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Abstract 

Introduction: Diabetes Mellitus Type 2 (DM2) is a chronic, complex and progressive 

disease characterized by chronic hyperglycemia together with alterations of 

carbohydrate, lipid and protein metabolism as a result of a deficient insulin action 

Objective: To describe the nutritional management in the care therapeutics in the 

complicated diabetic foot. Methodology: Descriptive, retrospective and comparative 

study based on a systematic review of the different databases and research lines of free 

access and specialized health sciences, articles published in the different scientific 

platforms in English, Spanish and Portuguese, from North, Central and South American 

countries. Results: Clinical nutrition therapy is a key component of managing diabetes 

and hyperglycemia in the hospital setting. Maintaining balanced nutrition is important 

for glycemic control and for meeting adequate caloric demands in patients presenting 

with diabetic foot ulcers and UPD. Micronutrient deficiency is increasingly recognized as 

a factor in poorly healing patients with UPD, stating that inadequate micronutrition 

inhibits all levels of wound healing. Conclusions: Patient monitoring is necessary for 

proper follow-up and measurement of patient evolution. Nutritional assessment, through 

the development of a clinical-nutritional evaluation as part of wound management, could 

correct the nutritional status of the patient and an adequate feeding regimen according to 

the stage of evolution and clinical complications.  
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Introduction  

Type 2 Diabetes Mellitus (DM2) is a chronic, complex and progressive disease 

characterized by chronic hyperglycemia and alterations in carbohydrate, lipid and protein 

metabolism, all due to deficient insulin secretion or action or both [1]. The prevalence of 
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DM2 is increasing due to an aging population, changes in lifestyle, and an increased 

prevalence of obesity. [2,3]. DM2 is currently considered one of the main causes of 

premature morbidity and mortality due to its complications. The direct and indirect costs 

of DM2 and its complications account for a significant part of health expenditure in 

different countries [4]. 

The increase in people diagnosed with diabetes mellitus (DM) places this disease as a 

global health problem, according to the International Diabetes Federation (IDF) [1]. It is 

estimated that, in 2017, the global prevalence reached 425 million people aged 20-79 

years (8.8 %); it is expected that the figures will increase to 693 million in 2045 and from 

what was reported by the World Health Organization (WHO), between 2000 and 2016 

there was a 5 % increase in premature mortality due to diabetes, which was the direct 

cause of 1.6 million deaths [2]. A recent report from the WHO states that the prevalence 

of diabetes in adults over 18 years of age has increased worldwide from 4.7% to 8.5%. It 

will be the seventh leading cause of mortality in 2030 (5). 

In this regard, it is estimated that, at the time of diagnosis, more than 10% of patients 

have risk factors for developing foot diseases, such as peripheral neuropathy or peripheral 

vascular disease [3].  

Patients with type 2 diabetes mellitus are 25 times more at risk than the general 

population of losing a limb; each year, more than 1 million people lose a lower limb due 

to diabetes mellitus [4]. Diabetic patients consume 11% of the total health budget in the 

United States and about 6% of the health cost in Latin America and the Caribbean, which 

makes it an entity of public health interest, in addition to the impact it generates with the 

high burden on health morbidity and mortality indicators [6]. In Colombia, according to 

the National Health Observatory (ONS), diabetes reached an average mortality rate 

between 2009 and 2011 of 10.4 per 100 000 inhabitants, ranking among the first ten 

causes of general mortality, with more than 50% being preventable [7]. 

Diabetic foot ulcer (DFU) is a serious complication of diabetes mellitus and is associated 

with high morbidity and mortality levels and significant economic costs [1-3]. The WHO 

defines UPD as “the presence of ulceration, infection and gangrene in the foot associated 

with diabetic neuropathy and varying degrees of peripheral vascular disease as a 

consequence of the complex interaction of different factors induced by sustained 

hyperglycemia.” Recurrence rates of (UPD) are 40% in one year and 65% in the 

subsequent three years after successful ulcer healing. Therefore, prevention is critical to 

reducing the risks to the patient and the resulting economic burden to society.  

Ulcers (UPD) are the most common problem, with an annual incidence of about 2-4% in 

developed countries and probably even higher in developing countries [8]. Not all people 

with diabetes are at risk of ulceration. Key risk factors include a loss of protective 

sensation (PSP), peripheral arterial disease (PAD) and foot deformity. [6] 

Amputation of the foot or leg occurs mainly due to events related to ischemia or 

infection, the latter being the main cause. Infection of the diabetic foot can involve soft 

tissue or bone, with the former being the most severe clinical presentation and a worse 

prognosis [9, 10]. 

