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Background and Obijectives: Micronutrient status encompasses a range of indicators that reflect the levels and
balance of macro- and microelements, as well as vitamins within the body. These essential substances, required in
minimal amounts, are crucial for supporting normal physiological processes, immune system functioning, and tis-
sue repair. The aim of this systematic review is to summarize data on the deficiency or excess of microelements,
macroelements, and vitamins in patients with diabetic foot ulcers. Methods and Study Design: Databases were
searched for studies on vitamin, macronutrient, micronutrient levels and their impact on the course, treatment and
healing of diabetic foot ulcers. The Cochrane Risk of Bias tool was employed for assessing randomized trials,
while the Newcastle-Ottawa Scale was utilized for evaluating observational studies in terms of quality and bias
risk. Results: The findings revealed a notable correlation between deficiencies in vitamins D, C, A and the se-
verity of clinical symptoms. Low vitamin D levels were linked to elevated proinflammatory cytokines. Higher
concentrations of folate and vitamin B-12 were associated with improved ulcer healing, supplementation with
zinc and magnesium contributed to a reduction in ulcer size. Inadequate intake of zinc, vitamins E, C was found
to compromise antioxidant defences. Elevated ferritin levels may serve as an indicator of inflammation. Conclu-
sions: The most important task is to adjust the intake of micronutrients to maintain balance and prevent deficien-

cy and excess, which is important in the complex therapy of patients.
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INTRODUCTION

Diabetes mellitus (DM), an endocrine disorder character-
ized by elevated blood glucose levels, is among the most
prevalent and swiftly expanding diseases globally. By
2045, it is expected to impact 693 million adults, repre-
senting a more than 50% rise from the number of cases
recorded in 2017. Patients with DM can develop a varie-
ty of complications, including chronic non-healing diabet-
ic foot (DFU). A diabetic foot refers to an infection, ul-
ceration, or tissue damage affecting the foot, often associ-
ated with neuropathy and/or peripheral arterial disease
(PAD) in the lower limbs.? DFUs are marked by a pro-
longed inflammatory phase, characterized by elevated
levels of neutrophils and macrophages within the wound
bed. This condition is accompanied by the continuous
release of proinflammatory cytokines such as interleukin
(IL)-1, 1L-6, tumor necrosis factor (TNF)-a, and plasma
C-reactive protein, while bacterial growth hampers the
healing process.® The consequences include considerable
pain and financial burdens for the patient, along with sig-
nificant repercussions for the patient's family, healthcare

providers, institutions, and society at large. Strategies
including preventive measures, patient and healthcare
education, combination therapy and close monitoring can
reduce the negative impact of DFU.*°

At the present time, there has been an increasing focus
on the significance of micronutrients in the prevention
and management of DFU. These micronutrients are cru-
cial for numerous physiological functions, such as im-
mune response, wound healing, and antioxidant protec-
tion. Deficiencies or imbalances of these substances can
disrupt these processes, which in turn can increase the
severity of DFU. Nutritional deficiencies can cause ab-
normal metabolic changes that slow down the wound
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healing process. Gaining a more profound insight into the
significance of micronutrients and products, along with
the appropriate application of medications in the wound
healing process, could result in the formulation of effec-
tive therapeutic strategies to promote the healing of dia-
betic wounds.®

METHODS

This systematic review was carried out following the
PRISMA guidelines, and the study protocol has been reg-
istered with PROSPERO (CRD42024593953)."

Search strategy and data sources

The systematic review concentrated on English-language
publications and studies released in the past decade
(2014-2024) to ensure the evidence remains pertinent.
We conducted a thorough search across three academic
databases: PubMed, Web of Science, and Scopus. The
primary terms and keywords utilized encompassed “mi-
cronutrient status,” “vitamin deficiency,” “mineral defi-
ciency,” “microelements,” “nutrient deficiency,” “diabet-
ic foot,” “diabetic foot syndrome,” “diabetic foot ulcers,”
“clinical features,” and “complications.” A combination
of keywords was employed, such as “vitamins,” “miner-
als,” “microelements,” “macroelements,” “nutrients,” and
“nutrient status.” Using Boolean operators, the following
search phrases were formulated: “micronutrient status”
AND “diabetic foot,” “vitamin deficiency” OR “mineral
deficiency” AND *“diabetic foot syndrome,” and “micro-
nutrients” AND “diabetic foot patients”. The search was
conducted on two occasions: once during the initial sys-
tematic review and again prior to final publication. Men-
deley software was used to manage and record the search
process, allowing us to organize the results and exclude
duplicates. In addition to the automated database search,
we manually reviewed the bibliographies of the selected
articles to identify additional studies and examined the
references of relevant articles to identify other relevant
studies.

Inclusion criteria: Individuals aged 18 years and older
who have been diagnosed with DFU due to type 2 diabe-
tes mellitus, irrespective of the stage or severity of the
condition. Studies must provide quantifiable outcomes,
including blood concentrations of micronutrients, indica-
tors of deficiency or insufficiency, the influence of mi-
cronutrient levels on the advancement and healing of
DFU, and the impact of deficiencies on the occurrence of
complications. Eligible study designs include randomized
controlled trials, cohort studies, or case-control studies.

Exclusion criteria: Studies focusing exclusively on
children and adolescents, animal or in vitro investiga-
tions, research that does not involve patients with DFU,
studies addressing different diabetic complications, inves-
tigations not pertaining to micronutrient status, studies
that do not provide quantitative data on micronutrients,
publications in languages other than English, as well as
reviews, commentaries, dissertations, reports, letters to
the editor, and conference abstracts lacking original data.
Additionally, clinical guidelines and methodological re-
sources are also excluded.

