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Abstract

Diabetes is a chronic hyperglycaemic disorder. Due to altered metabolism of insulin and related
pathways, consistently raised blood glucose levels leads to manifestation of collateral pathophysiologies
or complications. Such long term complications include cardiovascular diseases, nephropathy,
neuropathy and retinopathy. Microvascular complications are the major cause of these pathologies.
Understanding the etiology of these complications is important to devise effective prevention and
treatment strategies. Therefore, the current review was undertaken to enumerate various diabetes
related pathologies, the relevant mechanisms, disease progression and available treatment options. The
data was collected from major indexing services like-PubMed, Scopus, Google Scholar and some related
journals which fall under the scope of the review paper. The major keywords which were used for the
collection of data include diabetes, pathophysiology of diabetes, comorbidities of diabetes, diabetes
complications, diabetes management, diagnosis of diabetes, diagnosis of comorbidities of diabetes etc.
Most of the articles referred are published in last 8 years. However, some relevant articles are also
considered which are published before this time frame.
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Introduction
Diabetes is a complex set of metabolic disorder in which the
blood sugar levels are consistently raised. In most of the cases
the body is either unable to produce insulin effectively or not
able to effectively utilize synthesized insulin in the body or
sometime a combination of both. Glucose is the source of
energy for daily activities. Insulin a hormone produced by the
β-cells of Islets of Langerhans of the pancreas helps glucose
entre into the cells and through biochemical processes it is

broken into usable energy forms- adenosine triphosphate (ATP)
[1].

Diabetes is basically of two types namely- Type1 diabetes and
Type 2 diabetes (Figure 1). Type 1 diabetes is caused by lack of
insulin production due to destruction of insulin producing β-
cells (Islets of Langerhans) in the pancreas. Thus, it is also
referred to as insulin dependent diabetes mellitus. Type 2
diabetes is commonest form of diabetes. It is caused by a
combination of factors including insulin resistance, in which
the body is unable to use the insulin effectively. Type 2
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diabetes develops when the body is unable to compensate for
the impaired ability to use insulin. Sometimes it is also referred
to as insulin independent diabetes mellitus. Apart from the
two-basic type of diabetes, gestational diabetes is also reported
in women during pregnancy [2].

According to the report of WHO, the number of people with
diabetes rose from 108 million in 1980 to 422 million in 2014

[3]. The worldwide number of adults with diabetes mellitus is
projected to double during the next 2 decades from 135 million
in 1995 to more than 300 million by 2025, and the majority of
cases are reported in developed countries [4]. Persistent high
blood sugar level can be hazardous to health. Although
diabetes has no permanent cure, several steps can be taken to
manage diabetes and to maintain a healthy life.

Figure 1: Types of diabetes and their causing causative factors

Complications and Comorbidities of Diabetes
Diabetes is a complex set of metabolic disorder and has its
impact on different organs and diseases (Figure 2) [5-9]. Apart
from being a deadly disease, diabetes is responsible for causing
various complications related to different parts of the body

such as nerve, heart, foot, eye, gum and sexual dysfunction
(Table 1). In most of the cases, life style management plays an
important role in preventing them, several novel therapies are
also being investigated for the treatment [10,11].

Table 1: Etiology, diagnosis and treatment methods for different diabetes complications

Complication type Distinguishing symptoms Diagnosis Therapy/Treatment

Cardiovascular
disease

Chest pain, heartburn, shortness of
breath, excessive sweating, nausea,
vomiting, tiredness

 Chest radiography,
electrocardiography,
echocardiography,
catheterization, MRI

Blood pressure management, blood glucose monitoring, individualization of
medication

Nephropathy  Inconsistent blood pressure,
presence of protein in urine, loss of
appetite, nausea, vomiting

 Blood test, urine test,
imaging test, renal function
test, kidney biopsy

 Management of blood sugar and hypertension, Angiotensin- converting
enzyme (ACE) inhibitors like captopril, enalapril, lisinopril, and ramipril are
the first line drugs for the treatment.

Neuropathy  loss of sensation in various parts
such as hands, arms, feet, and legs

 physical examinations like
filament test, quantitative
sensory testing, nerve
conduction studies,
electromyography,
autonomic testing

 Management of blood glucose level, proper diet, exercise and cessation of
smoking, anti-seizure drugs like pregabalin, gabapentin, carbamazepine
and antidepressants like desipramine, imipramine is also included in the
therapy for relief from the pain

Retinopathy  Floaters, distortion, and/or blurred
vision

 dilated eye examination,
fluorescein angiogram and
ocular coherence
tomography (OCT)

 Management of blood glucose and blood pressure levels, laser surgery,
treatment with corticosteroid-releasing implants, Aflibercept, bevacizumab,
ranibizumab etc.

