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Abstract: Diabetes is a chronic illness. Hyperglycemia is the characteristic of this disorder. 
Diabetes is a global crisis which affects the economy and health of all nations. Over the last 
decades, the number of individuals living with diabetes has significantly increased world
wide. Asia is a key epicenter of the emerging diabetes epidemic, with China and India the 
two nations having the highest number of diabetic people. Economic development, moder
nization, unhealthy diet, population aging, and sedentary lifestyles are the major factors 
responsible for the increasing diabetes epidemic. Diabetes is associated with several com
plications, and cardiovascular disease is the most important cause of morbidity and mortality 
among people with diabetes. These life-threatening problems can be prevented or delayed by 
proper management of diabetes. Lifestyle modification is an important factor to decrease the 
diabetes risk. The frequency of diabetic complications will rise if there is a lack of cost- 
effective and sustainable interventions. Hence, prevention of diabetes and its complications 
such as diabetic retinopathy and cardiovascular disease should be a crucial part of all future 
health-related public policies among all nations. This review summarizes current epidemio
logical aspects of diabetes in the world along with its complications, preventive measures, 
and treatment. 
Keywords: diabetes, hyperglycaemia, modernization, cardiovascular disease, diabetic 
retinopathy

Introduction
Diabetes is a chronic disorder where the human body cannot secrete any insulin 
hormone or produces ineffective or insufficient insulin, which causes an increase in 
blood glucose levels. The pancreas gland secretes insulin hormone, and it transports 
glucose from blood to cells where glucose is broken down in the presence of oxygen. 
Insufficient insulin or incapability to effectively respond to insulin causes hyperglyce
mia or high blood sugar levels, which is the hallmark sign of diabetes. Unchecked 
hyperglycemia for a long time period can cause damage to several body organs which 
leads to critical health problems such as nephropathy, neuropathy, retinopathy and heart- 
related disease. These life-threatening problems can be prevented or delayed by proper 
management of diabetes.1 According to the International Diabetes Federation (IDF), 
approximately 463 million people (ages 20–79 years) were living with diabetes world
wide in 2019. This age group represents 9.3% of the world population. This number is 
projected to rise to 578 and 700 million by 2030 and 2045, respectively, and the biggest 
rises will occur in the areas where economies are moving from low- to middle-income 
status. Economic development, modernization, unhealthy diet intake, population aging 
and sedentary lifestyles are the major factors responsible for the increasing diabetes 
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epidemic.2,3 In this review, we discuss the classification and 
world picture of diabetes. We then describe the prevalence, 
incidence and complications of diabetes. We also discuss 
recommendations from various studies for preventing 
diabetes.

Diagnosis and Classification of Diabetes
Diabetes has been mainly classified into three types: type 1 
diabetes (T1D), type 2 diabetes (T2D) and gestational 
diabetes (GD). Monogenic diabetes and secondary diabetes 
are less common forms of diabetes (Figure 1).4 T1D results 
from the destruction of insulin-secreting pancreatic beta- 
cells which results in a complete deficiency of insulin. An 
interaction of genetic susceptibility and environmental 
agents (such as toxins, viral infections, or a few dietary 
elements) has been implicated in triggering this destructive 
process. T1D can develop at any age but is mostly seen in 
adolescents and children. Almost 90% of all cases of 
diabetes belong to T2D. T2D is mostly found in middle- 
aged individuals and incidence in children and, young 
adults has increased in recent times due to increasing 
levels of unhealthy eating habits, obesity, and sedentary 
lifestyle. T2D is characterized by hyperglycemia linked to 
inability to adequately respond to insulin. However, the 
specific etiologies of the disease are unknown. 
Gestational diabetes usually occurs during the 2nd or 3rd 
trimester of pregnancy. However, it can affect at any time 

of pregnancy. First-diagnosed high blood glucose level 
during pregnancy is categorized as GD or hyperglycemia 
in pregnancy. During pregnancy, GD accounts for about 
75–90% of all incidents of high sugar levels. GD arises 
because of insulin resistance due to production of placental 
hormones. An autosomal dominant mutation in a single 
gene causes monogenic diabetes. Neonatal diabetes and 
maturity onset diabetes of young (MODY) conditions are 
examples of monogenic diabetes. Hyperglycemia onset at 
an early age or before 25 years of age is characteristic of 
MODY. However, MODY can occur at older ages as well. 
When diabetes is diagnosed within the first six months of 
life it is called congenital or neonatal diabetes. Secondary 
diabetes occurs due to other disease complications includ
ing due to drugs (corticosteroids), pancreatic disease (pan
creatitis) or hormonal disturbances (Cushing syndrome).5–7 