LI [LT]

Studies sections and data extraction

At the initial stage, three independent reviewers per-
formed a preliminary assessment based on titles and ab-
stracts. Only studies that met the established criteria were
considered for analysis. All duplicates were removed be-
fore the selection process. Following this initial assess-
ment, full texts of eligible articles were further assessed
for inclusion and exclusion criteria. All reasons for exclu-
sion were documented. If reviewers disagreed with the
inclusion of certain studies, a discussion was held to
reach a consensus. Once the compilation of included stud-
ies was completed, relevant data were collected from pub-
lications using a standardized data extraction form specif-
ically designed for systematic review. Extracted infor-
mation included authors, year, study type, inclusion and
exclusion criteria, study duration, sample size, number of
groups, gender distribution of participants, and number of
males and females. We used the Kappa statistic to assess
the consistency with which reviewers applied the inclu-
sion and exclusion criteria and to check the quality of
studies. This approach is intended to promote objectivity
and impartiality in the selection and evaluation of studies.
The assessment of quality and risk of bias was conducted
using the Cochrane risk of bias scale for randomized trials
and the Newcastle-Ottawa scale for observational stud-
ies.®

RESULTS

Search results

The initial search yielded 538 records from the databases.
Following the removal of duplicates and a review of titles
and abstracts, 149 full-text studies were evaluated for
eligibility. Out of these, 78 studies were excluded: 43
were descriptive reviews, 38 — animal studies, 19 — case
reports, 9 —series of cases, no full text available — 11. The
review encompassed 29 primary studies, with a total of
5,839 participants (Figure 1).

Study selection and characteristics

The systematic review encompassed seven randomized
double-blind placebo-controlled trials, seven cross-
sectional studies, one analytical observational study with
a cross-sectional design, three prospective cohort studies,
three case-control studies and two retrospective cohort
studies. Five studies were conducted in China, four each
in Australia and Iran, three each in the United States and
India, two studies in Greece, and one each in Bulgaria,
Indonesia, Denmark, Egypt, Saudi Arabia, Italy, Germa-
ny, and Nigeria. The number of participants ranged from
16 to 1721, of which 23 to 847 were men and 7 to 874
were women (Table 1).

Vitamin D

In the research conducted by Maggi et al. (2014), 14 par-
ticipants received an administration of 300,000 1U of vit-
amin D3, while 16 were assigned to a placebo group. The
initial prevalence of 25(0OH)D deficiency was notably
high, with 38% in the placebo group and 29% in the
treatment group, compared to 63% and 71% at baseline,
respectively. Following the administration of a single
dose of vitamin D3, a statistically significant increase in
blood levels of 25(0OH)D was observed at the 12-week
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Figure 1. PRISMA flowchart of study selection for the systematic review of micronutrient status in patients with diabetic foot.

mark (p=0.0015) compared to baseline. However, in the
past 24 weeks, the significance of the results had de-
creased (p=0.0046), although the levels of 25(OH)D re-
mained within the normal range: 50 nmol/L at 12 weeks
and 40 nmol/L at 24 weeks.®

In the study by Tiwari et al. (2014) 112 patients diag-
nosed with DM and foot infections, as well as 107 pa-
tients without infections. Vitamin D deficiency was iden-
tified in 71.4% of those with DFU and in 61.6% of the
control group. Severe vitamin D deficiency was more
prevalent among the infected patients compared to those
in the control group, with rates of 48.2% and 20.5%, re-
spectively. Patients exhibiting 25-hydroxyvitamin D lev-
els of 25 nmol/L demonstrated significantly elevated lev-
els of IL-1b and IL-6 when compared to patients with
vitamin D levels at 50 nmol/L.%°

In the study by Afarideh et al. (2016), the level of
25(0OH)D was the only factor independent of DFU (OR
2.194; 95% CI 1.003, 4.415). The authors suggest that a
sharp increase in the content of 25(OH)D in the blood in
chronic active DFU may be associated with changes in
the inflammatory status. It is believed that 25(OH)D and
IL-8 have common mechanisms in the pathogenesis of
diabetic foot.1!

The research by Razzaghi et al. (2017) demonstrated
that a 12-week regimen of vitamin D supplementation led

to a substantial decrease in ulcer dimensions: the length
reduced from -2.1 +1.1 to -1.1+1.1 cm (p< 0.001), the
width from -2.0£1.2 to -1.1+1.0 cm (p< 0.02), and the
depth from -1.0+0.5 to -0.5+0.5 cm (p< 0.05). In compar-
ison to the placebo group, those receiving vitamin D sup-
plementation exhibited a notable increase in blood levels
of 25-hydroxyvitamin D (12.9+10.0 vs. -1.8+£15.7 ng/mL,
p< 0.05).1?

He et al. (2017) discovered that patients suffering from
diabetic peripheral neuropathy (DPN) exhibited notably
lower serum 25(0OH)D levels (15.59+7.68 ng/mL) and a
considerably higher rate of vitamin D deficiency (80%) in
comparison to those showing signs of DPN (17.66+7.50
ng/mL; 64.5%) and individuals without this condition
(18.356.60 ng/mL; 61.7%) (all p<0.01).%

In the research by Feldkamp et al. (2018), the levels of
25-hydroxyvitamin D3 were found to be significantly
higher (p<0.01) in patients with DM compared to those
with DFU, but lower (p<0.01) than those in healthy con-
trols. Among the 88 patients with DFU, a substantial
84.6% exhibited 25-hydroxyvitamin D3 levels below 20
ng/mL. Additionally, 55.8% of these patients demonstrat-
ed a notable deficiency in 25-hydroxyvitamin D3. Only
12% of the patients (n=16) managed to attain levels ex-
ceeding 20 ng/mL.1*
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Table 1. Characteristics of studies included in the systematic review