Sleep apnea  Periodic breathing, respiratory
abnormality

 Patient history and physical
examination,
polysomnogram

Good sleep hygiene, cognitive behavioral therapy, sleep restriction and
relaxation therapies, medications like: anti-parkinsonian drugs (dopamine
agonists) like levodopa, carbidopa, bromocriptine mesylate etc.,
benzodiazepines like lorazepam, clonazepam, diazepam etc., non-
benzodiazepine like zolpidem, eszopiclone etc., opiates, like codeine,
oxycodone, methadone etc., are often prescribed to the patient with sleep
disorders

Thyroid dysfunction Nervousness and tremor, mental
mental fogginess, m menstrual

 Sensitive serum thyroid
stimulating hormone assay

 Thyroid hormone analogues, L-thyroxine are the most widely used thyroid
hormone replacement.
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changes, mweight gain, m high
cholesterol levels

Sexual dysfunction  Inability to maintain firm erection  Careful examination of
penis and testicles and
checking your nerves for
sensation, blood tests

 Treatment can be done by drugs and changes in the life style and daily
routine habits, various oral therapies available in the treatment of the ED:
sildenafil citrate, tadalafil and vardenafil

Pancreatitis  Upper abdominal pain, Oily, smelly
stools (steatorrhea), Weight loss

 Blood test, stool test,
computerized tomography
(CT) scan to look for
gallstones, abdominal
ultrasound

 Management of the disease is usually based on first line therapy to control
the hyperglycemic condition of the patient, metformin, glipizide,
glebenclamide are some of the first line treatment strategy to control high
blood glucose level

Diabetic foot ulcer Swelling, discoloration, foul-
smelling discharge seeping from
wound, fever and chills

Nylon monofilament test,
transcutaneous oxygen
measurement, ankle-
brachial index, absolute toe
systolic pressure

Offloading the wound, daily saline dressings, debridement, antibiotic
therapy

Vitamin D
insufficiency

 Malaise and deficient immune
system, chronic pain, depression,
hair loss, weakness

 Testing vitamin D levels
through blood test

 Dietary supplements rich in vitamin D may help in management of type 2
diabetes. Diabetes is a dietary disorder which may be reversed with the
help of holistic diet and health and active life style

Rate of mortality has decreased in the recent times however,
with the growing population and altered life style, rate of
people being diagnosed with diabetes has increased

enormously. Diabetes has diversified and mostly effecting
people in the middle and lower income countries [9,12].

Figure 2: Complications and comorbidities of diabetes

Cardiovascular Complications
Diabetes has its impact on cardiovascular system and may
provoke stroke and other cardiac disorders. It is usually seen
that patients with type 2 diabetes are prone to congestive heart
failure. Chronic hyperglycemia is one of the factors which may
cause cardiomyopathy; apart from that other factors which
influence the disease are severe coronary atherosclerosis,
prolonged hypertension [13], micro vascular disease,
glycosylation of myocardial proteins, and autonomic
neuropathy. Glycemic control, better control of hypertension
and prevention of atherosclerosis may help in the management
of cardiomyopathy [14].

Diabetes mellitus is not merely a disorder of carbohydrate
metabolism; it also influences vascular diseases affecting
nearly all type and sizes of blood vessel. Complications in
vascular system are responsible for the morbidity and death of
patients with diabetes mellitus [15,16].

Other cardiovascular diseases which are influenced by diabetes
are coronary artery disease, peripheral arterial disease, and
stroke. Diabetes is also the main cause of the various
macrovascular complications such as diabetic nephropathy,
neuropathy, and retinopathy [17] (Table 2). Hyperglycemia and
insulin resistance are the two-major causes of cardiovascular
complications. The linkage between diabetes mellitus and
macrovascular disease was first studied about 40 years ago
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which has reported the risk of myocardial infarction (MI) and
cardiovascular deaths in different populations [18].

Table 2: Micro-vascular and macro-vascular complications of diabetes

Complications Factors

Microvascular complications  

Retinopathy ↑ blood glucose, ↑ blood pressure damages blood vessels leading to retinopathy, cataracts and glaucoma.

