s Symbiosis www.symbiosisonlinepublishing.com

ISSN Online: 2374-6890

Opinion Article Journal of Endocrinology and Diabetes Open Access

Expert Consensus on the Role of Pharmaco-complementary
Medicine for the Management of Diabetic Complications
Using Modified Delphi Method

*Samir H. Assaad-Khalil', Samir George Samna?, Ibrahim Naguib Elebrashy? Mamdouh El-Nahas?, M. Hesham
El Hefnawy*, Lobna Farag Eltoony®, Khaled Elsayed Elhadidy®, Fawzy AF Elmessallamy’, Magdy Helmy Megallaa?,
Walaa A Khalifa®, Tamer M. Elsherbiny®, Noha G. Amin?!, Mohamed Hassan Zeitoun?, Michael Safwat’

“Department of Internal Medicine, Unit of Diabetology, Lipidology& Metabolism, Faculty of Medicine, Alexandria University, Alexandria,
Egypt

2Professor of Internal Medicine and Endocrinology, Faculty of Medicine, Cairo University, Cairo, Egypt
3Professor of Endocrinology, Faculty of Medicine, Port Said University, Port Said, Egypt
“Professor of Diabetes & Endocrinology, National Institute of Diabetes, Cairo, Egypt
*Professor of Internal Medicine, Endocrinology and Diabetes, Faculty of Medicine, Assiut University, Assiut, Egypt
®Professor of Internal Medicine, Diabetes and Endocrinology, Faculty of Medicine, Beni-Suef University, BeniSuef, Eqypt
’Professor and Head of Diabetes and Endocrine Unit, Faculty of Medicine, Zagazig University, Zagazig, Egypt
8Associate Professor of Endocrinology, Faculty of Medicine, Alexandria University, Alexandria, Egypt.

°MD, Medical Affairs Department, Eva Pharma for Pharmaceuticals & Medical Appliances, Cairo, Egypt

Received: July 26", 2023; Accepted: July 28", 2023; Published: September 02,2023

*Corresponding author : Prof. Samir Helmy Assaad -Khalil, Professor of Internal Medicine, Unit of Diabetology, Lipidology& Metabolism, Department of In-
ternal Medicine, Faculty of Medicine, Alexandria University, Alexandria, Egypt; E-mail: samir.assaadkhalil@alexmed.edu.eg

Abstract

Background: Diabetes mellitus is a chronic metabolic disorder characterized by hyperglycemia resulting from insulin resistance and/or deficiency.
It is associated with numerous complications, including microvascular and macrovascular complications. Micronutrient deficiencies are commonly
observed in individuals with diabetes due to the metabolic changes that occur in the body and the increased renal excretion. Several studies have
shown that diabetes patients are at an increased risk of developing micronutrient deficiencies such as vitamin D, thiamine, vitamin B12, folate,
magnesium, and zinc. The consequences of micronutrient deficiencies in diabetic patients can be significant.

The aim of this study was to achieve a consensus on the use of complementary pharmacological therapies in the management of diabetic
complications, through a modified Delphi methodology.

Methods:

A three-round modified Delphi Procedure was conducted to define recommendations regarding the role of Pharmaco-Complementary medicine
in the management of Diabetic complications using a web-based questionnaire. The questionnaire included a set of 65 questions. The level of
Consensus was defined based on the level of agreement among the panelists on specific scientific statements. Strong Consensus was defined as 280%
agreement, Moderate Consensus with Agreement between 65% and up to 79%, and Low Consensus level with statements below 65% agreement.

Results:

Eighteen experts in the field of diabetes participated in the development of this consensus. Three rounds of voting were held, followed by data
analysis and consensus level calculation. Out of 47 statements, a total of 33 statements achieved moderate - strong consensus (moderate: 65% - 79%
agreement, strong: 280% agreement).

Conclusion:

Experts concluded that the use of pharmaco-complementary medications such as CoQ10, Benfotiamine, Magnesium, and EPA can potentially improve
glycemic control, insulin sensitivity, and manage diabetic complications. This consensus can serve as a valuable tool for clinicians in managing
diabetes, and its complications, and can provide direction for future research.
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Expert Consensus on the Role of Pharmaco-complementary Medicine for the Management

of Diabetic Complications Using Modified Delphi Method

Background

Diabetes mellitus is a chronic metabolic disorder characterized
by hyperglycemia resulting from insulin resistance and/or
deficiency [1]. Type 2 diabetes (T2D) is the most common form
of diabetes, accounting for about 90-95% of all diabetes cases
worldwide [2]. It is associated with numerous complications,
including microvascular and macrovascular complications [1].

Itis common for patients with T2D to have multiple comorbidities.
In Spain, a population-based study found that 82% of patients
with T2D had at least two comorbidities [3]. In Egypt, diabetes
mellitus (DM) is identified as the primary factor contributing
to renal failure, blindness, lower extremity amputations, stroke,
and acute coronary syndrome [4]. In a Sample of Alexandria
Population with established DM, 29.4% of diabetic patients had
peripheral neuropathy, 46.1% had diabetic kidney disease, 48.3%
had diabetic retinopathy and 45.5% had peripheral arterial
disease which may lead to diabetic foot ulcers [5]. Macrovascular
comorbidities such as atherosclerotic cardiovascular diseases
(ASCVD) and hypertension are common, as well as microvascular
complications which are nephropathy, neuropathy, and
retinopathy [3]. Patients may also experience sexual dysfunction
and depression which can greatly impact their quality of life [6].

