to learn their perceptions of, and approaches to, nutritional care in rural communities. In addition, an assessment of the available foods from local stores is required to obtain a picture of the rural nutritional landscape.



Apart from the evidence-based DSMES, DPP, and intensive lifestyle interventions, there are few major advancements in managing diabetes with healthy nutrition and lifestyle changes, with sufficient evidence to be included in nutritional guidelines. However, Virta Health have had success with a remote care model to reduce progression from prediabetes to diabetes, over two years [103]. This model could be modified and assessed for use in rural areas. Ultimately it seems that lower-carbohydrate-type diets may become more mainstream in diabetes management. Glucagon-like peptide-1 (GLP-1) production can be increased and gut microbiota species can be improved using a food-based approach (low-carbohydrate diet, high in almonds) [104]. This suggests that modulating the gut microbiota with fibers may play a future role in the management of diabetes; see recent reviews [105,106]. Given the potential for micronutrient insufficiencies, as well as low intakes of phytonutrients, in rural areas, affordable dietary supplements that complement the rural diet may be an opportunity for future diabetes management. While the ADA does not recommend any supplements for a specific reduction in blood glucose [14], there must be some phytonutrients that can modulate blood glucose; after all, metformin is derived from a plant compound [107]. The leading candidates for future diabetes supplements have been reviewed previously [108]. One fascinating area as it relates to the future of diabetes management in rural areas is the utilization of n-of-1 clinical trials to develop personalized nutrition for rural and underserved areas, due to their unique circumstances. N-of-1 clinical trials were originally conceived for use in medicine, and they particularly suit the field of nutrition [109]. However, they are complex due to the repeated crossover of treatments and may not suit current outcomes of interest, e.g., A1C. The Westlake N-of-1 Trials for Macronutrient Intake (WE-MACNUTR) tested inter-individual variations in postprandial glycemic response and provided evidence that this type of trial is feasible [110,111]; however, its application in rural areas may require further modifications.



This review serves as a call to action for the nutritional health of rural America. The intention is to be a catalyst for the creation of diabetes nutrition guidelines for rural healthcare professionals, by rural healthcare professionals. The gap in knowledge provides endless opportunities for research in rural areas, especially in nutritional therapy. The authors are currently seeking collaborations to begin to gather nutritional information from rural communities. Learnings from rural communities may help improve current nutritional guidelines and diabetes prevention and care for all.



In conclusion, the key findings of this review are that (1) the current dietary guidelines for diabetes have significant gaps in relation to nutritional therapy in rural and underserved areas, (2) people with diabetes in rural areas are estimated to have a macronutrient distribution similar to that of those without diabetes, and be within the AMDR, (3) people with diabetes are estimated to consume a diet of poor quality and that may be insufficient in micronutrients, (4) supplemental resources to assist the rural physician initiate nutritional therapy were discussed and summarized, (5) cultural preferences must be part of the nutritional therapy approach for rural communities, and (6) there is an urgent need to investigate the nutritional environment of rural communities. The health of rural communities must be addressed, and rural physicians and other rural healthcare professionals must be supported with relevant guidelines and resources.
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Figure 1. The diabetes plate plan. 
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Figure 2. Foods, especially refined carbohydrates, have the greatest effect on blood glucose. This figure is adapted from [58] and summarizes the primary actions of common diabetes medications; however, not all known actions are depicted. Medications target specific actions to manage blood glucose; however, regardless of the medication used, the wrong foods will raise blood glucose. This results in postprandial glucose spikes, which contribute to a higher A1C [51]. The yellow box depicts what contributes to blood glucose and the blue box shows how medications manage physiological mechanisms; however, food still greatly contributes to blood glucose. DPP-4 = dipeptidyl peptidase 4 (gliptins); GLP-1 = glucagon-like peptide-1; SGLT-2 = sodium glucose cotransporter 2. 
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Figure 3. Urine color chart for use in clinic or to provide to patients to improve hydration status. 
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Figure 4. Supplemental information to help implement dietary guidelines for people with diabetes in rural areas. In this figure, the supplementary information is summarized in a schematic form. At patient encounters, one or more nutrition-related findings could be present and the considerations for follow up are included. The globe is placed where cultural preferences would be a vital consideration for successful outcomes. 
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Table 1. A rural lens on the American Diabetes Association’s consensus recommendations [14] for diabetes nutrition therapy.
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	Consensus Recommendation [14]
	Resources Assumed
	Application in Rural Areas