Row  Authors Year Country Study design Inclusion criteria
(Defined by authors)
1 Stefania Maggi et al.® 2014 Italy Randomized, double-blind, placebo-  Outpatients from the Diabetic Foot Unit of the Policlinico Abano Terme (PD) who were 60 or
controlled trial older with type 2 diabetes mellitus and diabetic foot complications
2 Shalbha Tiwari et al.*° 2014 India
3 Mohsen Afarideh et al . 2016 Iran Cross-sectional study Willing to participate and were diagnosed with type 2 diabetes as per the American Diabetes
Association criteria
4 Reza Razzaghi et al.*? 2017 Iran Randomized, double-blind, placebo-  Grade 3 DFU aged 40-85 years who referred to the Shahid Beheshti Clinic in Kashan, Iran
controlled trial
5 Shalbha Tiwari et al.*° 2014 India
6 Mohsen Afarideh et al . 2016 Iran Cross-sectional study Willing to participate and were diagnosed with type 2 diabetes as per the American Diabetes
Association criteria
Row  Authors Exclusion criteria Duration of the ~ Sample Number Male Female Vitamins, micronutrients,
study size of groups macronutrients
1 Stefania Maggi et al.® Patients with previous or current tumoral disease with less than 30 2 23 7 Vitamin D3
1-year quoad vitam prognosis, with severe chronic or auto-
immune inflammatory diseases, vitamind3 contra-indications
(chronic renal failure, renal lithiasis, hypercalcemia, hypercalciu-
ria, allergy to calciferol or excipients), gastrointestinal disorders
which impair drug absorption or receiving bone-active agents or
antithrombotic therapy
2 Shalbha Tiwari et al.2? Patients exhibiting clinical evidence of vascular insufficiency or 2 219 148 71 Vitamin D
taking immune-suppressants, multivitamins and Ca supplements
3 Mohsen Afarideh et al . Type 1 diabetes, class I1l/IV heart failure according to the New January 2014 - 90 3 Vitamin D
York Heart Association, inflammatory or infectious diseases, September
autoimmune and rheumatic diseases, malignancy, hematological 2014
diseases, pregnancy, severe renal or liver failure/cirrhosis, history
of surgical and angioplasty interventions and treatment with anti-
inflammatory drugs, immunosuppressants and vitamin D sup-
plements
4 Reza Razzaghi et al.*? Pregnant and breast-feeding patients, participants who consumed November 60 2 44 16 Vitamin D
vitamin D supplements during the past 3 months, anticipated 2015 - January
changes in medications throughout the study and patients with 2016
history of diseases which influence the development of DFU
including chronic trauma
5 Shalbha Tiwari et al.1° 306 3 Vitamin D3
6 Mohsen Afarideh et al.!? Type 2 diabetic patients with the Hansen disease or varicose September 176 2 88 88 Vitamin D
veins or peripheral arterial diseases, patients on vitamin D or 2012 - June
calcium supplementation or on drugs that interfere with vitamin 2014

D metabolism, patients with infections in sites other than the foot
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Table 1. Characteristics of studies included in the systematic review (cont.)

Row  Authors Year Country Study design Inclusion criteria
(Defined by authors)
7 Robert M Greenhagen et 2019 USA A retrospective review of Patients aged 18 years and older who underwent surgery on the foot and ankle joint with
al.t charts the same surgeon
8 Guilherme Pena et al.Y’ 2020 Australia Prospective cohort study Age >18 years, able to have follow-ups and presence of foot ulcer
9 John Deakin Lees Brookes et 2020 Australia Retrospective cohort analysis  The presence of a diabetic foot, hospitalization during a set period, and testing of 3 or more
al.' nutrition markers of interest
10 Jiezhi Dai et al.*® 2020 China Prospective study Patients who have been diagnosed with type 2 diabetes based on diagnostic criteria
11 Weiwei Tang et al.® 2022 China Only patients aged >18 years
12 Fenglin Wang et al.?* 2022 China Case-control study Age over 18 years, diagnosis of diabetes
Row  Authors Exclusion criteria Duration of the Sample Number Male Female  Vitamins, micronutrients,
study size of groups macronutrients
7 Robert M Greenhagen et 100 2 56 44 Vitamin D3
a|.16
8 Guilherme Pena et al.'’ February 2017 - 131 104 27 Vitamin A, vitamin C, vit-
September 2018 amin D, vitamin E, copper,
zinc, ferritin
9 John Deakin Lees Brookes et October 2017 - 48 41 7 Vitamin C, vitamin D, vit-
al.1® November 2017 amin B12, zinc, selenium,
iron
10 Jiezhi Dai et al.*® Type 1 diabetes mellitus, thyroid diseases, rheumatological, January 2019 - 51 2 29 22 Vitamin D
severe hepatic, cardiac, renal insufficiency and malignant neo-  October 2019
plasms, pregnant women and patients who have taken vitamin
D supplements in the last 6 months
11 Weiwei Tang et al.?° Other types of diabetes, pregnant or lactating women, with January 2012 - 1721 2 groups 847 874 Vitamin D
acute complications of diabetes or other stressful conditions December 2019 and 4
such as surgery and trauma, with rheumatological, serious subgroups

disorders of liver, heart, kidney function, malignant neoplasms
and endocrine diseases affecting vitamin D metabolism
12 Fenglin Wang et al.? Severe impairment of consciousness or poor general condition January 2019 - 429 2 276 153 Vitamin D
complicated by a malignant tumor, serious heart, liver and October 2021
kidney failure, a history of diseases affecting the level of 25-
OH-vitamin D in the blood serum, such as diseases of the thy-
roid gland and parathyroid glands, osteoporosis and bone frac-
tures, and a history of medications affecting the level of 25-
OH-vitamin D in the blood serum, such as calcium, vitamin D,
oral contraceptives, glucocorticoids and so on
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Table 1. Characteristics of studies included in the systematic review (cont.)

Row  Authors Year Country Study design Inclusion criteria
(Defined by authors)
13 Ani S Todorova et al.?? 2020 Bulgaria Cross-sectional study
14 Mufqi Handaru Priyanto et 2023 Indonesia Analytical observational study witha  Patients who wished to participate in the study signed a consent form for the study,
al. cross-sectional design aged > 18 years, met the diagnostic criteria for type 2 diabetes
15 Ying Tang et al.? 2023 China The duration of the ulcer is from four weeks or longer, the ulcer area is 2-20 cm2
and 2-4 degrees according to Wagner, the ankle-shoulder index was 0.4-0.9, and
type 2 diabetes mellitus was diagnosed
16 Sofia Tsitsou et al.® 2023 Greece Cross-sectional study The presence of an active ulcer, regardless of its classification, localization, chro-
nicity and the presence or absence of infection
17 Peter M Halschou-Jensenet 2021 Denmark Randomized, Parallel, Double-Blind Patients with diabetes and with 1 or more ulcers of the foot or lower leg without
al.?® and Controlled Trial complete healing for more than 6 weeks
Row  Authors Exclusion criteria Duration of the Sample Number Male Female  Vitamins, micronutrients,
study size of groups macronutrients
13 Ani S Todorova et al.? Vitamin D supplementation, estimated glomerular filtration July 2018 - March 242 2 groups 140 102 Vitamin D
rate (eGFR) <45 mL/min/1.73 m2, type 1 diabetes, pregnan- 2020 and 2
cy, and diabetic ketoacidosis subgroups
14 Mufqgi Handaru Priyanto et Patients who took vitamin D supplements during the last 1  November 2020 - 81 2 32 49 Vitamin D
al.? month and had concomitant diseases: systemic infection, May 2021
autoimmune diseases and rheumatism, malignant neoplasms,
end-stage renal failure (hemodialysis) and severe liver dis-
ease
15 Ying Tang et al * Bedridden for a long time, acute complications associated January 2019 - 356 3groups2 199 157 Vitamin D
with diabetes, severe dysfunction of the heart, liver and kid- January 2021 subgroups
neys, wound ulcer, parathyroid disease, autoimmune diseas-
es, taking any drugs that affect the level of 25 (OH) VD in
serum, such as calcium, vitamin D, oral contraceptives and
glucocorticoids etc., severe septicemia
16 Sofia Tsitsou et al.® Pregnancy, lactation, liver and kidney failure, malabsorption ~ September 2019 - 96 3 72 24 Vitamin D
and intake of vitamin D supplements January 2020
17 Peter M Halschou-Jensen et Pregnancy/breastfeeding, taking vitamin D at a dose of more  April 2016 - July 48 2 40 8 Vitamin D
al.? than 20 mcg per day or having a history of diseases affecting 2018