Micronutrient deficiencies are commonly observed in individuals
with diabetes due to the metabolic changes that occur in the body
and the increased renal excretion. [7] Several studies have shown
that diabetes patients are at an increased risk of developing
micronutrient deficiencies such as vitamin D, thiamine, vitamin
B12, folate, magnesium, and zinc.[8-13]

The consequences of micronutrient deficiencies in diabetic
patients can be significant. For example, magnesium deficiency
is common in patients with type 2 diabetes, and low levels have
been linked to insulin resistance and poor glycemic control. Low
magnesium levels have also been associated with an increased
risk of developing cardiovascular disease, which is a major
complication of diabetes.[14]

Low levels of vitamin B12 and folate have been linked to various
clinical manifestations that can be diverse and may include
symptoms such as impaired memory, dementia, delirium,
peripheral neuropathy, sub-acute combined degeneration of the
spinal cord, megaloblastic anemia, and pancytopenia.[15]

Thiamine serves as a cofactor for glucose metabolism and in
a hyperglycemic state, non-thiamine-dependent metabolic
pathways are activated, leading to the production of harmful
by-products that contribute to the pathophysiology of diabetic
complications. Furthermore, thiamine has a direct effect on
pancreatic endocrine function, and its deficiency may contribute
to hyperglycemia through mechanisms other than impaired
glucose metabolism.[16]

Studies have shown that a deficiency in ubiquinone, a form
of CoQ10, may contribute to the development of diabetic
nephropathy. This is supported by evidence showing lower levels
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of ubiquinone in the renal cortex and mitochondria in mice which
are prone to developing diabetic nephropathy. CoQ10 deficiency
in type 2 diabetes is likely due to depletion caused by excessive
oxidative stress. It is important to note that plasma CoQ10 levels
were used as a surrogate for tissue CoQ10 in all of the clinical
studies mentioned.[17]

The management of type 2 diabetes requires a comprehensive
approach thattakesintoaccountthe managementofcomorbidities
in addition to glycemic control. In recent years, there has been
growing interest in the use of pharmaco-complementary
medications -Supplemental and pharmacological agents that are
non-Gluco-centric or lipid-lowering drugs and frequently used
in clinical practice in Egypt - as a complementary strategy to
manage diabetic complications. This approach involves the use of
natural supplements and vitamins, which can improve glycemic
control, insulin sensitivity, and other metabolic parameters.

In this paper, we reviewed the evidence on the potential benefits of
pharmaco-complementary medications, including Benfotiamine
(the lipid-soluble form of Vitamin B1), CoQ10, Magnesium,
Omega-3, Vitamin B6, Vitamin B12, Folic acid, Chromium, Orlistat
and Tadalafil for the management and risk reduction of diabetic
complications.

The objective of this study was to achieve a consensus on the use of
complementary pharmacological therapies in the management of
diabetic complications, through a modified Delphi methodology.

Methods

A three-round modified Delphi Procedure (Figure 1)
was conducted between September 2022 to June 2023 to
define recommendations regarding the role of Pharmaco-
Complementary medicine in the management of diabetic
complications. A core expert committee of 13 Internal medicine,
Diabetes, and Endocrinology experts, representing the main
academic entities from Egypt, convened to define research
questions and conceived a questionnaire to be addressed to
a panel of 18 experts, who were approached based on their
expertise and relevant clinical practice, within professional
groups that directly influence patient care and would benefit
from clinical practice guidelines.

A literature review was performed, and relative evidence was
graded to help guide their recommendations based on available
evidence, resulting in 51 citations to be considered for this work.

In the first round of the Delphi process, a web-based questionnaire
was conducted, including a clear explanation of the study
objectives and instructions for participation. The questionnaire
included a set of 65 open-ended questions, to ensure the
comprehensive inclusion of expert concepts, for Delphi rounds
2 and 3. The Questions were divided into 3 sections: addressing
Diabetic comorbidities & metabolic syndrome, Microvascular
complications, and Macrovascular complications.

Experts were asked to vote by marking “agree” or “disagree” with
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the scientific concept and were also requested to provide commentary and suggest additional inputs to form the scientific statements.

In the second round, participating experts gathered in a hybrid meeting to discuss the results of the first round, provide clarifications,
and present arguments to justify viewpoints regarding the presented statements with the aim of reaching an agreement on whether to
retain, amend or eliminate the statement from the final recommendations. This resulted in modifications in the scientific statements
and the merging of 2 statements.

The level of Consensus was defined based on the level of agreement among the panelists on specific scientific statements: Strong
Consensus with 280% agreement, Moderate Consensus with Agreement between 65% and up to 79%, and Low Consensus level with
statements below 65% agreement. Statements not meeting the criteria for strong consensus were to be modified according to the
panel feedback and re-circulated for voting in the third Delphi rounds.

In the third round, the final set of statements was shared for voting, where experts were asked to choose whether they agree or
disagree with the scientific statement as well as rating their confidence with the phrasing of each statement using a 5-level Likert scale.

A core expert committee of 13 Internal medicine, Diabetes and Endocrinology experts conducted a
literature review to define research questions and develop a questionnaire to be addressed to a panel of
18 experts.

Start of Round 1: Web-based Questionnaire

*+ 65 Scientific concepts were circulated for voting and commentary through aweb-based
questionnaire.

¢«  Experts voted by marking "agree” or "disagree”, provided commentary, and suggested additional
inputs to form the scientific statements.

End of Round 1: 48 Draft Statements

Bound 2: Face-to-face Expert Panel Meeting

The panel of experts gathered to discussthe results of the first round, provide clarifications, and
present arguments to justify viewpoints regarding the presented statements,

End of round 2: 47 Draft Statements

Round 3: Web-based Questionnaire

¢  The final set of statements was shared for voting,

¢  Experts were asked to choose whether they agree ordisagree with the scientific statement as well
as rating their confidence with the phrasing of each statement using a 5-level Likert scale.