Nephropathy ↑ blood pressure damages blood vessels and ↑ blood glucose makes the kidney to overwork resulting in nephropathy.

Neuropathy ↑ blood glucose cause injury to nerves mostly in the legs and feet region. This may remain undetected and lead to gangrene.

Macrovascular complications  

Cerebro-vascular ↑ blood glucose cause increased risk of cerebrovascular disease and cognitive impairement.

Cardio-vascular ↑ blood glucose, ↑ blood pressure and insulin resistance causes higher risk of coronary heart disease.

Peripheral vascular ↑ blood glucose results in narrowing of the blood vessels, ↓ blood flow to the peripheral parts leading to slow healing process in the
feet wound and eventually leading to gangrene.

↑ represents increased; ↓ represents decreased

Both type 1 and type 2 diabetes are associated with different
types of risk in different population. The Nurses’ Health Study
comprising comprising of 116, 316 women aged between 30 to
55 years and followed up for 26 years concluded that type 1
diabetes mellitus was associated with increased risk of both
ischemic and hemorrhagic strokes, whereas type 2 diabetes
mellitus increased the risk of ischemic stroke, but hemorrhagic
stroke was not associated with type 2 diabetes [19].

Better understanding of the mechanism of the disease can
assist clinicians in dealing with cardiovascular diseases in
patients with diabetes and could help in lessening the
devastating complications [20].

Figure 3: Different diagnostic methods for cardiovascular disorders

Heart failure is a serious condition with high prevalence. The
cost associated with the treatment of the disease is also very

high. A powerful sickness control approach with analysis of
massive quantity of information, early detection of the
sickness, evaluation of the severity and early prediction of
damaging activities may help in inhibiting the progression of
the disease. It will subsequently improve the quality of life of
the patients and will help in reducing the associated medical
costs [21,22]. There are some of the common methods that
have been used for the diagnosis of most of the cardiovascular
diseases (Figure 3) [23,24].

There are various treatment methods available for the diabetic
heart disease (DHD). It can be managed by the controlling
some of the factors such as blood glucose level. Cardiovascular
diseases contribute to higher mortality rate in diabetic patients
which is a matter of concern. Various risk factors including
hypertension, obesity and dyslipidemia also add up to
cardiovascular risk factors among diabetes patients. Risks
factors targeted therapies are needed to improve the condition
of patients [25].

Management of Type 2 diabetes includes moderate weight loss
(~7% of body weight). It improves blood glucose levels, and
also positively impact blood pressure and cholesterol levels in
the body [26]. Individualization of medication is the key for
managing cardiovascular complications associated with
diabetes. Incretin-based therapies, Dipeptidyl peptidase-4
(DPP-4) inhibitors, glucagon-like peptide-1 (GLP-1) receptor
agonists are some of the newer medicinal approaches for the
management of cardiovascular complications associated with
diabetes.

Diabetic Neuropathy
Neurons transmit signals to various parts of the body. Due to
the damage of nerve cells caused by both forms of diabetes-
type 1 and type 2 is associated with various neurological
disorders which are together called as diabetic neuropathy.
High blood glucose level can cause injury to nerves mostly in
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the legs and feet region. There are basically two types of
diabetic neuropathies (Figure 4) [27].

• Sensorimotor neuropathies
• Autonomic neuropathies

Symptoms of diabetic neuropathy include loss of sensation in
the various parts such as hands, arms, feet, and legs. It is
thought to affect 1.9% of the world’s population.

Figure 4: Types of diabetic neuropathies

Diagnosis of the disease is mostly based on physical
examinations like filament test, quantitative sensory testing,
nerve conduction studies, electromyography, autonomic testing
etc. [27].

Treatment strategy includes management of the diabetes,
keeping blood glucose level under control which may help in
slowing down of the disease progression. Proper diet, exercise
and cessation of smoking help a lot in keeping the disease
under control [28-30]. Anti-seizure drugs like pregabalin,
gabapentin, carbamazepine and antidepressants like
desipramine, imipramine is also included in the therapy for
relief from the pain [31].