	Effectiveness of diabetes nutrition therapy
	
	



	
	
Refer adults living with type 1 or type 2 diabetes to individualized, diabetes-focused MNT at diagnosis and as needed throughout the life span and during times of changing health status to achieve treatment goals. Coordinate and align the MNT plan with the overall management strategy, including use of medications, physical activity, etc., on an ongoing basis.





	Presence of dietitians with experience in diabetes.

Clinics with multidisciplinary teams, including specialties (personnel).

Local, affordable fitness studios (aerobic and resistance weights).
	Absence of multidisciplinary clinics and other healthcare professionals, especially dietitians, shortage of nurses in rural areas [24]. There is a need for all types of healthcare professionals in rural areas [25]. The rural physician is at the frontline and must address MNT.



	
	2.

	
Refer adults with diabetes to comprehensive diabetes self-management education and support (DSMES) services according to national standards.






	DSMES services must meet national standards, and must be accredited by the ADA or ADCES. They require a sponsor organization, dedicated multidisciplinary team, staff training, access to exercise facilities, meeting rooms, technology for data reporting, etc., see https://www.cdc.gov/diabetes/dsmes-toolkit/index.html. Access date 12 December 2023.
	Developing a local DSMES program requires significant resources and capital investment and is probably out of scope for a rural family medicine physician in private practice.



	
	3.

	
Diabetes-focused MNT is provided by a registered dietitian nutritionist/registered dietitian (RDN), preferably one who has comprehensive knowledge and experience in diabetes care.






	Presence of dietitians with experience in diabetes.
	The rural physician must address MNT.



	
	4.

	
Refer people with prediabetes and overweight/obesity to an intensive lifestyle intervention program that includes individualized goal-setting components, such as the Diabetes Prevention Program (DPP) and/or to individualized MNT.






	Intensive lifestyle intervention programs typically require specialized foods, access to exercise facilities, and regular follow-ups with a multidisciplinary team.

DPP require significant resources, at least three dedicated staff (lifestyle coach, data preparer, program coordinator), a CDC-approved curriculum (all aspects, including mental health), a multidisciplinary team to provide education, and capital investment. See https://www.cdc.gov/diabetes/prevention/index.html. Access date 12 December 2023.
	Developing a local DPP requires significant resources and capital investment and is probably out of scope for a rural family medicine physician in private practice. The rural physician must address MNT.



	
	5.

	
Diabetes MNT is a covered Medicare benefit and should be adequately reimbursed by insurance and other payers or bundled in evolving value-based care and payment models.






	Presence of dietitians with experience in diabetes.

Universal insurance coverage for MNT.
	Is a rural physician able to bill Medicare for MNT or does it have to be a dietitian? Can any form of nutritional therapy be billed for by a rural physician? Opportunity for Medicare and other insurers, to also reimburse rural physicians for providing nutritional therapy. In rural areas, there is limited access to health insurance, compared to urban areas [26].



	
	6.

	
DPP-modeled intensive lifestyle interventions and individualized MNT for prediabetes should be covered by third-party payers or bundled in evolving value-based care and payment models.






	Local DPP.

Presence of dietitians with experience in diabetes.
	Is a rural physician able to bill Medicare for MNT or does it have to be a dietitian? Can any form of nutritional therapy be billed for by a rural physician? An opportunity for Medicare to also reimburse rural physicians for providing nutritional therapy. In rural areas there is limited access to health insurance, compared to urban areas [26].



