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Abstract

Background: Diabetes Mellitus is a chronic disease that affects 200 million worldwide. Given the long-term
systemic effects of the disease, it is essential to develop a management approach for diabetes to decrease its
long-term complications along with the economic burden on patients. Objective: to establish a
multidisciplinary approach to the management of diabetes and the comorbidities associated with it. Materials
and methods: This review is a comprehensive search of PUBMED and medical literature from the year 2014 to
2024. Conclusion Diabetes is an ailment with multisystemic consequences that significantly affect
the morbidity and mortality of the patient. Hence it is essential to assess and establish a comprehensive
methodology to manage the disease that targets not only glycemic control, but the complications associated
with it.
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Introduction

WHO defines diabetes as a chronic metabolic disorder that is characterized by raised blood glucose levels in the
body. It is associated with long-term multi-systemic complications which include the cardiovascular system,
kidneys, eyes, and nerves. !l About 14% of the adults aged 18 and above were known to be diabetic in 2022,
with diabetes accounting to be the direct cause of 1.6 million in 2021.”*! Diabetes Mellitus (DM) is caused by
dysregulation of the pancreatic enzyme insulin which is responsible for glucose metabolism in the body. Either
due to deficient production or unresponsiveness of cellular receptors to the insulin produced in the body,
diabetes can be classified as Type 1 DM or Type 2 DM. Both types of diabetes are associated with different age
brackets and require different treatment modalities ranging from insulin replacement therapy to oral
hypoglycemic agents. B!

Table 1: The criteria for Diabetes Mellitus Types.

CRITERIA TYPE 1 DIABETES MELLITUS TYPE 2 DIABETES MELLITUS

Onset Sudden Gradual

Body size Thin or normal Often obese

Ketoacidosis Common Rare

IAutoantibodies Usually, present IAbsent

[Endogenous insulin ILow or absent Normal, decreased
or increased

Type 1 Diabetes Mellitus !

With an age predilection of around 20 years, this subtype involves the loss of insulin-producing beta cells in the
pancreas, leading to severe insulin deficiency. The major cause is T-cell mediated autoimmune attack leading to
loss of beta cells.! Genetic inheritance along with triggering environmental factors or viral infections have been
implicated in the precipitation of the condition.The disease can develop later in life and is known as Latent
autoimmune diabetes of adults (LADA). !

811



Abdulaziz Ahmed M Algahtani, Ahmed Hamzah Bukhari, Abdulrahim Ali Alghamdi, Mohammed Abdulghani Sindi, Sagr Abdullah Aldawsari,
Adel Obaidallah Aloufi, Ayed Salem Alghamdi’, Hani Ruddah Alsufyani, Mohammed Mihmas Albagami, Doaa Mahmoud Johari, Wed Ziyad
Alnajjar, Rogayah Ibrahim Bellou, Hadeel Mohammed Mahjoob, Elham Hamid Ghabashi

Type 2 Diabetes Mellitus
It is the most common type of diabetes with approximately 95% of the reported cases of diabetes'?! The
etiological factor for Type 2 DM is the lack of responsiveness of the insulin receptors in the body. This leads to
a condition where the blood glucose is not properly metabolized by the body, leading to elevated glucose
levels® Another manifestation of diabetes is seen during pregnancy. Gestational diabetes is hyperglycemia seen
during pregnancy. It is linked with potential complications during the pregnancy such as increased birth weight,
congenital heart and CNS abnormalities, respiratory distress syndrome, and future development of Type 2 DM
in both mother and child™® Other conditions linked with the potential development of
diabetes include: endocrinopathies such as Cushing’s, acromegaly, thyroid disorders; genetic defects of beta cell
function or insulin action, pancreatic defects like chronic pancreatitis, pancreatic neoplasia, cystic fibrosis;
CMV or coxsackie virus; drugs such as corticosteroids, beta-adrenergic agonistsl
Clinical presentation and diagnosis
Patients present with a variety of complaints such as increased thirst with dry mouth, frequent urination, fatigue,
blurred vision, numbness or tingling feeling in hands or feet, slow healing sores, and frequent skin and/or
vaginal yeast infections.!®! The onset of symptoms is slow and often might go unnoticed for years.!?!
Diagnosis of diabetes is established on the basis of impaired glucose metabolism along with the glucose levels
in the body. Tests that can be used for diagnosis include