The relationship between nutrition and healing has been recognized for decades, 

describing that proper healing requires an adequate intake of energy, protein and 

micronutrients [11]. Malnutrition is a determinant of the development of UPD, 

documenting that patient with malnutrition has a 129 % higher risk of developing them 

(RR 2.29, 95%CI 1.53-3.44), regardless of other predictors such as age and comorbidities 

[12]; a study by Banks et al. (2013), managed to show that nutritional intervention is a 

useful approach in the prevention of UPD, by demonstrating savings of 2.869,526 (SD 2 

078 715) when patients received the nutritional intervention, compared to standard care 

[13]. This is why malnutrition should be identified on time to define dietary guidelines to 
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allow adequate healing [14]. In addition to adequate nutrition and hydration, other 

interventions have been studied that may have significant benefits in wound healing, 

suggesting arginine, glutamine and micronutrient supplementation [15]. 

The European Pressure Ulcer Advisory Panel (EPUAP) guidelines for the prevention and 

treatment of UPD, published in 2019, consider nutritional therapy essential, issuing 

different recommendations for the dietary prescription. Before recommending 

supplementation, dietary intake should be evaluated, in addition to the amounts provided 

by fortified products such as enteral formulas [16]. However, several studies now 

increasingly recognize micronutrient deficiency as a factor in poor healing in patients 

with UPD, as several micronutrients play an important role in healing as enzyme 

cofactors [17, 15]. For many people with diabetes, the most challenging part of the 

treatment plan is determining what to eat. The American Diabetes Association (ADA) 

position is that there is no “one-size-fits-all” eating pattern for people with diabetes. The 

ADA also recognizes the integral role of nutritional therapy in the overall management of 

diabetes and has historically recommended that each person with diabetes be active 

participants in self-management, education, and treatment planning with their healthcare 

provider, which includes the collaborative development of an individualized meal plan 

[2,3]. 

The area of nutrition, often forgotten by technological and scientific advances, could be a 

key factor in improving the healing of these injuries and thus avoiding amputation. As it 

is known, there is a relationship between the nutritional status and the healing process of 

wounds and their complications. Local wound treatment is as important as daily clinical 

therapy and simple interventions such as a balanced diet [18]. Adequate treatment and 

therapeutic education for patients with diabetes mellitus at high risk of ulceration are 

essential to maintain quality of life and to prevent and limit lesions and recurrence [7]. 

The importance of an adequate nutritional assessment and dietary plan during all periods 

of the disease since the diabetic patient transits from malnutrition to obesity through 

various associated syndromes. Recognizing the importance of modifying eating habits 

and lifestyle implies putting into practice the three fundamental pillars for a good 

treatment, including a healthy eating plan (a key element in the prevention, treatment and 

complications of the disease), pharmacotherapy and diabetic education. Under these 

findings, our study aims to describe nutritional management in the therapeutic care of 

complicated diabetic foot. 

 

Methodology 

Professionals in medicine carried out a descriptive, retrospective and comparative study 

based on a systematic review of clinical nutrition and nursing of the Faculty of Health 

Sciences of the Simón Bolívar University, Medicine Program of the University of the 

North of Barranquilla and the Faculty of Nutrition of Guadalajara and the Autonomous 

University of Puebla, Mexico. In order to respond to the objective of describing the 

nutritional management in the therapeutic care of the complicated diabetic foot. A 

systematic search was carried out in different databases and open-access research lines 

specialized in health sciences, articles published from 1996 to 2020 in English, Spanish 

and Portuguese from different countries of North, Central and South America. The 

following descriptors or terms were used to search the review: Nutritional Therapeutics, 

Diabetic Foot. A total of 110 were identified, of which 25 studies were discarded for 

lacking a relation with the study categories in English, Spanish and Portuguese; for the 

selection of the articles, the inclusion criteria were established (articles that complied with 

the characteristics of the topic to be studied, that the title or abstract referred medical 

therapeutics of diabetes, nutrition in the patient with UPD, direct care in the UPD). The 

search was carried out as follows: articles found after registration in the following 

databases: Scielo: 25, Scopus: 20, Research Gate: 23, Pub Med: 20, Medigraphic: 2, 
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Redalyc: 100, Web: 10, with a total of documents found: N= 110, articles discarded due 

to duplication: 12.  