vitamin D metabolism, granulomatous diseases such as tu-
berculosis, sarcoidosis or silicosis, hypercalcemia, impaired
renal function (creatinine >150 mmol/l and/or eGFR
<40 ml/min), liver failure (ALAT >70 u/l), bone diseases, for
example osteogenic sarcoma, skin tumors, drug treatment of
epilepsy, uncontrolled arterial hypertension (>150/100
mmHg), the need for surgical treatment or vascular surgery,
patients with critical ischemia, sepsis or ulcers that required
surgical treatment at the first visit, patients with irregularly
shaped wounds between the toes
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Table 1. Characteristics of studies included in the systematic review (cont.)

Row  Authors Year Country Study design Inclusion criteria
(Defined by authors)
18 Reham Hammad et al.?’ 2023 Egypt The presence of diabetes mellitus from medical records
19 Mutasem Ababneh et al.?8 2024 Saudi Arabia Cross-sectional study 18- to 75-year-old individuals having T2D with foot ulcers
20 Jenny E Gunton et al.?° 2020 Australia Randomized, Double-Blind, Placebo-  Adults who went to the high-risk foot clinic at Westmead Hospital and who cur-
Controlled Trial rently had a foot ulcer
21 Khanh Phuong S Tong et 2022 USA Cross-sectional study Male or female patients aged 18 years and older
a|.30
22 Hailey R Donnelly et al 3! 2023 Australia Prospective cohort study
Row  Authors Exclusion criteria Duration of the Sample Number Male Female Vitamins, micronutrients,
study size of groups macronutrients
18 Reham Hammad et al.?’ A history of cancer, liver, kidney or autoimmune diseases, 90 2 57 33 Vitamin D3
type 1 diabetes mellitus, patients with diabetic foot associated
with infection, from the second to the fifth degree according
to the Meggitt—-Wagner classification, patients with type 2
diabetes mellitus with morbid obesity (body mass index
[BMI] > 35 kg / m22)
19 Mutasem Ababneh et al.?® Pregnant and breastfeeding patients, those unable to ambu- February - May 88 66 22 Vitamin D, vitamin B12,
late, illiterate, severely affected by mental illnesses or malig- 2022 folic acid, ferritin
nant disease, and other related issues, which could hinder the
completion of a written questionnaire
20 Jenny E Gunton et al.?° Inability to give informed consent due to cognitive or lan- January 2018 - 16 2 Vitamin C
guage problems, the decision to amputate at the first visit March 2019
21 Khanh Phuong S Tong et Active wound infection, untreated osteomyelitis, gangrene, July 2019 - De- 42 2 35 7 Vitamin C
al.%° immunodeficiency diseases, the presence of multiple diabetic cember 2019
foot ulcers, dementia or cognitive impairment, as well as a
history of current cancer
22 Hailey R Donnelly et al .3 2017 - 2020 115 94 21 Vitamin C, vitamin A, vit-

amin E, vitamin B12, zinc,
sodium
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Table 1. Characteristics of studies included in the systematic review (cont.)

Row  Authors Year Country Study design Inclusion criteria
(Defined by authors)

23 Joseph V Boykin Jr et al.3? 2020 USA Retrospective cohort study The early stage of a diabetic foot ulcer should not have a surface depth (i.e. with-
out open fascia, tendons or bones), in the examined wound in the anamnesis there
should be no signs of concomitant cellulite of the lower extremities, osteomyelitis
or gangrene in the wound area, documented compliance with recommended meth-
ods of treatment of wounds associated with diabetic foot and wound relief therapy,
subsequent examination and drug treatment, the presence of non-invasive segmen-
tal Dopplerography for the examined ulcers on the lower limb, the presence of
chronological records of measurements of the wound area (cm2) (length xwidth),
allowing to determine the approximate area of the wound based on clinical obser-
vations for 4-week periods before and after the start of treatment with high doses
of folic acid

24 Charu Yadav et al.* 2020 India Case-control study Outpatients and inpatients attending the podiatric clinic and the diabetes clinic of
the institutional constituent hospitals

25 Mansooreh Momen-Heravi 2017 Iran Randomized, Double-Blind, Placebo-  Patients with grade 3 DFU according to "Wagner-Meggitt’s" criteria aged 40-

etal.® Controlled Trial 85 years who referred to the Shahid Beheshti Clinic in Kashan, Iran

Row  Authors Exclusion criteria Duration of the Sample Number Male Female Vitamins, micronutrients,

study size of groups macronutrients

23 Joseph V Boykin Jr et al.3? Taking platelet growth factor before treatment with high November 2018 - 52 Folic acid

doses of folic acid, bioengineered human skin substitutes or ~ April 2019
wound treatment with negative pressure; at the same time,
the appointment of any changes in medications to control
glycemia or replace medications for the treatment of cardio-
vascular diseases (for example, hypertension, CHF, COPD)
within 1 month after the start of taking high doses of folic
acid, chemotherapy, immunosuppressive treatment, biologi-
cal or antimalarial therapy within 1 month after treatment
with high doses folic acid, reduction of the wound area by
more than 50% 4 weeks before the start of treatment
24 Charu Yadav et al.* Chronic kidney disease, liver ailments, malignancy and/or 64 Zinc, copper, magnesium
microvascular complications revealed by history taking, rou-
tine clinical and biochemical examinations were excluded
from the study, pregnant and lactating women, chronic smok-
ers and alcoholics
25 Mansooreh Momen-Heravi Pregnant and breastfed patients, participants who consumed August 2015 - 60 2 42 18 Zinc

et al.3®

zinc supplements during past 3 months, change in consuming
medications throughout the study and patients with history of
diseases which influence the development of DFU including
chronic trauma

November 2015
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Table 1. Characteristics of studies included in the systematic review (cont.)