e Fasting plasma glucose level > 7.0 mmol/L (126 mg/dL)

e Plasma glucose > 11.1 mmol/L (200 mg/dL) two hours after undertaking a glucose tolerance

test (GTT)

e Symptoms of high blood sugar and plasma glucose > 11.1 mmol/L (200 mg/dL) — fasting or

not

e  Glycated hemoglobin (HbA1C) >48 mmol/mol (> 6.5 DCCT %)
The WHO diagnostic criteria include: 1!

Table 2: Clinical presentation and diagnosis of patients with glucose level.

Condition 2-hour glucose (mg/dl) [Fasting glucose (mg/dl) [HbAi. (DCCT%)
INormal <140 <110 <6.0

Impaired fasting[<140 110-125 6.0-6.4

glycemia

Impaired glucosep> 140 <126 6.0-6.4

tolerance

[Diabetes mellitus > 200 > 126 > 6.5

Two fasting glucose measurements at or above 7mmol/L (126 mg/dl) are considered diagnostic for diabetes
according to the recent diagnostic criterion. 7!

Complications of diabetes

Diabetes is considered an immunocompromised state and is known to be associated with several serious long-
term complications that may or may not be due to mismanagement of the disease. The complications range from
ketoacidosis to hypoglycemia, and other systemic impediments. 1l

Acute complications of diabetes mellitus

1. Diabetes Ketoacidosis (DKA)

Itis commonly seen in emergency conditions commonly associated with type 1 DM. Due to the excess of
ketone bodies, there is electrolytic imbalance leading to symptoms such as nausea, vomiting, acetone-smelling
breath, Kussmaul breathing, and in severe cases, coma. /8!

Management of DKA involves quick diagnosis of the anionic gap. Mainstays of therapy include fluid
replacement along with insulin therapy to suppress ketogenesis, providing electrolytes like bicarbonate and
sodium. !

1. Hyperosmolar hyperglycemic state

It is a less commonly seen condition compared to DKA. It is more commonly associated with Type 2 DM. It is
characterized by dehydration occurring secondary to severe hyperglycemia, resulting in an altered mental state
and possibly coma.'"™ The precipitating factors include infections, discontinuation/omission
of antidiabetic medications, cardiovascular events, pancreatitis, and drugs. Blood glucose is significantly raised
(>30 mmol/L) along with osmolality ( >320 mOsm/kg) with the latter being an indicator of severity and
monitoring of treatment. !
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1. Hypoglycemia

It is a complication of insulin therapy wherein, in diabetic patients, the blood glucose level falls below 75
mg/dl."? The causative agents are exogenous insulin or insulin secretagogues such as sulfonylurea. A fall of

blood glucose below 54 mg/dlis

labeled as severe hypoglycemia.

Sev

ere hypoglycemia has grave

consequences such as cognitive impairment along with seizures, loss of consciousness, and coma.Hypoglycemia
can increase the risk of mortality in a range from 50% to 600%.!131 Diabetes mellitus is a lifelong disease state
that is accompanied by secondary systemic disorders that affect the macro and microvasculature of the body.
Table 3:Long-Term complications of diabetes mellitus.