	Macronutrients
	
	



	
	
Evidence suggests that there is not an ideal percentage of calories from carbohydrate, protein, and fat for all people with or at risk for diabetes; therefore, macronutrient distribution should be based on an individualized assessment of current eating patterns, preferences, and metabolic goals.





	Resources to assess macronutrient distribution (software, personnel, and time).

Resources to follow-up on macronutrient distribution (software, personnel, and time).

Easy access to a wide variety of foods.
	For a review of dietary assessment toolkits, see [27]. There are relatively inexpensive, digital options for rural physicians if they want to perform dietary assessment, e.g., using Food Processor (ESHA, Salem, OR, USA), MyFood 24 (Nexus, Leeds, UK), or Power Diary (Salt Lake City, UT, USA). However, time is required to interpret the results and formulate a plan.



	
	2.

	
When counseling people with diabetes, a key strategy to achieve glycemic targets should include an assessment of current dietary intake followed by individualized guidance on self-monitoring carbohydrate intake to optimize meal timing and food choices and to guide medication and physical activity recommendations.






	Resources to assess dietary intake, especially carbohydrate, how much carbohydrate at each meal, etc. (software, personnel, and time).

Resources to follow-up on dietary intake (software, personnel, and time).

Easy access to a wide variety of foods.

Local, affordable fitness studios (aerobic and resistance weights).
	For a review of dietary assessment toolkits, see [27]. There are, relatively inexpensive, digital options for rural physicians if they want to perform dietary assessment, e.g., Food Processor (ESHA, Salem, OR, USA), MyFood 24 (Nexus, Leeds, UK), Power Diary (Salt Lake City, UT, USA)—we are not endorsing these products. However, time is required to interpret the results.

The rural physician can provide patient education on carbohydrate counting—may have to develop the content so it is appropriate for their patients.



	
	3.

	
People with diabetes and those at risk for diabetes are encouraged to consume at least the amount of dietary fiber recommended for the general public; increasing fiber intake, preferably through food (vegetables, pulses (beans, peas, and lentils), fruits, and whole intact grains) or through dietary supplements may help in modestly lowering A1C.






	Easy access to a wide variety of foods.

Patient can afford to eat better.
	The rural physician will have to be aware of where locals purchase foods and seek out foods with more fiber. Supplements may be the best option—must consider affordability.

The rural physician can provide patient education on increasing fiber—may have to develop the content so it is appropriate for their patients.



	Eating patterns
	
	



	
	
A variety of eating patterns (combinations of different foods or food groups) are acceptable for the management of diabetes.





	Easy access to a wide variety of foods, especially plant foods, which are central to all beneficial dietary patterns.

Patient can afford to eat better.
	Food insecurity may need to be considered.

The rural physician can provide patient education on improving dietary patterns—may have to develop the content so it is based on what is available locally.



	
	2.

	
Until the evidence surrounding comparative benefits of different eating patterns in specific individuals strengthens, health care providers should focus on the key factors that are common among the patterns:




	○

	
Emphasizing nonstarchy vegetables.




	○

	
Minimizing added sugars and refined grains.




	○

	
Choosing whole foods over highly processed foods to the extent possible.












	Easy access to a wide variety of foods, especially plant foods, which are central to all beneficial dietary patterns.

Easy access to whole foods.

Patient can afford to eat better.
	Food insecurity may need to be considered.

The rural physician can provide patient education on improving dietary patterns—may have to develop the content so it is based on what is available locally.



	
	3.

	
Reducing overall carbohydrate intake for individuals with diabetes has demonstrated the most evidence for improving glycemia and may be applied in a variety of eating patterns that meet individual needs and preferences.






	Easy access to a wide variety of foods, especially good-quality carbohydrate foods.