Nutritional assessment 

Previous studies have assessed the Mini Nutritional Assessment (MNA) as a highly 

sensitive tool for the accurate detection of malnutrition and its use in diabetic patients, as 

recommended in the International Diabetes Federation Global Guideline for DM2 [19] 

The Spanish Association of Vascular and Wound Nursing (AEVVH) emphasizes that in 

treating UPD, it is important to detect and correct malnutrition and dehydration 

employing a nutritional evaluation when assessing the patient. This should be done 

through nutritional tests and biochemical controls. [20] 

In normal-nourished patients who do not present nutrient deficits, a nutritional plan 

should be established that includes a diet rich in calories, protein and arginine, vitamins 

with antioxidant effects (Vitamins A, B, C, D and E and minerals such as zinc, 

magnesium, iron and selenium) and alpha-lipidic acid [21]. In addition, all nutrients 

should be considered as a component of a complete diet [22]. 

Clinical nutrition therapy (CNT) in hospitalized patients with diabetes 

In-hospital diabetes self-management may be appropriate for specific patients [23]. 

Candidates include adolescent and adult patients who successfully perform diabetes self-

management at home and whose cognitive and physical skills are not compromised to 

self-administer insulin and perform blood glucose self-monitoring successfully. In 

addition, they must have adequate oral intake, be proficient in carbohydrate estimation, 

use multiple daily insulin injections or continuous subcutaneous insulin infusions (CSII), 

have stable insulin requirements, and understand sick day management. If (CSII) or 

continuous glucose monitors (CGMs) are to be used, hospital policy and procedures 

outline guidelines for CSII therapy [24,25]. 

The goals of medical nutrition therapy in the hospital are to provide adequate calories to 

meet metabolic demands, optimize glycemic control, address personal food preferences, 

and facilitate the creation of a discharge plan. Current nutritional recommendations 

advise individualization based on treatment goals, physiologic parameters and medication 

use.  

Many hospitals prefer consistent carbohydrate meal plans because they make it easier to 

match the prandial insulin dose with the amount of carbohydrate consumed [26]. The 

availability of enteral formulas with lower carbohydrate (CH) and higher 

monounsaturated fat content with or without fiber allows flexibility of use to achieve 

glycemic control. Standard polymeric formulas (50/30-35/15-20) are an initial alternative 

because of their cost and specialized low-CH formulas. Elemental formulas are necessary 

in populations with digestive disorders or absorptive capacity disorders and in the case of 

patients with water retention problems, hypercaloric formulas are used. A post-pyloric 

feeding route should be considered in those patients with gastroparesis [27].  

When nutritional problems in the hospital are complex, the involvement of a registered 

dietitian nutritionist can contribute to patient care by integrating information about the 

patient’s clinical condition, meal planning and lifestyle habits and by setting realistic 

treatment goals after discharge. Orders should also indicate that meal delivery and 

nutritional insulin coverage should be coordinated, as their variability often creates the 

potential for hyperglycemic and hypoglycemic events [28]. 

Insulin vs. nutritional treatment (parenteral - enteral) in hospitalized diabetic patients with 

special situations 

The regimen should include coverage of basal, prandial, and correctional needs for 

patients receiving enteral or parenteral feeding who require insulin. Patients with type 1 
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diabetes must continue to receive basal insulin even if feeding is discontinued. A 

reasonable estimate of basal requirements can be made from the preadmission dose of 

long-acting or intermediate-acting insulin or a percentage of the total daily requirement 

established in the hospital (usually 30 to 50% of the total daily insulin dose). In the 

absence of a previous insulin dose, a reasonable starting point is to use five NPH 

insulin/detemir subcutaneously every 12 h and 10 units of insulin glargine every 24 h 

[29].  

For patients receiving continuous tube feeding, the total daily nutritional component can 

be calculated as 1 unit of insulin per 10-15 g of carbohydrate per day or as a percentage 

of the total daily insulin dose when the patient is being fed (usually 50-15 g of 

carbohydrate per day.) 70% of the total daily insulin dose). Corrective insulin should also 

be administered subcutaneously every six hours with regular human insulin or rapid-

acting insulin such as lispro, aspart, or glulisine every four hours. For patients receiving 

enteral bolus feedings, approximately 1 unit of regular human insulin or rapid-acting 

insulin per 10 to 15 g of carbohydrate should be administered subcutaneously before each 

feeding. Corrective insulin coverage should be added as needed before each feeding. 

Regular human insulin may be added to the solution for patients receiving continuous 

peripheral or central parenteral nutrition, particularly if 20 units of correctional insulin 

have been required in the last 24 h. A starting dose of 1 unit of regular human insulin per 

10 g of dextrose has been recommended [30] and should be adjusted daily in solution. 