Diabetic Retinopathy
Among the complications of diabetes (type 1 and type 2),
diabetic retinopathy is one of the major one. High blood sugar
levels damage the blood vessels of retina, eventually leading to
retinopathy [32]. The over-production of a protein called
vascular endothelial growth factor (VEGF) is another major

cause of retinopathies. Lack of oxygen or hypoxic condition
causes more production of VEGF, which in turn stimulates the
growth of additional blood vessels in eye, a process which is
highly beneficial in hearts but has a contrary effect in eye. The
abnormal blood capillaries do not occur in the retina, but it
grows in the vitreous region in diabetic retinopathy. Diabetic
retinopathy can be managed by controlling the blood glucose
and blood pressure levels. Anti-VEGF” medication is another
approach for managing retinopathy [33]. In spite of being a
novel approach, anti-VEGF fails in a considerable number of
patients. Several new therapies are being developed for the
treatment of the disease such as corticosteroid-releasing
implants, which may be particularly useful in pseudophakic
patients, and treatments targeting kinin–kallikrein system
(KKS) [34]. Aflibercept, bevacizumab, ranibizumab are some
of the FDA approved medication which are capable of
reducing macular oedema.

Laser surgery is also exploited for the treatment of the eye
diseases. It has proven that laser therapy reduces the risk of
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severe visual loss by >50% in eyes with high-risk
characteristics and may also be beneficial in diabetic
retinopathy [35].

Vitrectomy, a surgery in which the Vitreous Humor Gel is
removed to provide higher access to the retina is another novel
approach for the management of retinopathy. After the surgical
operation, saline, silicone oil may be injected into the vitreous
gel which will assist to keep the retina functional. Vitrectomy
brings significant improvement in the visual outcome [36,37].

Hypoglycemia
Hypoglycemia is a condition, in which excess production of
insulin causes low levels of blood sugar. Anti-hyperglycemic
agents increase insulin in the body and due to the increased
levels of insulin, blood sugar level gets too low. Hypoglycemia
also occurs by skipping meals, eating less than normal and
excess medication [38]. Symptoms of hypoglycemia includes-
sweating, heart palpitations, shaking, dizziness, hunger,
confusion, drowsiness, speech difficulty, odd behavior and
incoordination [39].

The patients having diabetes along with chronic kidney disease
have a higher frequency of hypoglycemia than the people who
are having diabetes but devoid of chronic kidney disease. It
was observed in a retrospective analysis involving more than
200,000 patients that the rate of hypoglycemia was
approximately twice as high in diabetic patients with chronic
kidney disease (glomerular filtration rate <60 mL/min per 1.73
m2) than those without chronic kidney disease (glomerular
filtration rate ≥60 mL/min per 1.73 m2) [40,41]. Reasons for
this increased risk include reduced insulin requirements
because of decreased renal clearance of insulin, decreased
degradation of insulin in peripheral tissues, reduced renal
gluconeogenesis and prolonged half-life of other drugs in
chronic kidney disease. In a study conducted on rat model,
hyperglycemia was observed in diabetic pregnant rats due to
increased gluconeogenesis [42,43].

Elderly patients are at higher risk of hypoglycemia.
Deteriorating renal function affects the drug clearance, leading
to drug depot in the body, adverse interactions and decrement
in the cognitive functioning. Glycemic thresholds at which
counter-regulatory responses to hypoglycemia occur are
lowered in elderly persons (e.g., <2.0 mmol/L [36 mg/dL])
decreasing potential reaction time for corrective action and
increasing the risk for asymptomatic hypoglycemia [44-46].

Elder adults with diabetes are having a higher risk for
hypoglycemia due to altered adaptive physiologic responses to
low glucose levels [47]. Hypoglycemia prevention is an
important part of diabetes mellitus management and strategies
include patient education, glucose monitoring, appropriate
adjustment of diet and medications in relation to everyday
circumstances including physical exercise, and the application
of new technologies such as real-time continuous glucose
monitoring, modified insulin pumps and the artificial pancreas
[48].

Diabetic Nephropathy
Diabetic nephropathy is defined as the damage caused to the
kidney by the high blood sugar due to diabetes [49]. Diabetic
kidney disease (DKD), the most frequent and dangerous
complications of diabetes affects about one-third of the patients
with diabetes. Both forms of diabetes type 1 and type 2 may
lead to nephropathic condition of kidney. In addition to the
other organs, kidneys also play an important role in glycemic
control, particularly due to renal contribution to
gluconeogenesis and tubular reabsorption of glucose [50].
Diabetes is the leading cause of end-stage renal disease
(ESRD) [51].