End of round 3: 47 Statements

Final Recommendation Document: 33 Statements with Moderate - Strong Consensus

Figure 1 : Modified Delphi Process Study Design
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Results

Eighteen experts in the field of diabetes participated in the development of this consensus. Three rounds of voting were held,
followed by data analysis and consensus level calculation.

Forty-seven statements were developed for discussion and voting. The recommendations discussed three aspects of the diabetic patient
journey. Segment 1: Co-morbidities and metabolic syndrome, Segment 2: Microvascular complications, and Segment 3: Macrovascular
complications.

Out of 47 statements, a total of 33 statements achieved moderate - strong consensus (Moderate: 65% - 79% agreement, Strong: 280%
agreement).

Expert consensus statements and their respective agreement levels are summarized in Table 1.

Statement/ Recommendation | Consensus Level

Comorbidities, Metabolic Syndrome

1. Diabetes Mellitus is associated with a wide range of comorbidities. The most reported comorbidities Strong Consensus
according to clinical practice include cardiovascular diseases, obesity, diabetic foot, hyperlipidemia,
hypercholesterolemia, hypertension, retinopathy, nephropathy, peripheral neuropathy, vitamin and

minerals deficiency, impotence, sleep disorders, and depression.

2. According to clinical practice, 50% - 70% of T2D patients suffer from multiple comorbidities. This Strong Consensus
percentage varies due to variable patients’ educational levels, proper healthcare, genetic and ethnic

factors, and late presentation and/or referral.

3. Neuropathy, retinopathy, and nephropathy are the most common microvascular complications Strong Consensus
in diabetic patients, whereas atherosclerotic cardiovascular diseases are among the most reported

macrovascular complications.

4. The use of Pharmaco-complementary medications can improve diabetic complications through Strong Consensus
various mechanisms of action like improving insulin sensitivity, glycemic control, and lowering
oxidative stress.

5. Pharmaco-complementary medications are generally safe components that contribute to the Strong Consensus
management of diabetic complications. Some molecules have been investigated and showed added
benefits like Benfotiamine, Vitamin B12 and B6, Magnesium, CoQ10, and Omega-3.

6. The use of pharmaco-complementary medications like Co-Q10, Magnesium, Vitamin B complex, Strong Consensus
Antioxidants, Eicosapentaenoic acid, Chromium, Orlistat, and Alpha lipoic acid can be considered for
improving management and prophylaxis of diabetic complications. These agents are safe and effective
for improving the components of Metabolic Syndrome (MS) especially insulin resistance, visceral
obesity, high blood pressure, and high levels of triglycerides. Magnesium metabolism is involved in
blood pressure regulation, Orlistat acts on reducing weight, Co-Q10 significantly reduces fasting
glucose and fasting insulin and improves endothelial function, while Chromium and Magnesium

improve insulin resistance.

7. Tissue or cellular magnesium could provide a more accurate estimation of magnesium levels Strong Consensus
compared to a magnesium blood test due to magnesium high intracellular concentration with only
a small percentage in the extracellular fluid. Serum magnesium can also be influenced by dietary

magnesium intake, albumin levels, and stress.

8. The use of CoQ10 can be considered in patients with diabetes to improve glycemic control and Strong Consensus
insulin sensitivity due to improvement in mitochondrial energy production and potent anti-oxidant
effect enhancing nitric oxide production which improves endothelial function. The use of CoQ10 is also
beneficial in the improvement of lipid profile and statin-induced muscle symptoms in T2DM due to its
ability to decrease triglycerides and improve HDL.

9. EPA (Eicosapentaenoic acid) supplementation can introduce improvements in hypertriglyceridemia Strong Consensus

for its known effect on reducing levels of triglycerides.

10. In T2D patients, Benfotiamine has a potential role in the improvement of glycemic control and Moderate Consensus
insulin sensitivity due to its effects on increasing mitochondrial glucose oxidation and interruption of

the hyperglycemic destructive pathways (Polyol, AGEs, DAG, Hexosamine pathway).
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11. Magnesium supplementation is beneficial for the improvement of Metabolic syndrome components Low Consensus
and risk factors. It has a role in reducing the risk of diabetes incidence and its complications by
regulating glucose levels and decreasing insulin resistance. It also reduces blood pressure and
hypertriglyceridemia.

12. Mg supplementation has a positive impact on patients with moderate to severe insulin resistance. Low Consensus
There is a strong correlation between serum magnesium levels and the activity of tyrosine kinase at the
insulin receptor level which is factorial in the development of insulin resistance. Magnesium was found
to increase the expression, affinity, and signaling of insulin receptors.

13. Magnesium deficiency is considered a potential predisposing factor in the development of type Low Consensus
2 diabetes mellitus because hypomagnesemia and reduction of tyrosine kinase activity at the insulin
receptor level result in the impairment of insulin action, poor glycemic control, and development of

insulin resistance.

14. Orlistat has potential benefits in type 2 diabetes for the effective management of obesity as it Low Consensus

improves lipid profile and glycemic control and reduces body weight.

15. The use of Orlistat in obese diabetic patients has shown improvements in glycemic control, insulin Low Consensus
sensitivity, and dyslipidemia through the reduction of body fat mass, decreasing the absorption of
lipids, and the presence of free fatty acids in plasma.

16. The use of Chromium supplementation can be considered as a protective agent against T2DM Low Consensus

development in case of an underlying deficiency as it enhances insulin sensitivity.

17. Chromium supplementation can be considered for improving components of Metabolic Syndrome Low Consensus

as it attenuates weight gain and increases insulin sensitivity.

18. Folic acid supplementation is beneficial in decreasing fasting blood glucose at a dose of 0.5mg/day. Low Consensus

Folic acid decreases homocysteine levels and insulin resistance while improving endothelial function.

Macrovascular Complications

19. Cardiovascular complications have been strongly associated with 30% - 40% of diabetic patients Strong Consensus

and are a leading cause of mortality in more than 50% of the patients.