Row  Authors Year Country Study design Inclusion criteria
(Defined by authors)
26 Hassan Afzali et al.® 2019 Iran Randomized, Double-Blind, Placebo-  Patients with grade 3 DFU according to “Wagner-Meggitt’s” criteria, aged 40-85
Controlled Trial years who were referred to the Shahid Beheshti Clinic in Kashan, Iran
27 Elizabeth Bosede Bolajoko 2017 Nigeria Case-control study Males and nonpregnant and nonlactating females between the ages of 40 and 60
etal.¥ years, participants with Wagner’s Grade 2 ulcer classification (i.e. ulcer involving
ligament, tendon, joint capsule, or fascia but no abscess or osteomyelitis)
28 Triantafyllos Didangelos et 2021 Greece Prospective, double-blind, placebo- Adults (>18 years old) with DM2 and established DN, both peripheral and auto-
al.% controlled trial nomic (DPN and DAN, respectively), having a good glycemic control (glycated
hemoglobin (HbAlc) between 6.5 and 7.5%) that was stable in the last year before
participating in the study, having metformin treatment for at least 4 years, low
vitamin B12 levels according to suggested normal values for DM2 patients over 60
years old (<400 pmol/L)
29 Rui He et al.®® 2016 China Cross-sectional study
Row  Authors Exclusion criteria Duration of the Sample Male Female Vitamins, micronutrients,
study size macronutrients
26 Hassan Afzali et al.® Pregnant and breastfed patients, participants who consumed November 2017 - 57 45 12 Vitamin E, magnesium
magnesium, vitamin E or other antioxidative supplements September 2018
during past 3 months, taking anti-inflammatory agents,
change in consuming medications throughout the study and
patients with history of diseases which influence the devel-
opment of DFU including chronic trauma
27 Elizabeth Bosede Bolajoko Gangrene or severely impaired arterial supply in their feet, 120 Vitamin C, vitamin E, cop-
etal.¥ bone infection in their ulcers, or immediate risk of major per, manganese, zinc
above ankle/knee amputations, participants with renal, liver,
and cardiac problems or impairment such as hypertension and
other complications of DM or comorbid diseases
28 Triantafyllos Didangelos et Pernicious anemia, alcoholism, gastrectomy, gastric bypass January 2018 - 90 48 42 B12
al.% surgery, pancreatic insufficiency, malabsorption syndromes, February 2020
chronic giardiasis, acute infection or cardiovascular event in
the last 6 months, surgery involving the small intestine, or
HIV infection.
29 Rui He et al.13 Patients with type 1 diabetes mellitus or specific types of January 2014 - 861 502 359 Vitamin D
diabetes mellitus, acute complications of diabetes, osteoma- November 2014

lacia, history of cerebral infarction, degenerative changes in
cervical vertebra and parathyroid conditions including hy-
perparathyroidism and hypoparathyroidism and patients re-
ceiving oral vitamin D supplement
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In the study by Danny Darlington et al. (2019) involv-
ing patients with DFU who experienced adverse out-
comes such as amputation or death, 97% were found to
have low vitamin D levels, with an average concentration
of 17.05 ng/mL. This finding was statistically significant
(p<0.001) when compared to 59.18% of patients who
underwent grafting or achieved wound healing. Among
patients receiving treatment for foot infections lasting less
than six months, 78.9% exhibited normal vitamin D lev-
els (p=0.0006)."

In the research by Greenhagen et al. (2019), the average
serum vitamin D3 concentration across the entire cohort
was found to be 20.96 ng/mL, suggesting that the levels
were insufficient. Specifically, 55% of the participants
exhibited a deficiency in vitamin D, while 24% were
classified as insufficient, and 21% maintained adequate
vitamin D3 levels in their blood. There was a significant
trend indicating lower vitamin D3 levels (p=0.05) among
patients with neuropathy when compared to those without
the condition (p=0.05).1

In a cohort study by Pena et al. (2020), 131 patients
with DFU were examined. The findings revealed that
vitamin D deficiency was the most prevalent nutritional
deficiency, affecting 55.7% of the participants.t’

A retrospective cohort study by Brookes et al. (2020)
included 48 patients, among whom 57.9% (n=22) were
found to have low levels of vitamin D, with an average
concentration of 46.3 + 8.3 nmol/L.%8

In the research by Dai et al. (2020), it was found that
the levels of 25-OH vitamin D were significantly lower in
patients suffering from DFU compared to the control
group (p=0.0001). All individuals with DFU exhibited a
deficiency in 25-OH vitamin D, with 9 patients classified
as having severe deficiency. Among the 30 patients diag-
nosed with DM, 23 (76.67%) demonstrated a deficiency
in 25-OH vitamin D; none of these patients were identi-
fied as having severe deficiency.'®

In the research by Tang et al. (2022), it was observed
that the prevalence of vitamin D deficiency was signifi-
cantly greater in the DFU group compared to the non-
DFU group, with rates of 77.51% versus 59.2% (p< 0.05).
The average level of 25-hydroxyvitamin D across the
entire population was recorded at 42.03 nmol/L, with the
DFU group exhibiting lower levels than their non-DFU
counterparts: 35.80 nmol/L compared to 45.48 nmol/L
(p< 0.05). Patients who maintained poor blood glucose
control had diminished 25-OH-vitamin D levels at 40.98
nmol/L, as opposed to those who achieved good control,
who had levels of 44.82 nmol/L (p=0.01).%°

In the research by Wang et al. (2022), it was observed
that among patients without DFU, 74.33% were vitamin
D deficient, 21.93% had vitamin D insufficiency, and
3.74% maintained adequate vitamin D levels. Conversely,
in the cohort of patients with DFU, 86.78% exhibited
vitamin D deficiency, 9.91% were found to be insuffi-
cient in vitamin D, and 3.31% had sufficient vitamin D
levels.?