Corrective insulin should be administered subcutaneously. [31,32]. 

Clinical nutrition therapy is a key component of managing diabetes and hyperglycemia in 

the hospital setting. Maintaining adequate nutrition is important for glycemic control and 

meeting adequate caloric demands. Caloric demands in acute illness will differ from those 

of outpatients. Achieving adequate nutritional balance in the hospital setting is a 

challenge. Anyone admitted to the hospital with diabetes or hyperglycemia should be 

evaluated to determine the need for a modified diet to meet caloric demands. 

The general approach to modified nutrition therapy in the hospital setting is based on 

expert opinion and patient needs. Unfortunately, there is limited data on the best approach 

or method to achieve ideal caloric intake. Therefore, providers should work closely with a 

nutrition professional to determine their patients’ best approach, method, and caloric 

needs [33]. 

All patients with diabetes or hyperglycemia should receive an individualized assessment. 

Most patients will generally receive adequate caloric needs with three daily meals. In 

addition, the metabolic need of patients with diabetes is usually provided by 25 to 35 

calories/kg, whereas some critically ill patients may need less than 15 to 25 calories/kg 

per day [34]. Therefore, a consistent carbohydrate meal planning system could help 

facilitate glycemic control and insulin dosing in the hospital setting. Most patients will 

require 1500-2000 calories per day with 12-15 grams of carbohydrates per meal [35]. 

Ideally, carbohydrates should come from low glycemic index foods, such as whole grains 

and vegetables. 

Enteral nutrition is the second best option after oral nutrition and should be preferred to 

parenteral nutrition in hospitalized individuals [36,37]. There are several advantages of 

enteral feeding over parenteral feeding, including low cost, low risk of complications, 

physiologic route, lower risk of gastric mucosal atrophy, and lower risk of infectious and 

thrombotic complications compared to the latter form of treatment [36,38].  

Enteral nutrition (EN) and parenteral nutrition (PN) can prevent the effects of starvation 

and malnutrition [36]. The preference for using EN over PN is due to a lower risk of 

infectious and thrombotic complications [38,39). Standard enteral formulas reflect the 

reference values of macro- and micronutrients for a healthy population and contain 1-2 

cal/ml. Most standard formulas contain complete proteins, lipids in the form of long-

chain triglycerides, and carbohydrates. Standard diabetes-specific formulas provide low 
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amounts of lipids (30% of total calories) combined with a high carbohydrate (HC) 

content (55-60% of total calories); however, newer diabetic formulas have replaced part 

of the carbohydrates with monounsaturated fatty acids (up to 35% of total calories) and 

also include 10-15 g / l of dietary fiber and up to 30% fructose [40,41]. Therefore, enteral 

diabetic formulas containing high- and low-carbohydrate monounsaturated fatty acids 

(LCHM) are preferable to standard high-carbohydrate formulas in hospitalized patients 

with type 1 and type 2 diabetes [40,42]. In a meta-analysis of studies comparing relatively 

new low-carbohydrate and (LCHM) enteral formulas with older formulas, the 

postprandial rise in blood glucose was reduced by 18-29 mg/dl with the newer formulas 

[42]. 

Macronutrients in type II diabetes mellitus 

Macronutrient distribution includes at least 30% of total calories from fats and of these, < 

7% should be saturated and up to 15% monounsaturated, with cholesterol intake < 200 

mg/day. As for HC, an intake of 50-60% of total calories is recommended, mainly 

complex, with an intake of simple sugars < 10%. In addition, fiber intake should be 14 g 

per 1000 cal, with a preference for soluble fiber. Finally, protein is suggested at 15% of 

total calories [43]. 

Of the macronutrients, certain protein amino acids and fatty acids stand out; 

carbohydrates are the main energy source in the healing process. [21].  

In the case of proteins, we find two amino acids related to the healing process: arginine 

and glutamine. Arginine participates in protein synthesis, cell signaling and proliferation, 

microvascular changes and tissue perfusion and collagen increase, in addition to 

increasing T cells and generating killer cells which are important factors in the immune 

response. Glutamine is an alternative energy source for rapidly dividing cells such as 

fibroblasts, epithelial cells and macrophages. In the fatty acid group, we find that they are 

an essential component of cell membranes that participate in tissue repair and wound 

healing by influencing inflammatory pathways. Omega-3 and alpha-lipidic acid have 

been the most studied fatty acids in the healing process, omega-3 especially intervenes in 

the reduction of inflammatory cytokines, reduction of platelet aggregation and intervenes 

in coagulation. Alpha-lipidic acid is a potent modulator of the inflammatory state of the 

wound [21]. 