Medical screening program is encouraged to recognize a
disease in its early phase so that intervention can occur at
preclinical stages which ultimately lead to better outcomes.
Screening programs may also promote public awareness and
education and serve as medical outreach to underserved
populations. Such programs have certain factors such as
benefits, risks, and costs. For a screening program to be
beneficial, it should fulfill several criteria [52-54].

Angiotensin-converting enzyme (ACE) inhibitors like
captopril, enalapril, lisinopril, and ramipril are the first line
drugs for the treatment. These inhibitors have the potential to
lower the amount of protein in the urine and also reduce the
risk of cardiovascular diseases [55].

Angiotensin II receptor blockers (ARBs), such as candesartan
cilexetil, irbesartan, losartan potassium, and telmisartan [56]
are another class of drug having potential to treat diabetic
nephropathy. However, these conventional dosage forms
undergo extensive first pass metabolism which reduces their
bioavailability. Transdermal delivery has gained a significant
importance for treatment of the hypertension due to their
availability to avoid first pass metabolism [57]. Diabetic
nephropathy was categorized into stages: micro albuminuria
and macro albuminuria. Microalbuminuria screening should be
performed yearly [58]. Patients with micro and macro
albuminuria should undergo an evaluation to check the
presence of comorbid associations [59].

Glycemic control is essential to delay or prevent the onset of
DKD. There are a number of glucose-lowering medications
available in the market but only a fraction of them can be used
safely in chronic kidney disease and many of them need proper
dosing adjustment [60].

Many factors initiate or promote DKD. Initiators of DKD
include hyperglycemia and altered expression of certain genes.
Promoters of the disease include hyperglycemia, hypertension,
dyslipidemia, smoking, ethnicity, sex, age, and a long diabetes
duration [61-64].

Blood pressure (BP) control is generally recommended to
prevent stroke, cardiovascular disease, and albuminuria.10
mmHg decrease in systolic BP was associated with reduced
levels of diabetic microvascular complications, including
nephropathy [65,67]. Angiotensin II receptor blockers (ARBs)
or angiotensin-converting enzyme (ACE) inhibitors are
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recommended to control BP with nephrological symptoms
[68]. Many novel medications like mineralocorticoid receptor
antagonists, endothelin receptor antagonists are being
investigated for DKD.

Diabetes and Foot
Diabetic foot disease is a complication of diabetes mellitus,
affecting up to 50% of patients with both type 1 and 2 diabetes.
It can be classified into neuropathic foot and ischaemic foot.
Neruopathic foot is characterized by neuropathic ulcers,
charcot joint and neuropathic oedema while in ischemic foot
atherosclerosis is the predominant factor leading to the disease
[69,70].

Current available treatments for diabetic foot disease are
usually not as effective as they should be. This is due to the
insufficient knowledge of its underlying mechanisms and
treatment tools which may be due to lack of interest and
research resources allocated to the study of this complication
worldwide [71].

Unfortunately, often patients are in denial of their disease and
fail to take ownership of their illness along with the necessary
steps to prevent complication and to deal with the many
challenges associated with the management of diabetic foot
ulcers (DFU). However, numerous studies have shown that
proper management of DFU can greatly reduce, delay, or
prevent complications such as infection, gangrene, amputation,
and even death [72,73].

Diabetes and Gums
Periodontitis is a common chronic inflammatory disease which
is characterized by destruction of the supporting structures of
the teeth (the periodontal ligament and alveolar bone). It is
highly prevalent with severe periodontitis affecting 10–15% of
adults and has multiple negative impacts on quality of life
[74-76].

It has been suggested that there is a threefold higher risk in
people with diabetes (type 1 as well as type 2) to develop
periodontitis. However, a clear mechanism to relate these two
conditions is still not completely understood [74].

Apart from periodontal and gingival inflammation, diabetes is
often also related to other oral complications like xerostomia,
dental caries, candida infections, burning mouth syndrome etc
[74].

Most of the treatment strategies include elimination of
infection either through removal of plaque or calculus or
through maintaining the glycemic level. Apart from that, over-
the counter antibacterial rinses are also often prescribed to
decrease the bacterial load and assist in gum healing.
Chlorhexidine is one of the most commonly used oral rinses
[74].

Sexual Dysfunction
Diabetes is known to cause multiple medical, psychological,
and sexual dysfunctions. Impaired sexual function in men is a
well-documented complication of diabetes. Type 2 diabetes has
been linked to erectile dysfunction in many research studies
[77].