Blurred vision, frequent urination, tiredness, and excessive 
thirst are common T1D and T2D symptoms. Among other 
symptoms, persistent fungal infections in skin, numbness 
in feet and hands and slow healing wounds are some 
specific T2D symptoms.4 Symptoms of hyperglycemia in 
pregnancy are not clear and it is hard to differentiate them 
from usual pregnancy signs and symptoms.2 Diabetes can 
be diagnosed by observing increased glucose levels in 
blood. For diagnosing diabetes, 2-h plasma glucose 
(2-h PG) value or fasting plasma glucose (FPG) value is 
observed during the 75-g glucose tolerance test. Diabetes 

Figure 1 Classification of diabetes.
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can also be diagnosed by a glycated hemoglobin (HbA1c) 
test (Table 1). In absence of symptoms of hyperglycemia, if 
one lab test result comes between the range of diabetes, 
a repeat confirmatory lab test (FPG, 2-h PG, HbA1c in 75- 
g OGTT) should be done on the next day.8 However, the 
actual time of T2D onset is hard to determine. 
Consequently, about 1/3rd cases of type 2 diabetes may 
not be diagnosed as people do not show any symptoms for 
years. When remaining undiagnosed for many years, 
chronic hyperglycemic complications may arise. In some 
T2D patients, it is diagnosed when long-term hyperglyce
mic problems arise such as foot ulcers, kidney infection, 
kidney failure, and vision loss.4,7,9 The etiology of T2D is 
not completely understood but significant linkage of T2D 
with increasing weight and age and history in the family 
has been reported. Physical inactivity, high intake of sugar- 
sweetened beverages and low-intake of high fibre food, 
depression, race/ethnicity, smoking, prediabetes, and com
plications associated with polycystic ovary syndrome 
(PCOS), hypertension or dyslipidemia are some key risk 
factors involved in T2D development.9 Excessive weight 
gain in pregnancy, PCOS, obesity, continuing smoking, 
family history of diabetes, older age are some risk factors 
of gestational diabetes.2

Key factors in T2D development are modern lifestyle 
and urbanization which include unhealthy diet intake and 
sedentary lifestyle. Several studies have confirmed that 
modification in lifestyle and healthier diet can prevent or 
delay T2D onset.10 Studies have also demonstrated that 
diabetes risk is not completely attributed to genetic factors. 
A study found that in Pima Indians, newborns of mothers 
with GD were at 3.7 times more risk in developing 

diabetes and obesity compared with newborns with 
healthy mothers.11 Therefore, there is a need to focus on 
fetal diet during the prenatal period and in early life 
years.12

Diabetes as an Epidemic
In 1994, the IDF reported that over 100 million indivi
duals had diabetes and projected that this number will 
increase in future decades across the world.13 Recent 
studies projected that by 2045 about 700 million adults 
(ages 20–79 years) which will be 10.9% of the world’s 
adult population will have diabetes (Figure 2).2 

A National Diabetic Statistic report revealed that about 
30 million individuals were living with diabetes in 2015 
and around 23% of these individuals were projected to be 
undiagnosed.7

Global Situation
In 2019, 9.3% of the world’s adults (ages 20–79 years) had 
diabetes. This represents 463 million people and this num
ber is more than the number predicted by the World Health 
Organization (WHO) in 2014.2,14 The IDF provided data 
of 10 nations worldwide with the most diabetic patients in 
2019 (Figure 3) and predicted the top nations with most 
diabetic patients by 2030 and 2045 (Figures 4 and 5). Out 
of all the top countries, four countries in 2019, 2030 and 
five countries in 2045 are from Asia.2 Due to rapid urba
nization, modernization and economic development, Asia 
will become the epicenter of world diabetes epidemic.15 