Patient can afford to eat better.
	This recommendation more than likely means reducing refined carbohydrate intake. The rural physician can provide patient education on reducing carbohydrate intake—may have to develop the content so it is based on what is available locally.



	
	4.

	
For select adults with type 2 diabetes not meeting glycemic targets or where reducing antiglycemic medications is a priority, reducing overall carbohydrate intake with low- or very-low-carbohydrate eating plans is a viable approach.






	Easy access to a wide variety of foods, appropriate for a low- or very- low-carbohydrate diet.

Patient can afford this specialized diet.
	Food insecurity may need to be considered.

The rural physician can provide patient education on reducing carbohydrate intake—may have to develop the content so it is based on what is available locally.



	Energy balance and weight management
	
	



	
	
To support weight loss and improve A1C, CVD risk factors, and quality of life in adults with overweight/obesity and prediabetes or diabetes, MNT and DSMES services should include an individualized eating plan in a format that results in an energy deficit in combination with enhanced physical activity.





	Resources to assess dietary intake, especially carbohydrate intake, how much carbohydrate consumed at each meal, etc. (software, personnel, and time).

Resources to follow-up on dietary intake (software, personnel, and time).

Local, convenient, DSMES program and DPP.
	Developing a local DSMES program, or DPP, requires significant resources and capital investment and is probably out of scope for a rural family medicine physician in private practice.



	
	2.

	
For adults with type 2 diabetes who are not taking insulin and who have limited health literacy or numeracy, or who are older and prone to hypoglycemia, a simple and effective approach to glycemia and weight management emphasizing appropriate portion sizes and healthy eating may be considered.






	Resources to assess dietary intake, i.e., portion sizes (software, personnel, and time).

Resources to follow-up on dietary intake (software, personnel, and time).
	Food insecurity may need to be considered.

The rural physician can provide patient education on portion size and reducing carbohydrate—may have to develop the content so it is based on what is available locally.



	
	3.

	
In type 2 diabetes, 5% weight loss is recommended to achieve a clinical benefit, and the benefits are progressive. The goal for optimal outcomes is 15% or more when needed and can be feasibly and safely accomplished. In prediabetes, the goal is 7–10% for preventing progression to type 2 diabetes.






	Presence of diabetes weight loss programs, including DSMES, DPP and intensive lifestyle intervention.

Resources to assess and follow-up for dietary intake (software, personnel, and time).

Local, affordable exercise facilities (aerobic and resistance weights).
	Achieving consistent and sustained weight loss in patients with diabetes requires time and effort. In addition, patients need support to maintain motivation. Rural physician would need to develop a weight loss program appropriate for the area and patients. This may be out of scope for the rural physician.



	
	4.

	
In select individuals with type 2 diabetes, an overall healthy eating plan that results in an energy deficit in conjunction with weight loss medications and/or metabolic surgery should be considered to help achieve weight loss and maintenance goals, lower A1C, and reduce CVD risk.






	Resources to assess dietary intake and create eating plans with caloric deficits (software, personnel, and time).

Clinics with multidisciplinary teams, including specialties (personnel).

Local, affordable exercise facilities (aerobic and resistance weights).

Health insurance that covers weight loss medications and/or metabolic surgery.
	Rural physician would need to develop a weight loss program, with access to medications and/or metabolic surgery, appropriate for the area and patients. This may be out of scope for the rural physician.



	
	5.

	
In conjunction with lifestyle therapy, medication-assisted weight loss can be considered for people at risk for type 2 diabetes when needed to achieve and sustain 7–10% weight loss.






	Resources to assess dietary intake and create eating plans with caloric deficits (software, personnel, and time).

Local, affordable exercise facilities (aerobic and resistance weights).

Health insurance that covers weight loss medications.
	The rural physician would need to develop a weight loss program, with access to medications, appropriate for the area and patients. This may be out of scope for the rural physician.



	
	6.