Carbohydrates  

Carbohydrate quality is important in terms of glycemic index and fiber, and may have 

other health benefits; although carbohydrate quantity is an important predictor of 

glycemic response [44]; there is no definitive or conclusive evidence of an ideal 

macronutrient ratio for all patients with DM2, but the emphasis is placed on 

individualization of the eating plan [45,46], it is important to include carbohydrate-

containing foods, particularly cereals, fruits, vegetables, and low-fat milk in the diet of 

people with diabetes [46,47]. 

Recommendations regarding carbohydrate intake by the American Diabetes Association 

(ADA) 2014 

1.- Monitoring carbohydrate intake, either by carbohydrate counting or experience-based 

estimation, remains a key strategy for achieving glycemic control. 

2.- For good health, the intake of carbohydrates from vegetables, fruits, whole grains, 

legumes, and dairy products should be cautioned over the intake of other carbohydrates, 

especially those containing added fats, sugars or sodium. 

Glycemic index and glycemic load, substituting foods with a low glycemic load for foods 

with a high glycemic load can moderately improve glycemic control. 
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4.-Dietary fiber and whole grains. People with diabetes should consume at least the 

amount of fiber and whole grains recommended for the general public. 

5.-Substitution of starch by sucrose. At the same time, substituting sucrose-containing 

foods for isocaloric amounts of others. Although carbohydrates can have similar effects 

on blood glucose, consumption should be minimized to avoid displacing nutrient-rich 

food choices. 

Fructose consumed as “free fructose” (i.e., found naturally in foods such as fruits) may 

result in better glycemic control compared to isocaloric intake of sucrose or starch, and 

free fructose is not likely to have detrimental effects on triglycerides, as long as intake is 

not excessive (12% of energy). 

7.-The intake of any caloric sweeteners, including high fructose corn syrup and sucrose, 

should be limited or avoided to reduce the risk of weight gain and worsening of the 

cardiometabolic risk profile [2]. 

Glycemic index of foods 

A key factor in the food type for diabetes and related to the glycemic index identifies 

foods that raise blood sugar rapidly. This practical tool allows the selection of appropriate 

foods that have a much smaller effect on blood sugar levels [48]. The glycemic index (GI) 

measures the change in blood glucose after the ingestion of carbohydrate-containing 

foods [47]. The glycemic load (GL) more accurately reflects the glycemic effect and has 

been defined as the product of the GI of a particular food and the available carbohydrate 

content. Therefore, the potential glycemic effect of a meal can be altered by changing the 

GI or carbohydrate content, which affects the GL [44]. The amount of available 

carbohydrates in the diet is also a crucial consideration. Therefore, knowledge of food 

types (GI) is essential for rational advice on calorie recommendation [49]. The glycemic 

index is ranked from 1 to 100. Foods that raise blood glucose rapidly after meals are 

known as high GI foods and are assigned a value of 70 or more, medium GI = 56-69%, 

whereas foods that release glucose slowly into the bloodstream are known as low GI 

foods and their values are 55 and below [50,51]. Low GI foods reduce postprandial blood 

glucose levels and this knowledge can be used to recommend and plan meals for people 

with diabetes [52-53]. The type of food with a high GI rating should not be encouraged in 

the dietary plan for people with diabetes. However, meals with intermediate GI can be 

allowed in moderation. 

Fats 

They are the essential component of cell membranes that participate in tissue repair and 

wound healing by influencing inflammatory pathways. The most studied are omega-3, 

which plays a role in increasing inflammatory cytokines, platelet aggregation and 

coagulation intermediary, and alpha-lipidic acid, which functions as a modulator of 

inflammation [21]. 

The role of dietary fat has long been studied as a modifiable variable in the prevention 

and treatment of diabetes and in general, the type (quality) of fat is more important than 

the amount (quantity) of fat intake [45]. This is consistent with recommendations to limit 

the intake of saturated fat, a high-fat diet, and cholesterol in the diet as stipulated by the 

American Diabetes Association [35,47,48,54] and the American Heart Association [55]; 

Fat quality is generally specified by the relative content of saturated fatty acids (SFA), 

monounsaturated fatty acids (MUFA), and polyunsaturated fatty acids (PUFA), including 

the proportion or amount of essential fatty acids, i.e., linoleic acid ( LA) and alinolenic 

acid (ALA), as well as the proportion or amount of long-chain n-3 fatty acids (n-3 

LCPUFA), i.e., eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) [56].  