MICROANGIOPATHIES
System affected Pathogenesis Consequences Management
Diabetic Polyol pathway, AdvancedVision loss due toAnti VEGF  -Ranibizumab,|
retionpathy!'¥ glycated end productsidiabetic macular edemaPegaptanib
accumulation, Protein kinase C(DME) Nonspecific anti-angiogenic-
pathway, Hexosamine Squalamine, AKB-9778
pathway Intravitreal steroids-|

Triamcinolone, DEX implant
IL-6 inhibitor- EBI-031

Diabetic nephropathy]|
[15]

IAbnormal homeostasis along
with Renin-angiotensin|
aldosterone system, advanced
elycated end products,
activation  of  transforming
growth factor-f1, connective
tissue growth factor, mitogen-|
activated protein kinase,
reactive oxygen species

Leads to end stage kidney]
disease

IADA  recommended targeted
HbA . level of 7.0%
[Use of second-generation|

sulfonylurea such as glipizide and
gliclazide

lUse of DPP-4 inhibitors ['®! and
SGLT2 inhibitors ['7!

IADA recommended blood|
pressure target of ,140/90 mmHg
along with RAAS inhibitors-
IARBs and ACE inhibitors [!*]
Vitamin D Receptor Activators!!”
Pentoxifylline ¥

Diabetic neuropathyDemyelination, reducedLeads to distal symmetriclmproved glycemic control
[19] Schwann cell-axon transport,polyneuropathy  (DSP),Dietary and lifestyle intervention
ischemia, reduction ismuscle weakness,Use of a-Lipoic acid and
neurofilament diabetic amyotrophy Benfotiamine administration
lPain control by calcium channel
220 ligands, serotonin and
noradrenaline reuptake inhibitors
(SNRIs), tricyclic antidepressants
(TCAs), gabapentin, pregabalin.
Diabetic Oxidative  and  nitrosativellschemic stroke, transientImproved glycemic control
encephalopathy ) stresses, changes in the thiol-ischemic attacks, vasculafModulation of HSP7012"
disulfide system, mitochondrialdementia, andAdministration of Dendrobine 2!
and endothelial dysfunction,neurodegenerative
heat shock protein rocesses.
Diabetic renin-angiotensin-aldosterone |Decreased myocardiall DPP4 inhibitor- Sitagliptin
cardiomyopathy system and the sympatheticdeformability, DiastolicSGLT-2 inhibitor-Dapagliflozin,

[22]

nervous system leading to
hepatic lipolysis, lipogenesis,)
and gluconeogenesis,

(221 mitochondrial dysfunction|
and ROS generation %]

dysfunction, heart failure
[24]

Canagliflozin
GLPIR agonist — Liraglutide 4

Periodontal disease

Low levels of IL-10[23!

Chronic periodontitis

Control of glycemic levels
Scaling and root planing
Lycopene 2]

Macroangiopathies

These commonly lead to cardiovascular disease and are caused by dyslipidemia and hypertension. These can be
cardiovascular, cerebral vascular, or involving the peripheral vasculature. These complications manifest as
unstable or stable angina, dysesthesias, facial droop, hemiparesis, dizziness, slurred speech, gait difficulties, and
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visual loss. In case of peripheral vasculature involvement, there can be exertional leg pain or ischemic
ulcers. 7!
Management of Diabetes Mellitus
Diabetes is a lifestyle disease that progressively involves multiple systems and thus requires management that
targets beyond systematic control to reduce the morbidity and mortality that the patient faces along with the
economic burden of the disease. Shen et al reported that groups with good medication taking and lifestyle
changes had lower HBAIC levels.Thus the management of the disease should encompass prevention of the
disease, self-management, and pharmacological management of comorbidities to reduce the occurrence of long-
term complications. 281
Prevention
WHO suggests that diabetes prevention, especially Type 2 DM, can be achieved through lifestyle changes.
These suggested changes include:
. Reaching and keeping a healthy body weight