In the research by Todorova et al. (2022), a mere 2.9%
of participants demonstrated adequate levels of 25(OH)D,
while 14.5% exhibited insufficient levels and a substan-
tial 82.6% were found to be deficient. 37.2% of the par-
ticipants recorded 25(0OH)D levels below 10 ng/mL. The

overall mean level of 25(OH)D across the entire study
group was 12.6 ng/mL. Among patients with DFU, the
25(0OH)D levels were significantly lower compared to
those without DFU, measuring 11.6 ng/mL versus 13.5
ng/mL (p=0.001). Furthermore, within the DFU cohort,
the 25(OH)D levels were markedly lower when compared
to the subgroup without complications (p=0.001), as well
as between the subgroup with diabetic polyneuropathy
and those without complications (p=0.031).%

The analytical study by Priyanto et al. (2023) revealed
that vitamin D levels in patients with DM and DFU were
significantly lower (8.90 ng/mL) compared to those with-
out DFU (16.25 ng/mL), with a p-value of 0.001.2%

Similarly, Tang et al. (2023) found that the blood levels
of 25 (OH) vitamin D in patients with DFU were marked-
ly lower than in those with DM, measuring 10.3 ng/mL
versus 15.7 ng/mL, respectively, with a p-value of 0.002.
These findings indicate a notable rise in the prevalence of
vitamin D deficiency and insufficiency among DFU pa-
tients as the Wagner score increases (x?=40.31, p<0.001).
Additionally, it was observed that the severity of infection
correlates with a higher likelihood of encountering vita-
min D deficiency and insufficiency in this condition
(x*=23.86, p<0.001).24

In the research by Tsitsou et al. (2023), the assessment
of vitamin D levels among healthy participants revealed
that 82.1% exhibited sufficient levels, while 17.9% were
classified as insufficient, and none were identified with
abnormal levels. For patients without DFU, the distribu-
tion was 48.6% sufficient, 42.9% insufficient, and 8.6%
abnormal. Among patients with DFU, 42.4% sufficient,
45.5% insufficient, and 12.1% abnormal (p=0.019).%

In the study by Halschou-Jensen et al. (2023), partici-
pants were assigned to receive either a high daily dose
(170 ng) or a low daily dose (20 ug) of cholecalciferol.
The initial serum 25(OH)D levels were recorded as
54.8+23.8 for the high-dose group and 55.2+28.4 for the
low-dose group (p=0.947). Throughout the study, patients
underwent surgical interventions. The average concentra-
tion of 25(OH)D for patients with healed DFU was
54.75+24.27, compared to 56.96 + 35.85 for those with-
out DFU (p=0.738). The authors concluded that high dos-
es of vitamin D significantly enhanced the likelihood of
recovery (adjusted OR 4.11, 95% CI 1.11-17.29).%

Hammad et al. (2023) reported that individuals with
DFU and PAD exhibited significantly lower counts of
non-classical monocytes and reduced levels of vitamin
D3 compared to those without PAD. A positive correla-
tion was noted between the percentage of non-classical
monocyte counts and vitamin D3 levels (r=0.4, p<0.05).2

In a study conducted by Ababneh et al. (2024), which
included 66 men and 22 women, vitamin D deficiency
emerged as the most prevalent nutritional deficiency, af-
fecting 43.2% of the participants.?®

Vitamin C

Brookes et al. (2020) found that 58.7% (n=27) of patients
exhibited low vitamin C levels, with an average concen-
tration of 22.6+5.8 umol/L. Notably, there were statisti-
cally significant differences in albumin, hemoglobin, and
vitamin C levels when comparing the amputation and
non-amputation groups. The mean vitamin C level among
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patients who underwent amputation was 15.7 (14.5)
umol/L, whereas it was 28.4 (14.1) umol/L for those who
did not undergo amputation (p < 0.01). Furthermore,
33.3% of patients in the amputation group had low vita-
min C levels, in contrast to 76% of patients receiving
conservative management, who had critically low vitamin
C levels.’®

In the research by Gunton et al. (2021), participants
were divided into two groups: one received a daily dose
of 500 mg of vitamin C in sustained-release capsules,
while the other group was administered an inactive con-
trol (glucosamine sulfate capsules at a dose of 1000 mg).
Notably, half of the participants were found to be vitamin
C deficient at the start of the study. After an 8-week peri-
od, the reduction in ulcer size was markedly more pro-
nounced in the vitamin C group compared to the glu-
cosamine group, which showed a reduction of only 14%
(p=0.041). The average time required for a 50% healing
of ulcers was significantly less for those receiving vita-
min C, with a median of 20 days, versus 48 days for the
glucosamine group (p=0.028). All ulcers in the vitamin C
group healed without necessitating amputation.?°

In the research conducted by Tong et al. (2022), the
prevalence of vitamin C deficiency was found to be
41.8% among patients suffering from DFU, whereas the
control group, which did not have diabetes or ulcers, ex-
hibited no deficiency. Furthermore, vitamin C levels were
significantly lower in the poorly controlled HbAlc pa-
tients compared to the non-diabetic control group
(p=0.002). The average vitamin C level in the control
group was recorded at 0.8 mg/dL (0.4), while patients
with controlled HbAlc showed a mean value of 0.7
mg/dL (0.7), and those with uncontrolled HbAlc had a
mean of 0.4 mg/dL (0.3). The group with poorly con-
trolled HbAlc exhibited larger wound sizes than those
with well-controlled HbA1lc (p=0.46).%°

As per widely recognized guidelines, the recommended
daily intake of vitamin C is 90 mg for men and 75 mg for
women. However, a prospective cohort study by Donnel-
ly et al. (2023) involving 115 participants with active
forms of DFU revealed that only 26% of the participants
adhered to these dietary recommendations.3

Vitamin A
A study by Pena et al. (2020) revealed that plasma vita-
min A levels in 131 patients suffering from DFU were
found to be the second most deficient, following vitamin
D. Approximately 27% of the patients maintained normal
levels of vitamin C, while the remainder exhibited subop-
timal or low concentrations of this vitamin in their
blood.Y

In a separate study by Donnelly et al. (2023), it was ob-
served that participants surpassed the recommended daily
intake levels for both vitamin A and sodium. Specifically,
the recommended intake for vitamin A is set at 700
mcg/day for women and 900 mcg/day for men. Actual
consumption was significantly higher, with women aver-
aging 996.7 mcg/day (SD=564.2) and men averaging
1124.0 mcg/day (SD=1128.5).%