Fat is a problem for people with diabetes; the more fat in the diet, the more difficult it is 

for insulin to deliver glucose to the cells. Similarly, minimizing fat intake and reducing 
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body fat help insulin do its job much better [48]. In addition, fatty acids influence glucose 

metabolism by altering cell membrane function, enzyme activity, insulin signaling, and 

gene expression [57]; and fat-containing foods can affect the rise in blood sugar and 

produce a lower GI than similar foods without fat [58]. Recent evidence suggests that a 

diet rich in healthy fats and unsaturated fatty acids, such as the Mediterranean diet, may 

indeed prevent the development of metabolic diseases such as type 2 diabetes mellitus but 

also reduce cardiovascular events [59, 54].  

Proteins  

Dietary proteins are important modulators of glucose metabolism [60]. However, their 

role in diabetes remains a matter of debate. Protein-rich foods increase insulin secretion, 

leading to a decrease in postprandial blood glucose concentrations [60]. On the contrary, 

meta-analytical studies [54, 60, 61] demonstrated that total protein and animal protein 

intake were associated with a high risk of DM2. In foods rich in animal protein, red meat 

and processed meat were associated with a high risk of DM2, whereas total dairy, low-fat 

dairy, and yogurt were associated with a low risk of DM2, and egg and fish were not 

associated with a lower risk of DM2. In plant protein-rich foods, soy was associated with 

a low risk of DM2 [60-62]. From an individualized approach to protein intake and among 

people with renal failure, the ADA recommends reducing protein intake to 0.8-1.0 g/kg 

per day in the early stages of chronic kidney disease (CKD) and 0.8 g/kg per day in the 

later stages of CKD [63, 48]. 

Micronutrient Nutritional Deficiencies 

In patients with UPD, micronutrient deficiency is increasingly recognized as a factor in 

patients with poor wound healing, with inadequate micronutrients claimed to inhibit all 

levels of wound healing [21,64,65,66]. Despite often being seen as a high-calorie group, 

patients with UPD be at high risk for micronutrient deficiency. These present patient 

characteristics that can lead to poor nutrition since, during the wound healing process, 

adequate calories and nutrients are required to prevent wound complications; to achieve 

these nutrients, the body will have to draw on its reserves. The nutrient intake provided to 

maintain the body will be insufficient if an ulcer appears, resulting in a state of 

malnutrition. For this reason, some authors such as Gau et al. (2016), Brookes et al., 

Molnar et al. (2014), Gau (2016). They suggest that all patients with UPD should be 

considered malnourished until proven otherwise [19, 66,67]. 

Malnutrition is an important predictor of wound worsening and amputation [17, 19,14, 

65, 66]. For example, a recent study by Brookes (2019) [66] found statistically significant 

differences in albumin, hemoglobin and vitamin C levels between UPD patients who 

underwent amputation and those who avoided amputation. Similarly, in a study by Ponce 

(2017)[65], 99% of patients with UPD amputation presented hypoalbuminemia.  

Kulprachakarn (2017) [64] agreed that anemia is often a frequent problem in patients with 

UPD and added that the serum zinc level decreased significantly in patients with type 2 

diabetes with foot ulcers compared to those without ulcers. Gau (2016) [19] concluded 

that the amputation rate is eleven times higher in a group of malnourished patients (MNA 

<17) than in those who are not malnourished. Furthermore, an increase of 1 point was 

associated with a decrease in both major and minor amputations. The mean MNA score of 

the patients was “at risk for malnutrition,” which gradually decreased as the level of 

amputation increased.  

In the field of wound healing, it is claimed that there are immuno-nutrients, both at the 

macro and micro levels, that can somehow enhance the patient’s immune activity and 

improve the wound-healing process [68]. In addition, some micronutrients can prevent or 

attenuate peroxidative damage (usually produced by free radicals), which can potentially 

enhance healing [21, 64]. 
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Vitamins 

The intake of vitamins (A, B, C, D, E and K) and minerals (zinc, iron, magnesium, 

copper and selenium) is important and should be present in the diet of the patient with 

UPD [21, 23,69]. Vitamin A is necessary for fibroblast differentiation, increased wound 

tension forces, and reduced infection [21]. In addition, it enhances cellular immunity, 

with increased macrophage influx, inflammatory response and collagen synthesis [21,14]. 