Moderate exercise of about 150 minutes each week

A healthy diet with avoidance of sugars and saturated fats

Avoidance of tobacco smoking

Dental care and good oral hygiene 1*!
Self-management and care coordination
Lin et al recommended that self-management scales aid in the detection of healthcare problems early along with
creating patient awareness regarding glucose monitoring./?’! Rawlins et al also reported a decrease in AIC in
groups with a care coordinator that motivated patient behavior changes toward glucose control.*® WHO also
recommends regular screening for nephropathy and eye exams for retinopathy.?!
Diet control is a well-established method of managing diabetes. It is recommended to intake a balanced diet
with approximately half a plate of non-starchy vegetables,1/4 plate of lean protein, and % plate of grain/starch.
Reduction in excessive carbohydrates along with regular 3 meals help to regulate the blood sugar levels,
preventing the possibility of hypoglycemia. UIExercise along with weight reduction targeting abdominal
obesity are beneficial in diabetes management. Exercise helps to reduce the risk of cardiac events, along
with controlling dyslipidemia and increasing the effectiveness of insulin. American Diabetes Association states
that exercise makes the muscle cells more sensitive to the action of insulin for up to 24 hours.3?! Weight loss is
linked with a reduction in the progression of Type 2 DM along with the development of long-term
complications. There are also links between the decrease in beta cell destruction and weight reduction.
These management methods help to prevent the worsening of glucose levels along with regular examination to
prevent any further complications. These help to also reduce the burden on healthcare facilities. 133!

Pharmacological Management

1. Glucose control and monitoring
Management of hyperglycemia is known to aid in reducing the complications associated with long-term
uncontrolled diabetes. Good glycemic control is the target of any medical therapy, with the American Diabetes
Association recommending an HBAIC of 6.0-7.0%, without significant hypoglycemia.’ Use of anti-
diabetic medication such as insulin replacement therapy, which is used for Type 1 DM, and oral hypoglycemic
agents such as metformin, sulfonylurea (glipizide, glimepiride, and gliclazide), and GLP1 agonists (semaglutide,
liraglutide) are the mainstays of treatment of Type 2 DM. Semaglutide (Ozempic) has gained traction for its
use in chronic weight management.s! The increase in the use of continuous glucose monitoring devices has
provided methods of efficient glucose monitoring along with conventional fingerstick glucose monitors.These
devices can also be used for automated insulin dosing. 3
1. Other systemic management and surgery
The use of statins to control dyslipidemia and drugs targeting the RAAS system to control hypertensionare used
as adjuvant methods to control and prevent the long-term complications of diabetes. Bariatric surgery is often
used to reduce weight and improve insulin sensitivity in diabetic patients. 7!
1. Vitamin and medicinal plants
The use of vitamins and medicinal plants is often implicated as beneficial in managing diabetes. Yedjou et
al evaluated the peer-reviewed literature regarding the use of vitamins and medicinal plants and recommended
their use as a cost-effective method for the prevention and management of diabetes, especially in developing
countries. 38l
The role of physiotherapy in preventing long-term consequences and complications of diabetes:
Physiotherapy plays a crucial role in preventing long-term consequences and complications associated with
diabetes through various therapeutic approaches. One effective method is magneto-laser-ultrasonic therapy,
which has been shown to positively influence metabolic processes, including carbohydrate and lipid
metabolism, thereby potentially preventing complications related to diabetes. When combined with EHF-
puncture, this combination therapy has been identified as particularly effective in enhancing metabolic health.
1391 Additionally, a specifically designed physical therapy treatment for diabetic neuropathic patients has
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demonstrated significant benefits, including reductions in distal numbness and improvements in muscle function
and mobility. “IThis is essential for maintaining quality of life and preventing further complications in diabetic
patients. [3%

Conclusion

Diabetes is an ailment with multisystemic consequences which significantly affect the morbidity and mortality
of the patient. Hence it is essential to assess and establish a comprehensive methodology to manage the disease
that targets not only glycemic control, but the complications associated with it. Moreover, dosed exercise
therapy is another vital component, as structured physical activity has been proven to improve metabolic
processes and cardiovascular health, which are critical in managing diabetes. The integration of glucose-
lowering drugs with these physical therapies further supports blood sugar control, reducing the risk of long-term
complications.
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