These factors are also causing significant increase in the 
number of people with diabetes among Gulf countries of 
the Middle East.16 The highest diabetes prevalence was 
observed in developing countries instead of developed 
nations. About 80% of diabetic patients are living in mid
dle- and low-income societies and nations.17 Most of the 
people having diabetes in these countries have insufficient 
treatment resources, which is one more vital challenge in 
the future.18 Increased premature mortality and morbidity 
rate will have key economic and social results among 
these societies and countries.19,20

Challenges in developing countries related to dia
betes are different from challenges in developed coun
tries. First, in developing countries health systems are 
more concerned towards the cure of single diseases, 
instead of managing several overlapping chronic dis
eases. Second, the increasing diabetes prevalence is 
more in younger individuals (ages < 60 years) in devel
oping countries. Diabetes at this age also has an impact 

Table 1 Diagnosis of Diabetes

2-h PG ≥ 11.1 mmol/L (200 mg/dL) during OGTT using a 75-g oral 

glucose load.

OR

FPG ≥ 7.0 mmol/L (126 mg/dL). Fasting means no caloric intake for at 
least 8 h.

OR

In a patient with classical symptoms of hyperglycemia, random plasma 

glucose > 200 mg/dL (11.1 mmol/L).

OR

HbA1c ≥ 48 mmol/mol (6.5%).

Abbreviations: 2-h PG, 2-hour plasma glucose; OGTT, oral glucose tolerance 
test; FPG, fasting plasma glucose; HbA1c, glycated hemoglobin.
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on peoples’ work and careers. Third, the indigenous 
people of developing countries also have a higher num
ber of complications such as coronary artery disease and 
kidney related disorders in comparison with European 

white populations.21 The therapeutic research focuses on 
novel, but costly medicines and millions of diabetes 
patients in developing countries cannot afford these 
drugs.22

Figure 2 Number of people with diabetes globally in 2019, 2030 and 2045 (in millions).  
Notes: Data from IDF Diabetes Atlas. IDF diabetes atlas, 9th edn. Brussels and Belgium; 2019. Available from: https://www.diabetesatlas.org. Accessed May 11, 2021.2

Figure 3 Number of diabetic people in 2019 (in millions).  
Notes: Data from IDF Diabetes Atlas. IDF diabetes atlas, 9th edn. Brussels and Belgium; 2019. Available from: https://www.diabetesatlas.org. Accessed May 11, 2021.2

Figure 4 Number of diabetic people by 2030 (in millions).  
Note: Data from IDF Diabetes Atlas. IDF diabetes atlas, 9th edn. Brussels and Belgium; 2019. Available from: https://www.diabetesatlas.org. Accessed May 11, 2021.2
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Diabetes Prevalence by Types of Diabetes
According to IDF, around 1.1 million children and young 
adults had T1D in 2019 and the number of newly diag
nosed cases (ages 0–19 years) each year are 128,900.2 

Hyperglycemia during pregnancy (ages 20–49 years) was 
found in 20.4 million of live births in 2019 which will 
reduce to 18.3 million by 2030. Current data reported that 
there are about 373.9 million individuals (ages 20–79 
years) with impaired glucose tolerance (IGT) worldwide 
and it is projected that this number will increase to 453.8 
and 548.4 million by 2030 and 2045, respectively.23,24

Diabetes Prevalence by Age and Sex
The diabetes prevalence considerably increases with age.25 

According to studies, most diagnosed cases of diabetes are 
between the 4th and 7th decade of a person’s life. Studies 
revealed that working age individuals (ages 25–69 years) 
have more diabetes in comparison with older individuals 
(ages > 69 years).26 T1D incidence is increasing in chil
dren and teenagers (ages < 15 years) in many regions of 
the world. IDF projected that every year approximately 
98,200 children (ages < 15 years) are diagnosed with T1D 
and it rises to 128,900 when the age group expands to ≤ 19 
years.2 Gender plays a vital role in presentation, incidence 
and management of the disease.27 In 2019, the projected 
diabetes prevalence was slightly higher in men (9.6%) in 
comparison with women (9.0%) aged 20—79 years. IDF 
estimated that approximately 17.2 million more males are 
diagnosed with diabetes than females. The variation in 
diabetes prevalence among males and females will be 
reduced in future as the number is expected to rise to 
10.4 and 11.1% in males by 2030 and 2045, respectively 
and 10 and 10.8% in females by 2030 and 2045, 
respectively.2