20. Macrovascular and microvascular diabetic complications can co-exist and can lead to one another. Strong Consensus
This strong association could be due to the cardiorenal metabolic connection and sharing the same risk

factors, pathways, and metabolic errors.

21. Pharmaco-complementary medications have shown proven efficacy in the management of Strong Consensus
diabetic macrovascular complications. Current evidence supports the positive effects of CoQ10 on
inflammatory markers associated with ischemic heart disease. B Vitamins contribute to lowering
plasma homocysteine levels, thus reducing the risk of strokes. Elements like Zinc and omega-3 fatty
acids were observed to have beneficial effects on lipid profiles and atherosclerosis when combined

with lifestyle modifications.

22. Current evidence supports the role of Magnesium supplementation in the management of coronary Strong Consensus
artery disease and arrhythmia due to its possible role in regulating vascular smooth muscle tone and

endothelial function.

23. CoQ10 has shown a significant reduction in cardiovascular mortality among patients with Moderate Consensus
cardiovascular diseases. CoQ10 prevents both atherosclerosis and its complications by retarding LDL
oxidation and inhibiting the proliferation of smooth muscle cells, platelet adhesion, and aggregations,
and inhibiting the expression and function of adhesion molecules.

24. Vitamin B12 supplementation in Vitamin B-deficient patients is beneficial for improving coronary Moderate Consensus
artery diseases in diabetic patients by lowering homocysteine levels, preventing vascular damage, and

improving vascular performance.

25. Orlistat is safe and could be effective in the management of obese patients with coronary artery Moderate Consensus
disease. While Orlistat has no direct effect on CAD, improving lipid profile, dyslipidemia, glycemic
control, and reducing fat burden can potentially support the management of CAD by ameliorating the

risk factors.
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26. Eicosapentaenoic acid (EPA) has a potential role in mortality rate reduction in coronary artery Moderate Consensus
disease patients by reducing MACE due to the correction of dyslipidemia state and exerting an

antioxidant effect.

27. Since low Magnesium levels are associated with the development of macro- and microvascular Moderate Consensus
complications, current evidence supports that Magnesium supplementation plays a role in enhancing

diabetic foot ulcer healing in cases of Magnesium deficiency.

28. The use of Vitamin B12 is recommended in states of deficiency for the reduction of plasma Moderate Consensus
homocysteine levels for diabetic patients with a high risk of stroke as it is directly involved in the

metabolism of homocysteine.

29. Current evidence supports the potential role of CoQ10 in patients with CAD and T2DM in improving Low Consensus
endothelial function, cardiac structure, and function biomarkers. It also has a substantial role in energy
production by acting as a mobile electron carrier in the electron transport chain and supporting

glycemic control.

30. The use of Benfotiamine contributes to atherosclerosis and CAD risk reduction in diabetic patients Low Consensus
because of its role in modulating endothelial dysfunction, decreasing the advanced glycation end
products, and preventing oxidative stress, thus having an impact on micro- and macro-endothelial

complications prevention.

31. Magnesium supplementation plays a potential role in the risk reduction of stroke and is associated Low Consensus
with low incidence of T2DM. Low serum Mg levels were shown to predict the progression from

prediabetes to diabetes in the general population.

Microvascular Complications

32.Routine screening of newly diagnosed type 2 diabetic patients for retinopathy is highly recommended Strong Consensus
to allow early treatment, thus reducing the incidence of visual impairment and vision loss.

33. Erectile function screening (questionnaire) and follow-up among T2DM patients are highly Strong Consensus

recommended when appropriate to protect against impotence, depression, and poor quality of life.

34. Pharmaco-complementary medications such as Benfotiamine, Magnesium, CoQ10, Vitamin B6 and Strong Consensus

Vitamin B12, and Alpha-lipoic acid are beneficial in improving diabetic microvascular complications.

35. Current evidence supports the role of CoQ10 in improving diabetic polyneuropathy clinical
outcomes and nerve conduction parameters through positive effects on cellular metabolism, improved Strong Consensus
microvascular function, and improved nerve conduction.

36. The use of Benfotiamine is effective for the management of patients with diabetic polyneuropathy. Strong Consensus

37. Supplementation with Vitamin B6 and B12 can be considered for Vitamin B-deficient diabetic Strong Consensus
patients due to their role in improving neuropathy symptoms through decreasing homocysteine levels,

aiding in neural integrity, and improving patients cognitive function and overall QoL.

38.The use of Benfotiamine, Vitamin B12, and Vitamin B6 is suggested for diabetic patients to effectively Strong Consensus

alleviate neuropathy symptoms by decreasing oxidative endothelial injury and homocysteine levels.

39. A daily dose of 600-1200 mg of Alpha-lipoic acid is beneficial in diabetic polyneuropathy as Strong Consensus
it provides potent antioxidant effects, thus improving nerve function. Alpha-lipoic acid has been
extensively tried and used in clinical practice offering a significant reduction in the symptoms of
diabetic peripheral neuropathy.

40. Daily treatment with 5 mg of tadalafil should be considered for diabetic patients with ED because Strong Consensus
it is more effective, and more dose-compliant than an on-demand regimen, offers more convenience,
eliminates the need for planning sexual activity, provides additional benefits on cardiovascular and
pulmonary circulation, and is well tolerated with minimal side effects.

41. Aside from using PDES inhibitors for diabetic patients with erectile dysfunction, other treatment Strong Consensus
options could be considered after the exclusion of other endocrinal causes. These treatments include
supplementation with multivitamins, alpha-lipoic acid and testosterone hormonal therapy in case of
testosterone deficiency along with controlling the risk factors and ensuring adequate glycemic control.
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42. The use of Benfotiamine could be considered in diabetic patients to protect against further retinal Strong Consensus
deterioration due to its blockage effect on major pathways of hyperglycemic damage that lead to

retinopathy. Benfotiamine plays another role in improving endothelial dysfunction and inflammation.