Diabetes is an established risk factor for sexual dysfunction
[78,79] in men, a threefold increased risk of erectile
dysfunction (ED) was documented in diabetic men as
compared with non-diabetic men. Erectile dysfunction is the
inability to maintain firm erection for enough period of time to
have a successful sexual intercourse. Damage to nerve and
blood vessels due to poor long term blood glucose level is the
stem cause of ED [79].

The adoption of healthy lifestyles may reduce insulin
resistance, endothelial dysfunction, and oxidative stress – all of
which are desirable achievements in diabetic patients.
Improved well-being may further contribute to reduce and
prevent sexual dysfunction in both sexes [80]. It can be cured
by various treatments. There are recent advances in the
sciences which help in coping up with the disease [81].
Treatment can be done by drugs and changes in the life style
and daily routine habits [81]. Various oral therapies available in
the treatment of the ED include sildenafil citrate, tadalafil and
vardenafil (Levitra) etc. [82].

Diabetes and Sleep
Sleep difficulties are more common in people who have
diabetes than in people who don’t. Sleep disorders have a vice
versa effect on diabetes as person with diabetes are more likely
to develop sleep disorder and loss of sleep (insomnia) may
exacerbate the symptoms of diabetes. It is mostly associated
with type 2 diabetes [77]. Sleep apnea is one of the most
common sleep disorder associated with diabetes.

Sleep apnea is a condition in which breathing repeatedly stops
and starts throughout the night. In another study it was
concluded that diabetes is associated with periodic breathing, a
respiratory abnormality that is associated with abnormalities in
the central control of ventilation. Some sleep disturbances may
result from diabetes through the deleterious effects of diabetes
on central control of respiration [83].

Majority of sleep disorders is diagnosed based on patient
history and physical examination. Polysomnogram is also
exploited for proper diagnosis of sleep apnea. Management of
sleep disorder requires a multi-level approach which includes
adherence to good sleep hygiene, cognitive behavioral therapy,
sleep restriction and relaxation therapies. Apart from the
behavioral approach for managing sleep disorders certain
medications like: Anti-parkinsonian drugs (dopamine agonists)
like levodopa, carbidopa, bromocriptine mesylate etc.,
benzodiazepines like lorazepam, clonazepam, diazepam etc.,
Non-benzodiazepine like zolpidem, eszopiclone etc., Opiates,
like codeine, oxycodone, methadone etc., are often prescribed
to the patient with sleep disorders. However, it is necessary to
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inform the doctor about the current diabetic medication a
patient is receiving to avoid adverse drug reaction and possible
side effects [68].

Diabetes and Thyroid
Along with various disease complications such as diabetic
nephropathy, diabetic retinopathy etc. diabetes is also
associated with abnormal functioning of thyroid and vice versa
[84]. Type 2 diabetes is mostly associated with thyroid
dysfunction. In a study by Bhat et al. [85] it was concluded that
there are chances of abnormal thyroid function in critical ill
patients. The study calculated levels of Serum free
triiodothyronine (fT3), free tetraiodothyronine (fT4) and TSH
(Thyroid Stimulating Hormone). Low fT3 level was the most
common abnormality found in the subjects during the course of
the study [85]. In another study it was found that there is
significant decrement in the levels of iron and ferritin in
patients of hypothyroidism [86,87].

The physiological understanding of correlation between type 2
diabetes and thyroid dysfunction is attributed to genetic
expression, impaired glucose utilization, insulin resistance etc.
Hyper and hypothyroidism is also associated with insulin
resistance and is one of the major causes of impaired glucose
metabolism in type 2 diabetes. Regular screening for thyroid
abnormalities in diabetic patient is important for early
diagnosis and proper management of the disease. Currently
sensitive serum thyroid stimulating hormone assay is the first
line screening test for the disease [86].

Management of the disease is usually done through thyroid
hormone analogues. However, thyroid hormone analogues
come with deleterious effects on muscles, bones and heart. L-
thyroxine is the most widely used thyroid hormone
replacement [87].

Diabetes and Pancreas
Diabetes both the form type 1 and type 2 gradually affects the
pancreas. Continuous high blood glucose level creates a toxic
environment for the beta cells of the pancreas and adversely
impacting their insulin producing capacity. In other cases
usually in type 1 diabetes, beta cells become completely
incapable of producing insulin due to their reactions with
immune defenses of the body. In a hospital-based study by it
was found that all types of diabetes are associated with the
fatty pancreas. Variables that were included in the study were
age, gender, HbA1c, serum creatinine, fasting blood glucose.
Fatty pancreas can be an indication for newly diagnosed
diabetes [88].