Diabetes Prevalence by Urban and Rural 
Regions, Income Status
Prevalence of diabetes differs across all countries world
wide. Socioeconomic factors such as modernization, urba
nization, industrialization, sedentary lifestyle and 
migration from rural to urban regions may influence dia
betes differently among developing and developed coun
tries. Studies reported that ethnicity plays a vital role in 
prevalence of diabetes in low-, middle- and high-income 
countries.28 Diabetes prevalence is maximum in high- 
income nations (10.4%), followed by middle-income 
nations (9.5%) and lowest in low-income nations (4%). 
Although, the diabetes prevalence will rise to 11.9, 11.8 
and 4.7% in high-, middle- and low-income nations, 
respectively.2,24 Urbanization is positively and strongly 
associated with prevalence of diabetes.29 Previous studies 
revealed that diabetes has been more frequently reported in 
urban populations in comparison with rural populations.28 

The prevalence of diabetes is higher in urban regions 
(10.8%) in comparison with rural regions (7.2%).2 Out of 
all the diabetes patients, 67% of patients are living in 
urban regions. In 2019, around 310.3 million people living 
in urban regions had diabetes and it is predicted that this 
number will increase to 415.4 and 538.8 million by 2030 
and 2045, respectively.2,24 Although, a meta-analysis study 
also found that the diabetes prevalence in rural areas of 
middle- and low-income nations was increased almost 5 
times in 2005–2010 (8.6%) from 1985–1989 (1.8%).30

Trends in Diabetes Incidence
Increase in Diabetes Prevalence
Over decades, the trends of diabetes demonstrate the speed 
and direction of evolution of the diabetes epidemic. Due to 
phosphate deposits mining in Nauru region, this island 

Figure 5 Number of diabetic people by 2045 (in millions).  
Notes: Data from IDF Diabetes Atlas. IDF diabetes atlas, 9th edn. Brussels and Belgium; 2019. Available from: https://www.diabetesatlas.org. Accessed May 11, 2021.2
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population experienced great wealth which caused 
changes in their lifestyle and due to modernization their 
diabetes prevalence increased from nearly 0 (in the 1960s) 
to 35% by the 1970s.31 The inactive lifestyle of the Nauru 
population resulted in a substantial increase in prevalence 
of T2D.32 The T2D prevalence in Nauru was about 50% in 
1994. Though the diabetes prevalence in Nauru region was 
an alert for the worldwide diabetes epidemic in future, the 
situation in Mauritius was also a sign for the diabetes 
epidemic across the world.33 A 23-year study of diabetes 
within different ethnic groups (mainly Asian Indians, 
Africans and Chinese) of Mauritius showed a growing 
diabetes prevalence (from 12.8% in 1987 to 23.4% in 
2009) due to changes in traditional risk factors such as 
ethnicity, smoking, circumference of waist, hypertension, 
family history, body mass index, and age in its 
population.33 Ethnicity of India and China was similar to 
Mauritius ethnic groups and in 1990 Dowse and his col
leagues predicted that due to globalization and modern 
lifestyles, diabetes prevalence would grow significantly 
in coming years in these regions.34 Data from India and 
Chinese population studies confirmed their prediction.4

The study in India covered a 6-year duration and its 
data represent the growing diabetes prevalence in rural and 
urban regions of India from 6.4 and 13.9% to 9.2 and 
18.2%, respectively.35 Another study also observed the 
growing diabetes prevalence in India over a period of 
time in urban as well as in rural areas.31 IDF Diabetes 
Atlas 9th edition reported that in 2019, 116.4 million 
individuals (ages 20–79 years) in China are affected with 
diabetes and it has more individuals with diabetes in the 
world in comparison with any other country. Several find
ings suggested that China is home to the largest number of 
diabetes patients (ages 20–79 years) in the world, followed 
by India.2 The diabetes prevalence in China increased 
substantially in 20 years. In 1980, the diabetes prevalence 
in China was 0.67%, which increased to 11.6% in 2010.36 