43. The use of CoQ10 could be considered in the management of diabetic retinopathy for its function Moderate Consensus
of protecting neuro-retinal cells by inhibiting the production of reactive oxygen species (ROS), thus

decreasing inflammation and improving endothelial dysfunction.

44.PDES inhibitors used as on-demand regimens in diabetic patients with erectile dysfunction have the Moderate Consensus

disadvantage of low success rates and inconvenience for the patients.

45. Magnesium is beneficial for reducing CV mortality events in CKD patients with hypomagnesemia Low Consensus
due to its function in improving arrhythmias, controlling blood pressure, and preventing vascular
calcification. Current evidence supports that magnesium is inversely correlated with the occurrence

of chronic kidney disease.

46. Current evidence supports the role of CoQ10 in diabetic nephropathy patients due to its potent Low Consensus

antioxidant properties as it reduces oxidative stress and may enhance glycemic control and GFR.

47. The use of Magnesium may be considered in diabetic patients with retinopathy due to its role in Low Consensus

improving endothelial dysfunction, improving insulin sensitivity, and metabolic control.

Comorbidities, Metabolic Syndrome

Experts agreed (94% agreement) that diabetes mellitus is
associated with a wide range of comorbidities including
cardiovascular diseases, obesity, diabetic foot, hyperlipidemia,
hypercholesterolemia, hypertension, retinopathy, nephropathy,
peripheral neuropathy, vitamin and minerals deficiency,
impotence, sleep disorders, and depression. Experts reached
a consensus (89% agreement) that 50% - 70% of patients
with type 2 diabetes suffer from multiple comorbidities.
There was a complete consensus (100% agreement) that
neuropathy, retinopathy, and nephropathy are the most common
microvascular complications in diabetic patients, whereas
atherosclerotic cardiovascular diseases are among the most
reported macrovascular complications.

Regarding the use of Pharmaco-complementary medications, an
agreementof89% wasreachedthatsuggestedtheuse ofPharmaco-
complementary medications can improve diabetic complications
through various mechanisms of action like improving insulin
sensitivity, glycemic control, and lowering oxidative stress.
Experts agreed (83% agreement) that Pharmaco-complementary
medications are generally safe components that contribute to the
management of diabetic complications such as Benfotiamine,
Vitamin B12 and B6, Magnesium, CoQ10, and Omega-3. They also
agreed (83%) that pharmaco-complementary medications can
be considered for improving the management and prophylaxis of
diabetic complications, improving the components of Metabolic
Syndrome (MS) especially insulin resistance, visceral obesity,
high blood pressure, and high levels of triglycerides.

Experts agreed (83% agreement) that the use of CoQ10 can be
considered in patients with diabetes to improve glycemic control
and insulin sensitivity. It is also beneficial in the improvement of
lipid profile and statin-induced muscle symptoms in T2DM. The
use of Benfotiamine also reached an agreement level of 78%
due to its potential role in the improvement of glycemic control
and insulin sensitivity. Another agent, EPA (Eicosapentaenoic

acid) supplementation, can introduce improvements in
hypertriglyceridemia for its known effect on reducing levels of
triglycerides (agreement level 83%).

Microvascular Complications

Experts reached an agreement level of 94% to support the
recommendation of early screening for retinopathy and erectile
dysfunction for newly diagnosed patients with diabetes to allow
early treatment and prevent the development of complications.
Experts agreed (94% agreement level) that pharmaco-
complementary medications such as Benfotiamine, Magnesium,
CoQ10, Vitamin B6 and Vitamin B12, and Alpha-lipoic acid are
beneficial in improving diabetic microvascular complications. A
recommendation of83% endorsed that currentevidence supports
the role of CoQ10 in improving diabetic polyneuropathy clinical
outcomes and nerve conduction parameters through positive
effects on cellular metabolism, improved microvascular function,
and improved nerve conduction. Benfotiamine use received an
agreement level of 94% as it is effective for the management of
patients with diabetic polyneuropathy.

Experts reached a consensus (94% agreement) that
supplementation with Vitamin B6 and B12 can be considered
for Vitamin B-deficient diabetic patients due to their role
in improving neuropathy symptoms through decreasing
homocysteine levels, aiding in neural integrity, and improving
patients cognitive function and overall QoL. There was a complete
agreement of 100% that a daily dose of 600-1200 mg of Alpha-
lipoic acid is beneficial in diabetic polyneuropathy as it provides
potent antioxidant effects, thus improving nerve function. Experts
agreed (76%) that the use of CoQ10 could be considered in the
management of diabetic retinopathy for its function of protecting
neuro-retinal cells.

Expertsagreed (78%) that on-demand PDE5 inhibitor regimens in
diabetic patients with erectile dysfunction have the disadvantage
of low success rates and inconvenience for the patients. While
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94% agreement level supported the recommendation that daily
treatment with 5 mg of tadalafil should be considered for diabetic
patients with ED because it is more effective, and more dose-
compliant than an on-demand regimen, offers more convenience,
eliminates the need for planning sexual activity, provides
additional benefits on cardiovascular and pulmonary circulation,
and is well tolerated with minimal side effects. Experts also agreed
(89% agreement level) that aside from using PDES5 inhibitors
for diabetic patients with erectile dysfunction, other treatment
options could be considered including supplementation with
multivitamins, alpha-lipoic acid and testosterone hormonal
therapy.