Due to diabetes, pancreas may also get injured. In a study for
correlation of type 2 diabetes and pancreatitis, three groups
were categorized: healthy controls, prediabetes, and diabetes.
After the statistical analysis it was found that the level of
serum lipase was elevated in Type 2 diabetes which indicates
that serum lipase is a major cause of pancreatitis [89]. Diabetes
may also lead to pancreatic cancer and vice versa.

The management of the disease is usually based on first line
therapy to control the hyperglycemic condition of the patient.
Metformin, glipizide, glebenclamide are some of the first line
treatment strategy to control high blood glucose level. Newer
medications like gliptins class of drugs are also an important
part of the treatment strategy. However, life style management
plays a pivotal role for maintaining a healthy life of diabetic
patients. In severe condition insulin therapy and surgery are
also considered [89].

Diabetes and Levels of Vitamin D and Good
Cholesterol
Many researchers suggest that vitamin D deficiency is
associated with type 2 diabetes, cardiovascular diseases,
cancers etc. It is hypothesized that low serum 25-
hydroxyvitamin D3 [25(OH)D3] concentrations with type 2
diabetes may be mediated through glucose homeostasis or is
the outcome of a direct effect of vitamin D on the beta cell
function and insulin resistance [90].

In another study conducted with three groups: OHA group
(oral hypoglycemic agent), insulin taking group and control
group. It was found that the levels of 25(OH) was affected due
to the diabetes. The levels of 25(OH) was highest in the control
group followed by the OHA group and least in the insulin
taking group. It concluded that diabetes is affecting all the
major organs and has a major role in various dysfunctions.
Diabetic people have significantly low plasma HDL compared
to the non-diabetic people [90,91].

In a study conducted on type 2 diabetic patients in elderly
group. Various measures were evaluated such as Epworth
Sleepiness Scale (ESS) and Pittsburgh Sleep Quality Index
(PSQI). It was concluded in the study that the low vitamin
levels and disorders in sleep have an effect on the HbA1c
levels [92].

Dietary supplements rich in vitamin D may help in
management of type 2 diabetes. Since, diabetes is a dietary
disorder which may be reversed with the help of holistic diet
and health and active life style.

Conclusion
Even though several medications are available for symptomatic
treatment of diabetic complications, there is always a chance of
reoccurrence. Therefore, dietary regulation and monitoring of
blood glucose level seems to be the most effective way to
prevent any further complications. Regular physical activity or
exercise is known to confer the entry of glucose into the
muscle cells by an alternate mechanism similar to that
facilitated by insulin, thus normalizing hyperglycaemia.
Cardiovascular disease is the single largest cause of mortality
worldwide with dietary causes. Therefore, immediate attention
needs to be given for any symptoms associated with
cardiovascular complication arising out of diabetes. Apart from
that diabetes in both forms (type 1 and type 2) was either found
to be influenced by other diseases or other pathological
conditions were found to modulate diabetic condition. Type 1
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and type 2 diabetes may provoke pathological complications
like neuropathy, retinopathy, and nephropathy. Subjects with
type 2 diabetes have also reported for foot and gum problems.
Sexual dysfunction is another major complication of diabetes
mostly in the form of erectile dysfunctioning in men. Apart
from males, diabetes also influences the sexual life of females.
The disease also has a modulatory effect on sleep cycle of the
patients. Most of the patients with diabetes usually complains
about insomnia (sleeplessness or too much of sleep). Thyroid
gland is one of the major endocrine gland. Type 2 diabetes is
mostly associated with thyroid dysfunction. Many researchers
suggest that vitamin D deficiency is associated with type 2
diabetes, cardiovascular diseases, cancers etc. It is
hypothesized that low serum 25-hydroxyvitamin D3
[25(OH)D3] concentrations with type 2 diabetes may be
mediated through glucose homeostasis or is the outcome of a
direct effect of vitamin D on β-cell function and insulin
resistance. This review briefly summarizes the pathological
comorbidities that may arise due to diabetes. In most of the
cases, management of the disease is based on life style
modulation with some first line medication to control the
glucose level. Apart from that, other complications which may
arise as comorbidity is treated separately with their specific
first line of treatment. In the coming years, we believe that
clinicians will come up with better understanding of the
disease and with optimized and advanced treatment strategies,
the disease can be handled in a more comprehensive manner.
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