In urban areas of China like Qingdao, diabetes prevalence 
had increased significantly (11.3% to 16.5%) in 5 years 
(2001–2006). Furthermore, other findings suggested simi
lar growing diabetes prevalence in Chinese rural regions.37 

Brazil is another example of the growing prevalence of 
diabetes over 30 years.38 A comprehensive study in Brazil 
reported that the diabetes prevalence was 4.7% in 1996, 
which increased to 10.3% in 2012, a more than 100% 
increase in a 16-year time period.39 But the country with 
highest prevalence in 2019 was the Marshall Islands with 
a 30.5% diabetes prevalence rate followed by Kiribati and 

Sudan with 22.5 and 22.1% rate of diabetes prevalence, 
respectively.2 Forouhi et al. (2019) reported that T1D 
incidence has been increasing with an average increase 
of approximately 3% per year around the world. The 
most noticeable rise has been observed in the 0–4 years 
age group.40 Increase in diabetes prevalence has also been 
seen in European populations. In only one decade (1995–
2005), there was a rise of 69% of prevalence of diabetes in 
Ontario, Canada.41 Data from the USA demonstrate an 
annual increase in T2D in youth (ages 10–19 years) of 
around 5% in 2002–2012.42 Similarly, the GD prevalence 
is significantly rising, primarily in high risk type 2 diabetes 
individuals and it may increase the diabetes prevalence 
worldwide.43

Decrease in Diabetes Prevalence
Due to mining of valuable phosphate deposits, Nauruans 
became very rich which caused changes in their lifestyle 
and due to modernization in 1975, the prevalence of dia
betes was very high in Nauru.31 The Nauru population had 
an inactive lifestyle which resulted in a substantial 
increase in the prevalence of T2D.32 The T2D prevalence 
in Nauru was about 50% in 1994. After a decade, Nauru’s 
economy went down, and it became a poor country from 
being a very rich country, and its diabetes prevalence also 
reduced.3 Similarly, there was a reduction in prevalence of 
diabetes in Cuba during an economic crisis.44 These 
results suggested the impact of socio-economic factors in 
incidence and prevalence of T2D.3

Diabetes: Global Healthcare Expenditure
The economic burden of diabetes is huge, and it is 
expected to continue growing. In 2019, the world’s health
care expenditure on diabetes was expected to reach 
$760 billion. It was $232 billion in 2007 and projected to 
reach $825 billion and $845 billion by 2030 and 2045, 
respectively (Figure 6).2,45 

Diabetes-related health expenditure is not the same in 
different nations. In 2019, Caribbean and North America 
regions expended about $324.5 billion on diabetes and this 
was 42.7% of global diabetes care expenditure. These 
regions had the maximum diabetes care expenditure per 
individual (ages 20–79 years) while the Southeast Asia 
region had the least per person diabetes expenditure 
among all regions. The Middle East, Africa, Southeast 
Asia and Central-South America regions spent consider
ably less and altogether contributed only 14.8% of total 
diabetes care expenditure (Figure 7). The USA had the 
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highest expenditure in 2019 ($294.6 billion), followed by 
China and Brazil with $109 billion and $52.3 billion, 
respectively on diabetes. Tuvalu, Principe and Sao Tome 
were among the nations with the lowest healthcare expen
diture on diabetes.2

Health-care expenditure on diabetes depends on 
a nation’s income.18 In the USA, health-care expenditure 
on diabetes increased almost three times from $132 billion 
(2002) to $327 billion in 2017.46,47 One of the reasons for 

this rise was the use of expensive and new treatments and 
medications for diabetes complications. Due to the grow
ing use of costly treatments and medications for diabetes, 
increase in medical expenditure attributed to diabetes in 
future is of major concern in developing nations.18

Due to growing prevalence of diabetes, the need for 
expensive treatments and drugs for diabetes will increase 
and it will lead to an unsustainable rise in global health- 
care expenditure. This will be a big challenge in the future 