Macrovascular Complications

On the topic of macrovascular complications, all experts agreed
(100% agreement) that Cardiovascular complications have
been strongly associated with 30% - 40% of diabetic patients
and are a leading cause of mortality in more than 50% of the
patients. Experts agreed (94% agreement) that macrovascular
and microvascular diabetic complications can co-exist and can
lead to one another. This strong association could be due to
the cardiorenal metabolic connection and sharing the same
risk factors, pathways, and metabolic errors. 83% agreement
level supported that pharmaco-complementary medications
have shown proven efficacy in the management of diabetic
macrovascular complications including CoQ10, B Vitamins, Zinc,
and omega-3 fatty acids.

Experts agreed (72% agreement) that CoQ10 has shown
a significant reduction in cardiovascular mortality among
patients with cardiovascular diseases. CoQ10 prevents both
atherosclerosis and its complications by retarding LDL oxidation
and inhibiting the proliferation of smooth muscle cells, platelet
adhesion, and aggregations, and inhibiting the expression and
function of adhesion molecules. Experts agreed (83% agreement)
that Magnesium supplementation in the management of
coronary artery disease and arrhythmia due to its possible role in
regulating vascular smooth muscle tone and endothelial function.
Experts agreed (72% agreement) that current evidence supports
that Magnesium supplementation plays a role in enhancing
diabetic foot ulcer healing in cases of Magnesium deficiency.

Experts agreed (78% agreement) that the use of Vitamin B12 is
recommended in states of deficiency for the reduction of plasma
homocysteine levels for diabetic patients with a high risk of stroke
as it is directly involved in the metabolism of homocysteine.

Discussion

In this study, experts evaluated the role of pharmaco-
complementary medicine in the management of diabetic
complications. A summary of pharmaco-complementary
therapies and their potential benefits to patients with T2D is
presented in Appendix A.

Comorbidities, Metabolic Syndrome

Experts agreed that diabetes mellitus is associated with a wide
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range of complications and comorbidities. Therefore, patients
with diabetes need a comprehensive approach to the management
of diabetes, its complications, and comorbidities [18].

Type 2 diabetes can lead to deficiencies in certain micronutrients
due to the metabolic changes that occur in the body and the
increased fluid loss and oxidative stress [19,20]. For example,
plasma Thiamine levels in diabetes decreased by 75% in
comparison to healthy individuals as renal clearance of thiamine
has been documented to increase by 16 folds [20].

Experts agreed that pharmaco-complementary medications can
improve diabetic complications through various mechanisms of
action, including improving insulin sensitivity, glycemic control,
lowering oxidative stress, improving lipid profile and endothelial
function and was also found to be generally safe [21]. The use
of pharmaco-complementary medications was also found to be
generally safe and can contribute to the management of diabetic
complications. Specifically, experts agreed that components such
as Benfotiamine (the lipid-soluble form of vitamin B1), Vitamin
B12 and B6, Magnesium, CoQ10, and Omega-3 can be considered
for improving the management and reducing the risk of diabetic
complications, improving the components of Metabolic Syndrome
(MS) especially insulin resistance, visceral obesity, high blood
pressure, and high levels of triglycerides [22].

In addition, experts agreed that the use of CoQ10 can be
considered in patients with diabetes to improve glycemic control
and insulin sensitivity. CoQ10 was also found to be beneficial in the
improvement oflipid profile and statin-induced muscle symptoms
in T2DM. A recent study that looked into the efficacy of CoQ10 on
glycemic control, revealed that CoQ10 supplementation can have
positive effects on glycemic control, particularly in individuals
with diabetes[23]. This study quantified a dose of 100-200 mg/
day of CoQ10 for achieving the best possible benefit. A meta-
analysis found that the addition of CoQ10 supplements improved
muscle symptoms associated with taking statins, suggesting
that CoQ10 supplementation could be used as a complementary
strategy to manage statin-induced myopathy [24].

Regarding Magnesium, a meta-analysis with 6311 cases of
metabolic syndrome found that the overall risk of developing
Metabolic Syndrome decreased by 17% with every 100 mg/day
increase in magnesium intake [25]. In another meta-analysis
of 536,318 participants, Magnesium intake was significantly
inversely associated with the risk of type 2 diabetes by 22%
[26]. Magnesium was also found to potentially improve insulin
sensitivity and reduce glycated hemoglobin [26].

Similarly, the use of Benfotiamine was also found to have
potential benefits on the improvement of glycemic control and
insulin sensitivity. It has been proven that benfotiamine has more
extensive impacts on various cell types associated with both type
1 and type 2 diabetes than previously acknowledged [27].

This matches the experts’ recommendation that Benfotiamine
has a potential role in the improvement of glycemic control and
insulin sensitivity due to its effects on increasing mitochondrial
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glucose oxidation and interruption of the hyperglycemic
destructive pathways in patients with T2D.

EPA (Eicosapentaenoic acid) supplementation was also found to
be potentially beneficial for improving hypertriglyceridemia [28].
These findings suggest that a comprehensive approach to diabetes
management that includes the management of comorbidities and
risk factors and the use of pharmaco-complementary medications
may improve the outcomes for patients with metabolic syndrome.

Type 2 diabetes can lead to deficiencies in certain micronutrients
due to the metabolic changes that occur in the body and the
increased fluid loss and oxidative stress [19,20]. For example,
plasma Thiamine levels in diabetes decreased by 75% in
comparison to healthy individuals as renal clearance of thiamine
has been documented to increase by 16 folds [20].

Experts agreed that pharmaco-complementary medications can
improve diabetic complications through various mechanisms of
action, including improving insulin sensitivity, glycemic control,
lowering oxidative stress, improving lipid profile and endothelial
function and was also found to be generally safe [21]. The use
of pharmaco-complementary medications was also found to be
generally safe and can contribute to the management of diabetic
complications. Specifically, experts agreed that components such
as Benfotiamine (the lipid-soluble form of vitamin B1), Vitamin
B12 and B6, Magnesium, CoQ10, and Omega-3 can be considered
for improving the management and reducing the risk of diabetic
complications, improving the components of Metabolic Syndrome
(MS) especially insulin resistance, visceral obesity, high blood
pressure, and high levels of triglycerides [22].