Vitamin B-9

In a study conducted by Boykin et al. (2020), 29 patients
diagnosed with early DFU administered high doses of
folic acid. The results indicated that 90% of the partici-
pants experienced complete healing of their ulcers within
the study duration. The average serum folate level in this
cohort was reported at 192 ng/mL, with individual levels
ranging from 87 to 301 ng/mL. The mean concentration
of vitamin B-12 was found to be 2810 pg/mL, with values
spanning from 1375 to 4779 pg/mL.*

In another investigation by Ababneh et al., which ex-
amined micronutrient status in 88 DFU patients, a statisti-
cally significant difference was observed between those
with cardiovascular diseases and folic acid levels
(p=0.041). The prevalence of folic acid deficiency in this
group was recorded at 12.5%, with normal levels ranging
from 10.4 to 42.4 nmol/L. Normal ferritin values are typi-
cally between 30 and 400 mg/L, low ferritin levels were
noted in 29.5% of patients.?®

Vitamin B-12

In a prospective, double-blind, placebo-controlled trial
conducted by Didangelos et al. (2021), 90 patients diag-
nosed with type 2 diabetes, who had been using metfor-
min for a minimum of four years and were experiencing
peripheral and autonomic neuropathy, were randomly
divided into two groups: an experimental group (n=44)
that received vitamin B-12 and a control group (n=46)
that received a placebo. At the start of the study, all par-
ticipants had baseline vitamin B-12 levels below 400
pmol/L. In the experimental group, vitamin B-12 levels
rose significantly from 232.0£71.8 pmol/L at baseline to
776.7+242.3 pmol/L during the control phase (p<0.0001),
whereas no significant changes were noted in the control
group.33

Minerals

In the research by Yadav et al. (2020), an assessment of
mineral levels revealed a statistically significant decrease
in serum zinc (p=0.000), copper (p=0.000), and magnesi-
um (p=0.032) in patients with DFU when compared to
those without DFU (p<0.05). The reference ranges for
these minerals in a healthy non-diabetic population are as
follows: serum zinc at 60-120 ug/dL, copper at 80-155
ug/dL, and magnesium at 1.8-2.6 mg/dL. Correlation
analyses indicated an inverse relationship between these
minerals and glycemic indices, with zinc exhibiting the
strongest association in both groups.3*

In the research by Momen-Heravi et al. (2017), the first
group received zinc sulfate supplements at a dosage of
220 mg, which included 50 mg of elemental zinc, while
the second group was given a placebo. The results indi-
cated that zinc supplementation led to a notable increase
in serum zinc levels (+12.7+4.7 vs. -3.5+4.0 mg/dL,
p<0.001) compared to the placebo group. After 12 weeks
of treatment, those receiving zinc demonstrated a signifi-
cant decrease in both ulcer length (-1.5+0.7 vs. -0.9£1.2
cm, p=0.02) and width (-1.4+0.8 vs. -0.8+1.0 cm,
p=0.02).%

In the study by Brookes et al. (2020), the average zinc
level among a cohort of 48 patients with DFU was rec-
orded at 10.6 £ 1.8 umol/L, which is below the recom-
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mended range of 12 to 20 umol/L.16 Additionally, Pena
et al. (2020) found that patients experiencing more severe
foot conditions were likely to have lower zinc levels
(p=0.05).1

In the research by Afzali et al. (2019), the administra-
tion of magnesium and vitamin E supplements resulted in
a significant decrease in ulcer dimensions: length ( -0.56
cm; 95% CI, -0.92, -0.20; p=0.003), width (B -0.35 cm;
95% ClI, -0.64, -0.05; p=0.02), and depth (B -0.18 cm;
95% Cl, -0.33, -0.02; p=0.02) when compared to a place-
bo group.®

Meanwhile, the study by Donnelly et al. (2023) identi-
fied that 37% of the 115 participants had inadequate zinc
intake, based on the recommended daily allowances of 8
mg for women and 11 mg for men, which fall short of the
Australian nutrient reference values. The average intake
of vitamin E was found to be below the recommended
guidelines in 86% of cases.®

The research by Bolajoko et al. (2017) revealed notable
differences in lipid peroxide levels, 8-hydroxyl-2'-
deoxyguanosine, glutathione peroxidase, total antioxidant
status, vitamin C (p=0.003), vitamin E, selenium between
the DFU group and the control group (p=0.001). A signif-
icant negative correlation was observed between selenium
and 8-hydroxyl-2'-deoxyguanosine (p=0.029), while a
significant positive relationship was identified between
vitamin C and glutathione peroxidase (p=0.001) within
the DFU group.¥’

In the investigation by Pena et al. (2020), it was report-
ed that 5.9% of patients exhibited low ferritin levels (be-
low 30 pg/L), whereas those with more severe foot dis-
ease presented with increased ferritin levels (p=0.004).
Brookes et al. (2020) found that the average selenium
level was 10.7+£0.26 umol/L, with normal values estab-
lished between 0.8 and 1.4 pmol/L. Additionally, the
mean iron level was recorded at 8.4 (5.9), while the rec-
ommended range is between 11 and 32 pmol/L.*® (Figure

2).

DISCUSSION

Nutritional deficiencies in individuals with DM result in
reduced fat deposits in areas susceptible to pressure,
thereby heightening the risk of pressure ulcers. Addition-
ally, these deficiencies hinder collagen synthesis neces-
sary for healing, diminish energy reserves, and impact the
patient's mobility. The adverse effects of nutritional
shortcomings on the immune response further contribute
to the deterioration of skin health. The challenges associ-
ated with the healing process in diabetic feet are multifac-
eted, and inadequate nutrition only serves to worsen the
situation.383°

Our analysis aligns with previous research that empha-
sizes the crucial role of micronutrients in the development
of DFU. A systematic review by Kurian et al. identified
vitamin D as a key indicator, revealing significantly lower
levels (MD: -10.82 ng/mL, 95% CI: -20.47 to -1.16).“° A
meta-analysis demonstrated that patients with DFU ex-
hibited markedly reduced vitamin D levels, and a notably
higher prevalence of vitamin D deficiency compared to
those without DFU.** This finding is further supported by
the meta-analysis conducted by Dai et al., which estab-
lished a significant correlation between severe vitamin D
deficiency and an elevated risk of developing diabetic
foot syndrome (OR 3.22, 95% CI 2.42-4.28; p=0.64,
12=0%).*? Lin et al. reported that individuals with DFU
had considerably lower vitamin D levels (MD: -6.48;
95% CI: -10.84 to -2.11, p<0.004) and a greater frequen-
cy of vitamin D deficiency.*