This should be supplemented for 10 to 14 days; prolonged excessive intake can be toxic 

[14]; it has been found to stimulate epithelial growth, fibroblasts and ground substance 

and have an anti-inflammatory effect on open wounds. The literature supports a positive 

effect of supplemental vitamin A on acute wounds and the healing of fractures, burns, 

bowel, and radiation-induced injuries. Indeed, vitamin A appears to function as a 

hormone that alters the activity of epithelium, cells, melanocytes, fibroblasts, and 

endothelial cells through a family of retinoic acid receptors [70, 71, 72]. Wicke et al. 

(2000) found that vitamin A reversed the effect of steroids to decrease transforming 

growth factor beta (TGFb) and insulin-like growth factor-1 (IGF1) levels in the wound. In 

addition, it is involved in epithelial differentiation and proliferation, stimulation of 

angiogenesis, collagen synthesis and fibroplasia [73]. As far as vitamin B12 is concerned, 

it is directly related to peripheral nerve density and peripheral neuropathy [14]. Vitamin C 

is a potent antioxidant, performing the function of enzyme cofactor and chemical 

reductant in the healing process. It also participates in collagen synthesis and maintenance 

of the immune system with neutrophil migration and cell apoptosis [21, 74]. Vitamin C 

supplementation of 500 to 1000 mg/day accelerates wound healing daily in divided doses 

for optimal utilization. For patients with more severe wounds, such as burns over a large 

area, doses can be increased to 1-2 g/day [75]. 

They may be a good option as they are inexpensive, safe, and likely to improve healing 

[76]. Vitamin D has been shown to regulate the epithelial barrier’s structural integrity and 

transport functions, thus intervening in the healing process. Vitamin D supplementation 

for 12 weeks significantly reduced the duration of UPDs, their width and depth [77]. 

Vitamin D has various beneficial effects on UPDs, ranging from increased glycemic 

control to moderation of inflammation and recently has been suggested to improve 

diabetic foot wound healing. Vitamin E is responsible for controlling the acute response 

to injury and stability of cell membrane fats [21], which is also an antioxidant and 

regulates inflammatory reactions and cell apoptosis [21, 78]. Vitamin E supplementation 

for DM2 patients with low vitamin E levels and poor glycemic control significantly 

improved HbA1c and insulin levels (Afzali et al. 2019), stating that its excess may be 

detrimental to the increased risk of fibrosis and bleeding. (78) Vitamin K is an essential 

cofactor of coagulation factors and is involved in the hemostasis phase [21]. 

Minerals  

As (zinc, iron, magnesium, magnesium, copper and selenium) play an important role in 

the nutrition of the patient with UPD. Zinc is one of the most studied minerals in the 

common areas of nutrition and healing. This micronutrient is a cofactor of enzyme 

systems involved in metabolizing other micronutrients [21, 69] and cell division, protein 

synthesis and collagen deposition [14, 69]. In addition, it is involved in stimulating re-

epithelialization, is a potent neutrophil stimulant, is known as an antioxidant and 

collaborates in the maintenance of epithelial tissue hemostasis, cell division, protein 

synthesis and collagen deposition [69,79]. It plays an important role in the synthesis, 

insulin storage and altered pancreatic insulin content [79]. Few studies reported that zinc 

levels were significantly lower in patients with UPD than those without UPD [80]. 

Dorner et al. (2009) recommend zinc supplementation of up to 40 mg elemental zinc/day 

(176 mg zinc sulfate) for up to 10 days to improve wound healing if zinc deficiency is 

indicated [81], while Posthauer ME (2005) recommends higher doses, which are 220 mg 

zinc sulfate (50 mg elemental zinc) twice daily for two weeks [21,82]; the intake of zinc 

supplementation for 12 weeks among UPD patients was beneficial with effects on ulcer 
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size parameters. Zinc supplementation resulted in a significant increase in serum zinc 

levels (+ 12.7 ± 4.7 vs. - 3.5 ± 4.0 mg). It was associated with significant reductions in 

ulcer length and width [79]. Zinc replacement with 50 mg/day in a zinc-deficient patient 

optimized the healing process of UPD, but only proved beneficial in people with diabetes 

who are deficient. [76,79]. On the other hand, iron prevents anemia, optimizes tissue 

perfusion, and participates in collagen synthesis; it is important for hemoglobin formation 

for wound oxygenation and collagen synthesis [21, 69]. As for magnesium, it is known as 

a potent anti-inflammatory, as it improves glycemic control and insulin sensitivity in 

people with diabetes. It is an essential cofactor of carbohydrate and lipid metabolism 

enzymes and collaborates in synthesizing proteins and tissues in the healing process [78]. 

Magnesium is a cofactor in more than 300 enzymatic reactions, specifically in glucose 

phosphorylation processes, in which ATP utilization or transfer is necessary. Its 

deficiency is related to insulin resistance, HC intolerance and dyslipidemia. 