Figure 6 World healthcare expenditure (in billion/b) on diabetes (2007–2019).  
Notes: Data from IDF Diabetes Atlas. IDF Diabetes Atlas, 9th Edn. Brussels and Belgium; 2019. Available from: https://www.diabetesatlas.org. Accessed May 11, 20212 and 
International Diabetes Federation. IDF Diabetes Atlas 8th Edition. IDF Executive Office; 2017. Available from: http://www.diabetesatlas.org/. Accessed May 11, 2021.4

Figure 7 Percentage of total diabetes-related health expenditure in 2019 by region.2
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for developed as well as developing countries.18 There is 
a crucial requirement of feasible and cost-effective 
interventions for prevention of diabetes and its complica
tions to reduce future economic collapse.48

Complications of Diabetes
Diabetes is characterized by hyperglycemia. Long-term 
hyperglycemia may cause various complications and it is 
associated with long-term dysfunction, damage and failure 
of numerous organs, predominantly kidneys, eyes, blood 
vessels and nerves. Diabetic complications can be chronic 
(long term) or acute (short term). Chronic complications 
are characterized by damage to the vascular system and 
categorized into macrovascular complications (damage to 
larger blood vessels) and microvascular complications 
(damage to small blood vessels).49 Diabetic people have 
a higher risk of developing macrovascular diseases or 
heart disease. Heart disease is a disorder of the large 
arteries and an inflammatory process which leads to 
stroke, peripheral arterial disease and arteriosclerosis.50 

Cardiovascular conditions are the leading cause of mortal
ity and morbidity in T1D and T2D patients.51 Risk of heart 
disease can be decreased by lowering the increased blood 
pressure and blood glucose levels and by using medica
tions that can lower cholesterol levels in diabetic 
patients.52 Microvascular complications lead to diabetic 
retinopathy, neuropathy and nephropathy and they are the 
key reason for mortality and morbidity in people with 
diabetes.50 Among all microvascular diseases, diabetic 
retinopathy (DR) is an extremely complicated disease, 
and it is one of the important and common causes of visual 
defect and loss of sight in adults (ages 20–74 years).53 The 
prevalence of DR is associated with hypertension, level of 
glycemic control and duration of T1D or T2D. Other risk 
factors such as nephropathy, chronic hyperglycemia and 
dyslipidemia are also associated with DR.54 Blindness and 
visual impairment can be prevented by timely diagnosis 
and treatment of the DR.2 Diabetic neuropathy may 
damage the autonomic and peripheral nervous systems 
and occurs in about 50% of all diabetic patients. 
Duration of diabetes and HbA1c level are the major risk 
factors of diabetic neuropathy.55 Peripheral neuropathy in 
diabetic patients can result from diabetic neuropathy. 
Peripheral neuropathy damages distal nerves of limbs 
and typically affects nerves in the feet. This condition 
encourages the development of ulcers and leads to diabetic 
foot complications.56,57 Diabetic nephropathy occurs in 
approximately 25–35% of T1D or T2D patients.58 Both 

chronic kidney disease and diabetes are linked with CVD 
and risk related to disease can be reduced by controlling 
blood pressure and blood glucose levels.2,59 Acute com
plications of diabetes such as hypoglycemia, hyperglyce
mic hyperosmolar state (HHS), diabetic ketoacidosis and 
lactic acidosis are easily preventable but still cause high 
morbidity and mortality in diabetic patients.60 Diabetes 
increases the risk of complications in the digestive, mus
culoskeletal and liver systems9,61 and in depression and 
mental health-related problems too.62 Type 2 diabetes 
might also enhance the risk of liver, pancreas and color
ectal cancers.63 Some comorbidities such as obstructive 
sleep apnea, non-alcoholic fatty liver disease, and oral 
health diseases are also associated with diabetes.2,9 The 
consistent characteristic between T1D and T2D is hyper
glycemia. Hence, treatment of hyperglycemia would be the 
prime preventive measure for complications of diabetes.2