Another systematic review showed that vitamin D lev-
els were lower in patients with DFU compared with those
without DFU [OR: -5.77; 95% CI: -7.87 to -3.66; x* =
84.62; mean difference: 9; 12 89%; p<0.001 and p for
overall effect < 0.001]. Low vitamin D levels were ob-
served among hospitalized patients (OR: -6.32; 95%
Cl: -11.66 to -0.97; y* = 19.39; mean difference: 2; 12 for

| Vitamin D plays a crucial role in modulating the immune response, reducing inflammation, and promoting angiogenesis

| Vitamin C is essential for collagen synthesis, provides antioxidant protection, and supports immune function

Vitamin B-12 is important for neuroprotection, angiogenesis, and DNA synthesis

Vitamin A is vital for the restoration of epithelial tissues and the regulation of immune functions

Zinc enhances wound healing and provides antioxidant protection

Copper promotes angiogenesis and supports connective tissue formation

Magnesium exhibits anti-inflammatory properties and plays a role in energy metabolism

Selenium offers antioxidant protection and helps regulate the immune response

Tron facilitates oxygen transport and supports cellular metabolism

LI L

Sodium maintains water-salt balance and supports neural conductivity

W e T S B

Figure 2. The relationship between nutrients and diabetic foot
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heterogeneity: 90%; p=0.02).* Among all the effects of
vitamin C on skin health, its effect on wound healing
stands out as the most significant and reproducible.
Available data also supports the importance of vitamin C,
as it is a key element for collagen synthesis and effective
functioning of the immune system, which helps reduce
the likelihood of infections and facilitate their fight.*
Impaired wound healing may indicate an early sign of
vitamin C deficiency. The localization of vitamin C at the
injury site, resulting from both local inflammation and
heightened collagen production, underscores the potential
benefits of supplementation.*6

Vitamin A is crucial for the regeneration of the epi-
dermis following tissue damage, facilitating healing and
restoring skin integrity. It also mitigates the adverse ef-
fects of anti-inflammatory steroids on the regeneration
process. Beyond its role during the inflammatory phase,
retinoic acid enhances the production of extracellular ma-
trix components, such as type | collagen and fibronectin,
encourages the proliferation of keratinocytes and fibro-
blasts, and diminishes the activity of destructive matrix
metalloproteinases.*”*® Zinc plays a key role in insulin
secretion, receptor transport and sensitivity, free radical
protection, and acts as a necessary cofactor for enzymes
involved in the healing process.*®50

In the research conducted by Lee et al., the micronutri-
ent status of patients with DFU was analyzed in compari-
son to standard values to identify factors affecting the
healing of chronic wounds. The findings revealed that
97.8% exhibited low iron levels, while 93.2% had de-
creased zinc levels.®* Copper plays a crucial role in skin
repair and the development of new blood vessels, facili-
tating the healing process by enhancing the production of
vascular endothelial growth factor and promoting angio-
genesis, which is triggered by hypoxia-inducible factor 1-
alpha.

A systematic review by Amini et al. indicated that var-
ious nutrients, including magnesium, vitamin D, vitamin
E, and vitamin C, not only positively influence DFU but
also aid in improving glycemic control, lipid profiles, and
decreasing inflammatory and oxidative stress.>

Therapeutic and preventive nutrition plays a critical
role in the prevention and treatment of diabetes at every
stage. It includes an individual nutrition plan tailored to
an individual’s health status, lifestyle, and unique charac-
teristics. And it is a vital component of diabetes care, en-
compassing nutritional assessment, diagnosis, interven-
tion, and ongoing monitoring, all aimed at promoting
sustainable lifestyle changes and adjusting interventions
as needed. Adequate caloric intake is fundamental to pre-
venting the onset of diabetes and to dietary therapy. Reg-
ular monitoring of micronutrient status and appropriate
care are essential to identify deficiencies, take corrective
action, improve wound healing, strengthen the immune
system, and enhance the patient’s overall health. Adopt-
ing this strategy will result in significant improvements,
more effective rehabilitation, and a reduced risk of com-
plications. Consistent assessment of micronutrient levels
and proper management are critical to identify deficien-
cies, take corrective action, promote wound healing,
strengthen the immune system, and enhance the patient’s
overall health. Adopting this approach will result in sig-

nificant improvements, more effective rehabilitation, and
a reduced risk of complications.>*

Conclusion

A review indicates that deficiencies in micronutrients,
especially vitamins D and C, are prevalent among patients
with DFU. Notably, vitamin D deficiency is particularly
severe in individuals with chronic active ulcers and sig-
nificant infections, as demonstrated by markedly lower
serum 25-hydroxyvitamin D levels in these patients com-
pared to those without DFU. Following vitamin D, vita-
min A ranks as the second most frequently observed defi-
ciency. A limited number of patients exhibited normal
vitamin C levels, while the majority presented with
suboptimal or deficient levels, potentially hindering the
ulcer healing process. Conversely, elevated blood folate
levels correlate with enhanced healing outcomes, and
treatment involving high-dose folic acid has shown sig-
nificant improvements in patient conditions. Furthermore,
the average levels of folate and vitamin B-12 among
those receiving high-dose treatments were considerably
above normal, underscoring their crucial role in the thera-
peutic regimen. Research indicates that patients with
DFU exhibit lower levels of zinc, copper, magnesium,
and selenium when compared to those without ulcers.
Individuals supplementing zinc and magnesium have re-
ported a decrease in ulcer size. A significant portion of
these patients exhibited deficiencies in zinc, as well as
vitamins E and C, which negatively impact the body's
antioxidant defenses and may hinder the healing process
of ulcers. Many patients surpass the recommended intake
levels for vitamin A and sodium, potentially leading to
adverse health effects. Elevated ferritin levels have been
observed in patients suffering from more advanced stages
of ulcers. These findings highlight the crucial need for
monitoring and addressing micronutrient levels to en-
hance treatment outcomes for individuals with DFU.

We are confident that the findings from our systematic
review will greatly enhance our comprehension of the
impact of micronutrients on the progression and man-
agement of diabetic foot disease. Our objective was to
uncover critical relationships between micronutrient defi-
ciencies, and both delayed wound healing and the height-
ened risk of infection and amputation. By utilizing the
gathered data, we can formulate clinical guidelines aimed
at refining clinical practices, which will encompass the
early identification of micronutrient deficiencies and their
timely correction to improve treatment results.
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