In addition, experts agreed that the use of CoQ10 can be
considered in patients with diabetes to improve glycemic control
and insulin sensitivity. CoQ10 was also found to be beneficial in the
improvement of lipid profile and statin-induced muscle symptoms
in T2DM. A recent study that looked into the efficacy of CoQ10 on
glycemic control, revealed that CoQ10 supplementation can have
positive effects on glycemic control, particularly in individuals
with diabetes[23]. This study quantified a dose of 100-200 mg/
day of CoQ10 for achieving the best possible benefit. A meta-
analysis found that the addition of CoQ10 supplements improved
muscle symptoms associated with taking statins, suggesting
that CoQ10 supplementation could be used as a complementary
strategy to manage statin-induced myopathy [24].

Regarding Magnesium, a meta-analysis with 6311 cases of
metabolic syndrome found that the overall risk of developing
Metabolic Syndrome decreased by 17% with every 100 mg/day
increase in magnesium intake [25]. In another meta-analysis
of 536,318 participants, Magnesium intake was significantly
inversely associated with the risk of type 2 diabetes by 22%
[26]. Magnesium was also found to potentially improve insulin
sensitivity and reduce glycated hemoglobin [26].

Similarly, the use of Benfotiamine was also found to have
potential benefits on the improvement of glycemic control and
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insulin sensitivity. It has been proven that benfotiamine has more
extensive impacts on various cell types associated with both type
1 and type 2 diabetes than previously acknowledged [27].

This matches the experts’ recommendation that Benfotiamine
has a potential role in the improvement of glycemic control and
insulin sensitivity due to its effects on increasing mitochondrial
glucose oxidation and interruption of the hyperglycemic
destructive pathways in patients with T2D.

EPA (Eicosapentaenoic acid) supplementation was also found to
be potentially beneficial for improving hypertriglyceridemia [28].
These findings suggest that a comprehensive approach to diabetes
management that includes the management of comorbidities and
risk factors and the use of pharmaco-complementary medications
may improve the outcomes for patients with metabolic syndrome.

Microvascular Complications

Regarding microvascular complications, experts agreed that
the use of pharmaco-complementary medications such as
Benfotiamine, Magnesium, CoQ10, Vitamin B6 and Vitamin B12,
and Alpha-lipoic acid can be beneficial in improving diabetic
microvascular complications. Early screening and treatment of
diabetic complications have been proven effective in reducing
the occurrence of advanced diseases.[29] In addition, A 12-week
treatment with ubiquinone (CoQ10) has been found to improve
the clinical outcomes and nerve conduction parameters in
patients with diabetic polyneuropathy. Additionally, it can reduce
oxidative stress without causing significant adverse events
[30]. CoQ10 supplementation was also reported to significantly
improve the metabolic profile in patients with CKD by reducing
total cholesterol, LDL-cholesterol, MDA (Malondialdehyde), and
creatinine levels [31].

Benfotiamine may provide a treatment option for patients
with diabetic polyneuropathy by addressing the causal
pathophysiological pathways of impaired glucose metabolism and
hyperglycemic damage and improvement was more pronounced
at the higher Benfotiamine dose and increased with treatment
duration [32].

Supplementation with Vitamin B6 and B12 was alsorecommended
for Vitamin B-deficient diabetic patients due to their role in
improving neuropathy symptoms [33,34]. The combination of
Benfotiamine and Vitamin B6/12 has neurotrophic effects and
could be considered as an initial treatment option for diabetic
polyneuropathy.[35]

There was a strong consensus among the panel of experts on the
following recommendation; a daily dose of 600-1200 mg of Alpha-
lipoic acid is beneficial in diabetic polyneuropathy as it provides
potent antioxidant effects, thus improving nerve function. Alpha-
lipoic acid has been frequently used in local clinical practice
offering a significant reduction in the symptoms of diabetic
peripheral neuropathy. This is supported by a study that showed
that a 3-week treatment regimen of 600 mg/day alpha-lipoic
acid is effective in reducing symptoms of diabetic peripheral
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neuropathy, and did not cause significant adverse reactions [36].
The use of CoQ10 was also suggested for the management of
diabetic retinopathy, as it can protect neuro-retinal cells.[37,38]

Regarding erectile dysfunction in patients with diabetes, experts
recommended the use of daily treatment with 5 mg of tadalafil,
as it is more effective, dose-compliant, convenient, and well-
tolerated with minimal side effects. Clinical trials have shown
that low-dose, daily treatment with PDES5 inhibitors, particularly
tadalafil, is effective and safe [39]. On-demand PDES5 inhibitor
regimens were found to have lower success rates and be more
inconvenient for patients.[40]

Overall, these findings highlight the importance of early screening
and effective management of diabetic complications to improve
patient outcomes and quality of life.

Macrovascular Complications

Patients with type 2 diabetes mellitus are two to three times
more likely to develop cardiovascular disease compared to those
without diabetes [41]. There was a unanimous consensus among
all experts (100% agreement) that cardiovascular complications
are highly prevalent in approximately 30% - 40% of patients
with diabetes and contribute to mortality in over 50% of these
patients. The presence of diabetes is a known independent risk
factor for chronic kidney disease (CKD) and cardiovascular
disease (CVD). Additionally, diabetes is strongly linked to Type
2 cardiorenal syndrome (CRS), and it is crucial to take this into
account when managing patients with diabetes [42]. Experts
reached a consensus (83% agreement) that the use of Pharmaco-
complementary medications has been demonstrated to be
effective in managing macrovascular complications associated
with diabetes, such as CoQ10, B vitamins, zinc, and omega-3 fatty
acids.