	
People with prediabetes at a healthy weight should be considered for lifestyle intervention involving both aerobic and resistance exercise and a healthy eating plan such as a Mediterranean-style eating plan.






	Resources to assess dietary intake and create eating plans with caloric deficits (software, personnel, and time).

Clinics with multidisciplinary teams, including specialties (personnel).

Local, affordable exercise facilities (aerobic and resistance weights).

Easy access to a wide variety of foods.
	The rural physician would need to develop a healthy eating plan to help prevent diabetes appropriate for the area and patients. This may be out of scope for the rural physician.



	
	7.

	
People with diabetes and prediabetes should be screened and evaluated during DSMES and MNT encounters for disordered eating, and nutrition therapy should accommodate these disorders.






	Presence of local DSMES program.

Easy access to a mental health specialist/multidisciplinary clinical team.

Presence of dietitians with experience in diabetes and eating disorders.

Health insurance that covers eating disorder therapies.
	The rural physician, if comfortable, could begin to address eating disorders; however, specialty care is needed.



	Sweeteners
	
	



	
	
Replace sugar-sweetened beverages (SSBs) with water as often as possible.





	No comment.
	No issue for the rural physician to educate on this topic.



	
	2.

	
When sugar substitutes are used to reduce overall calorie and carbohydrate intake, people should be counseled to avoid compensating with the intake of additional calories from other food sources.






	No comment.
	No issue for the rural physician to educate on this topic.



	Alcohol consumption
	
	



	
	
It is recommended that adults with diabetes or prediabetes who drink alcohol do so in moderation (one drink or less per day for adult women and two drinks or less per day for adult men).





	No comment.
	No issue for the rural physician to educate on this topic.



	
	2.

	
Educating people with diabetes about the signs, symptoms, and self-management of delayed hypoglycemia after drinking alcohol, especially when using insulin or insulin secretagogues, is recommended. The importance of glucose monitoring after drinking alcohol beverages to reduce hypoglycemia risk should be emphasized.






	No comment.
	No issue for the rural physician to educate on this topic.



	Micronutrients, herbal supplements, and risk of medication-associated deficiency
	
	



	
	
Without an underlying deficiency, the benefits of multivitamins or mineral supplements on glycemia for people with diabetes or prediabetes have not been supported by evidence, and therefore routine use is not recommended.





	No comment.
	No issue for the rural physician to educate on this topic.

However, considering the poorer diets in rural areas, a daily multinutrient supplement may help prevent insufficiencies.



	
	2.

	
It is recommended that MNT for people taking metformin include an annual assessment of vitamin B12 status with guidance on supplementation options if deficiency is present.






	No comment.
	No issue for the rural physician to educate on this topic. However, considering the poorer diets in rural areas, a daily multinutrient supplement may help prevent insufficiencies.



	
	3.

	
The routine use of chromium or vitamin D micronutrient supplements or any herbal supplements, including cinnamon, curcumin, or aloe vera, for improving glycemia in people with diabetes is not supported by evidence and is therefore not recommended.






	No comment.
	No issue for the rural physician to educate on this topic.



	MNT and antihyperglycemic medications (including insulin)
	
	



	
	
All RDNs providing MNT in diabetes care should assess and monitor medication changes in relation to the nutrition care plan.





	Presence of dietitians with experience in diabetes.
	The rural physician has to address MNT.



	
	2.

	
For individuals with type 1 diabetes, intensive insulin therapy using the carbohydrate counting approach can result in improved glycemia and is recommended.






	No comment.
	No issue for the rural physician to educate on this topic.



	
	3.

	
For adults using fixed daily insulin doses, consistent carbohydrate intake with respect to time and amount, while considering the insulin action time, can result in improved glycemia and reduce the risk for hypoglycemia.