Hypomagnesemia in patients with type 2 DM is multifactorial; it is due to poor glycemic 

control, alterations in insulin metabolism, oxidative stress, inflammation, glycosuria, and 

decreased tubular reabsorption of magnesium, among others [43]. Some studies indicate 

that oral magnesium supplementation improves insulin sensitivity and reduces the risk of 

atherosclerosis in non-diabetic subjects, even with normal magnesium levels [82]. 

Supplementation for 12 weeks benefits sitting size, glucose metabolism, and serum C-

reactive protein levels. Subjects with low levels may respond better to supplementation 

[72]. Copper promotes angiogenesis and aids in synthesizing growth factors and 

extracellular matrix, and its deficiency leads to glucose intolerance, decreased insulin 

responsiveness and increased glucose, and it is associated with hypercholesterolemia and 

atherosclerosis [21, 43].  

It is also an enzyme cofactor involved in collagen cross-linking, erythropoiesis, immune 

response, growth factor induction, iron metabolism, hemoglobin synthesis, and vitamin C 

assimilation [69]. The maximum daily allowance is 1000 ug/day. Last but not least, 

selenium is an antioxidant and protector of peroxidation, being important in its 

supplementation in patients with UPD [21]. Selenium acts as an antioxidant, participates 

in signaling pathways and modifies hormone metabolism. Some studies show that 

glucose concentrations tend to normalize with selenium administration by modifying 

enzyme systems involved in hepatic glycolysis and gluconeogenesis without the need for 

insulin regulation, suggesting an insulin-like effect. Meanwhile, other studies show that 

high serum selenium concentrations are associated with a higher prevalence of DM. 

However, severe selenium deficiency is rare and in patients with DM increases oxidative 

stress, so supplementation in these cases is justifiable [43]. 

Currently, under extensive debate, most research indicates that micronutrient deficiencies 

due to inadequate intakes or low organ levels can be corrected with supplementation, 

considering that the above-physiologic supply of nutrients associated with wound healing 

does not confer an additional demonstrated clinical benefit and may negatively influence 

the healing response [21, 69, 64]. For this reason, before providing specific nutritional 

supplements, Molnar et al. (2014) suggest that appropriate assessments of the patient’s 

overall nutritional status and reasons for malnutrition should be obtained [67]. 

The International Working Group on the Diabetic Foot (IWGDF) [8], in its latest PD 

management guideline, states that “interventions aimed at correcting nutritional status 

including protein, vitamin, and trace element supplementation and pharmacotherapy with 

angiogenesis-promoting agents should not be used in preference to the best level of care 

in the pursuit of improved healing.” The ADA also does not specifically advocate 

nutritional supplementation in managing diabetes or its complications. However, they 

support healthy eating patterns and emphasize nutrient-rich foods in appropriate portions 

[80]. 
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Recommendations 

Establish a nutritional education program for patients whose objective is to establish a 

healthy and balanced diet and promote the cure of UPD. Caregivers should be included in 

this plan. These should be participants in the process, serving as support for their loved 

ones, which is visible in the results by improving the nutritional factor of patients. 

Patient monitoring will be necessary for adequate follow-up and measurement of the 

patient’s evolution [21]. 

Nutritional assessment, by developing a clinical-nutritional evaluation as part of wound 

management so that the patient’s nutritional status could be corrected [67].  

The Spanish Association of Vascular and Wound Nursing (AEVVH) emphasizes that in 

treating UPD it is important to detect and correct malnutrition and dehydration through a 

nutritional evaluation when assessing the patient. This should be done through nutritional 

tests and biochemical controls [20]. Verdú et al. (2011) and García Fernández et al. (2018) 

indicate that the risk of malnutrition is significant and should be performed both at the 

outpatient and inpatient level on admission and then systematically whenever there is a 

worsening of the wound [21,83].  

The Action Guide of the PD of the Canary Islands states that the assessment should be 

made when the patient does not show improvement [84], and the National Consensus 

Conference on Ulcers (CONUEI) states that it should be made when the patient is over 65 

years of age and the lesion has evolved for more than 60 days [85].  

The technical document number 12 on nutrition and wounds of the national group for the 

study and advice on pressure ulcers and chronic wounds (GNEAUPP) dictates that the 

assessment should be carried out employing a validated questionnaire that should be 

universal, early, simple to apply, based on the best possible scientific evidence and 

adaptable to the clinical circumstances of the patients such as age, sex and severity of the 

disease [21]. 
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