Experts agreed (72% agreement) that CoQ10 has shown a
significant reduction in cardiovascular mortality among patients
with cardiovascular diseases. CoQ10 is a powerful antioxidant,
physiologically involved in many metabolic functions in the body
related to energy and ATP production in the electronic transport
chain. Consequently, CoQ10 inhibits the production of reactive
oxygen species (ROS), prevents LDL oxidation, and inhibits
the proliferation of smooth muscle cells, platelet adhesion,
aggregation, and accumulation of adhesive molecules, delaying the
ischemic process and preventing the formation of atherosclerotic
plaques [22]. A 2-year prospective trial “Q-SYMBIO reported that
CoQ10 supplementation improved heart function and reduced
cardiovascular-related mortality by 43% in heart failure patients
[43].

Experts also agreed (83% agreement) that Magnesium
supplementation may be beneficial in the management of
coronary artery disease and arrhythmia due to its possible role in
regulating vascular smooth muscle tone and endothelial function.
The risk of developing heart failure and atrial fibrillation, as
well as complications such as chronic kidney disease, diabetic
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retinopathy, and diabetic foot ulcers in type 2 diabetic patients,
is inversely associated with serum magnesium (Mg2+)
concentration.[44] Magnesium is involved in several essential
physiological, biochemical, and cellular processes regulating
cardiovascular function and myocardial excitability and it is thus
central to the pathogenesis of several cardiovascular disorders
[45]. In a meta-analysis of Forty-one studies involving 53 cohorts
with 1,912,634 participants and 76,678 cases, Magnesium intake
had significant inverse associations with total stroke by 11% in a
dose-dependent manner [46].

Furthermore, experts agreed (78% agreement) that Vitamin
B12 supplementation is recommended for diabetic patients with
a high risk of stroke in states of deficiency. Vitamin B has been
suggested to potentially reduce the levels of total homocysteine in
the blood and prevent the generation of free radicals in ischemic
brain tissues, ultimately leading to improved clinical outcomes in
stroke patients [47].

Conclusion

In this work, a panel of 18 experts in the field of Diabetes
collaborated to establish a consensus on the use of pharmaco-
complementary therapies -Supplemental and pharmacological
agents that are non-Gluco-centric or lipid-lowering drugs
and frequently used in clinical practice in Egypt - in the
management of diabetic complications. Experts concluded that
the use of pharmaco-complementary medications such as CoQ10,
Benfotiamine, Magnesium, and EPA can potentially improve
glycemic control, insulin sensitivity, and manage diabetic
complications. This consensus can serve as a valuable tool for
clinicians in managing diabetes, and its complications, and can
provide direction for future research.

Strengths/Limitations

The use of Delphi methodology to develop this consensus is
one of the study strengths that utilized expert opinions based
on their clinical practice and the available evidence. Another
strength is the expert panel that participated in the development
of this consensus owing to their specialization and expertise.
The geographical distribution of the expert panel from areas all
around Egypt has also provided a wide range of opinions that
better represents the country. Study limitations could include
that not all participants participated in all Delphi rounds.
Another limitation may be that all experts were from Egypt and
having experts from other countries would have extended the
recognition and adoption of this consensus among the region.

Future Research

Future research should be directed towards conducting large-
scale, double-blind, randomized controlled trials that evaluate the
role of Pharmaco-complementary medicine in the management
of diabetic complications..
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Appendix A: Pharmaco-complementary Therapies and their potential benefits to patients with diabetes.

Pharmaco-Complementary Therapies Potential Benefits to Patients with T2D

CoQ10 - CoQ10 improves glycemic control, insulin sensitivity, metabolic profile and
statin-induced muscle symptoms. [23]

- CoQ10 also improves diabetic polyneuropathy. [30]

- CoQ10 supplementation improves heart function and reduces cardiovascular-
related mortality in heart failure patients [43].

Eicosapentaenoic acid (EPA) - EPA supplementation can improve hypertriglyceridemia in patients with
diabetes. [28]
- EPA potentially reduces the mortality rate in patients with CAD. [28]

Benfotiamine Benfotiamine can improve glycemic control, insulin sensitivity and diabetic

polyneuropathy [27], [32]

Magnesium - Magnesium intake decreases the overall risk of developing metabolic
syndrome, improves insulin sensitivity and reduces glycatedhemoglobin.
[25], [26]

- Magnesium can reduce the risk of diabetes incidence and its complications.
[25], [26]

- Magnesium supplementation plays a role in enhancing diabetic foot ulcer
healing in cases of Magnesium deficiency. [25], [26]

- Magnesium supplementation plays a potential role in the risk reduction of
stroke. [25], [26]

- Magnesium is beneficial for reducing CV mortality events in CKD patients
with hypomagnesemia. [25], [26]
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Orlistat Orlistat could be effective in the management of obesity and obese patients
with coronary artery disease through improving lipid profile, dyslipidemia, glycemic
control, and reducing fat burden. [48]

Chromium In states of deficiency, the intake of Chromium can reduce the risk of T2D
development as it enhances insulin sensitivity. [49,50]

Folic Acid Folic acid supplementation can decrease fasting blood glucose, homocysteine

levels, insulin resistance and improves endothelial function. [51]

B Vitamins (B6, B12) -

Improve neuropathy symptoms in Vitamin B- deficient patients. [33,34]
- Vitamin B12 supplementation improves coronary artery diseases and
reduces the risk of stroke in states of deficiency. [47]

Alpha-lipoic acid

Improves symptoms of diabetic peripheral neuropathy. [36]

Tadalafil Daily dose of Tadalafil 5 mg is an effective, dose-compliant, convenient, and
well-tolerated treatment for erectile dysfunction. [39]
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