	Resources to assess dietary intake, i.e., carbohydrate intakes at meals and snack time (software, personnel, and time).
	The rural physician would need to develop an individualized eating plan to help keep carbohydrate intake consistent throughout the day, that is appropriate for the area. This may be out of scope for the rural physician.



	
	4.

	
When consuming a mixed meal that contains carbohydrate and is high in fat and/or protein, insulin dosing should not be based solely on carbohydrate counting. A cautious approach to increasing mealtime insulin doses is suggested; continuous glucose monitoring (CGM) or self-monitoring of blood glucose (SMBG) should guide decision-making for the administration of additional insulin.






	Health insurance that covers CGM or SMBG.
	No issue for the rural physician to educate on this topic.



	Role of nutrition therapy in the prevention and management of diabetes complications (CVD, diabetic kidney disease, and gastroparesis)
	
	



	
	
In general, replacing saturated fat with unsaturated fats reduces both total cholesterol and LDL-C and also benefits CVD risk.





	No comment.
	No issue for the rural physician to educate on this topic.



	
	2.

	
In type 2 diabetes, counseling people on eating patterns that replace foods high in carbohydrate with foods lower in carbohydrate and higher in fat may improve glycemia, triglycerides, and HDL-C; emphasizing foods higher in unsaturated fat instead of saturated fat may additionally improve LDL-C.






	No comment.
	No issue for the rural physician to educate on this topic.



	
	3.

	
People with diabetes and prediabetes are encouraged to consume less than 2300 mg/day of sodium, the same amount that is recommended for the general population.






	No comment.
	No issue for the rural physician to educate on this topic.



	
	4.

	
The recommendation for the general public to eat a serving of fish (particularly fatty fish) at least two times per week is also appropriate for people with diabetes.






	Easy access to a wide variety of foods.
	No issue for the rural physician to educate on this topic, possibly offer supplements as an alternative.



	
	5.

	
In individuals with diabetes and non–dialysis-dependent diabetic kidney disease (DKD), reducing the amount of dietary protein below the recommended daily allowance (0.8 g/kg body weight/day) does not meaningfully alter glycemic measures, cardiovascular risk measures, or the course of glomerular filtration rateO decline, and may increase the risk for malnutrition.






	Resources to assess dietary intake, i.e., protein intake (software, personnel, and time).

Presence of dietitians with experience in diabetes and DKD.
	This can be a challenge for rural physicians, as other guidelines and data exist. The National Kidney Foundations nutritional guidelines suggest 0.6–0.8 g/kg/d, but with higher caloric intake, and more medical supervision to mitigate any potential risk for malnutrition [28]. Two-year data from Virta Health (poster) show that sustained nutritional ketosis may help preserve kidney function [29]. A meta-analysis supports that lower-carbohydrate diets maintain eGFR better (albeit by a small number) than standard diets do [30].



	
	6.

	
Selection of small-particle-size foods may improve symptoms of diabetes-related gastroparesis.






	Easy access to the appropriate foods.
	Appropriate foods, including medical foods, may not be readily available.



	
	7.

	
Correcting hyperglycemia is one strategy for the management of gastroparesis, as acute hyperglycemia delays gastric emptying.






	Resources to assess dietary intake, i.e., carbohydrate intakes (software, personnel, and time).

Coupling with CGM or SMBG to make the patient more aware of what foods contribute to hyperglycemia.

Health insurance that covers CGM devices or SMBG.
	The rural physician can educate on carbohydrate counting and carbohydrate quality.

The rural physician would need to develop a program appropriate for the area and patients.



	
	8.

	
Use of CGM and/or insulin pump therapy may aid the dosing and timing of insulin administration in people with type 1 or type 2 diabetes with gastroparesis.






	Health insurance that covers CGM and/or insulin pump therapy.
	The rural physician can educate on carbohydrate counting and carbohydrate quality.

The rural physician would need to develop a food list appropriate for the area and patients.



	Personalized nutrition
	
	



	
	
Studies using personalized nutrition 