Diabetes and Musculoskeletal Disorders
Several muscular and skeletal disorders occur in diabetes. 
These musculoskeletal disorders can cause function loss and 
pain and can also restrict the physical exercise programmes 
to maintain and manage the body weight of diabetes 
patients.64 Muscle infarction, neuropathic joints, reflex sym
pathetic dystrophy syndrome, Dupuytren’s contracture, mus
cle cramps, carpal tunnel syndrome, tenosynovitis, 
peripheral neuropathy, adhesive capsulitis of the shoulder, 
diffuse idiopathic skeletal hyperostosis, stiff hands syn
drome and loss of deep tendon reflexes are common muscu
loskeletal effects of diabetes.65 Management and assessment 
of musculoskeletal disorders among people with diabetes 
can reduce mortality, morbidity and pain.64

Diabetes and Duchenne Muscular 
Dystrophy
Duchenne muscular dystrophy (DMD) is an X-linked 
recessive condition which influences around 1 live-born 
male out of 3600–6000 live-born males. This disease gen
erally begins early during childhood with delayed motor 
development and waddling gait.66 For development of 
diseases like T2D, insulin resistance and hyperinsulinemia 
are vital risk factors and the incidence of these factors rises 
(about 80%) when patients with DMD are obese.67

Diabetes and Sarcopenia
Sarcopenia is a syndrome characterized by loss of muscle 
function and mass and it has been associated as a cause as 

https://doi.org/10.2147/DMSO.S304751                                                                                                                                                                                                                               

DovePress                                                                                             

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14 2782

Verma et al                                                                                                                                                           Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


well as a consequence of T2D.68 Sarcopenia risk is found 
to be increased among people with T2D. But sarcopenia in 
senior adults may increase the risk of development of 
T2D. The Hong et al. study of 89,854 Korean women 
and 113,913 men (mean age = 40 years) observed that 
the people with lowest muscle mass related to weight of 
body quartiles had two-fold more risk of T2D develop
ment in comparison with the people in the highest 
quartile.69 Factors such as inflammation and insulin resis
tance can influence several muscle health components and 
reduced health of muscle can cause the progression and 
development of T2D.68

Diabetic Neuropathic Cachexia
Diabetic neuropathic cachexia (DNC) is a very rare type of 
diabetic neuropathy with weakly identified pathogenesis. 
DNC is a condition in which severe weight loss occurs 
quickly, generally over a period of 3–6 months. This dis
ease is not associated with the duration or the severity of 
diabetes.70 Mostly cases of DNC start with quite sudden 
improvement in glycemic control, triggered by insulin 
initiation. Within a short duration of time, usually some 

days to weeks, people report serious neuropathic pain, and 
it is the characteristic feature of this disease.71

Prevention of Diabetes
Mostly countries (especially developed countries) have 
formed several schemes to tackle type 2 diabetes. Many 
studies report the clinical efficiency of lifestyle and phar
macologic interventions in prevention of T2D.72 

Sustainable effects have been observed in T2D prevention 
by change in lifestyle, while pharmacologic treatment 
imitates glucose-lowering therapy.73 Although clinical 
trials results provide a successful method for prevention 
of T2D, the success of this idea depends on acceptance of 
intervention programs among populations.74

Lifestyle intervention prevents or delays T2D onset. 
Therefore, International Diabetes Federation has given 
some suggestions for healthy eating plans (Table 2).4 

Results from long-term follow-up studies in India, Finland, 
China and the USA showed that lifestyle intervention caused 
reduction in prevalence of T2D which lasts for some years 
even after discontinuing the intervention.75–80 Tuomilehto 
and his colleagues also reported that a 3.2-year intervention 
in physical activity and diet in a Finnish population resulted 
in a 58% reduction of T2D risk.72 Moreover, studies sug
gested that environment of early life and in utero has 
a significant impact on T2D risk in adulthood. So, there is 
a need to focus on fetal diet during prenatal period and in 
early life years.12 But in the case of T1D, while it is possible 
to manage the disease at present, there is no effective and safe 
intervention to prevent it.81

In 2017, about 4 million people are projected to die due to 
diabetes and that is equal to 1 death in every 8 seconds.4 

Deaths caused by diabetes are more than the total deaths due 
to infectious disorders (0.4 million, 1.1 million and 1.8 million 
deaths from malaria, AIDS and tuberculosis, respectively in 
2015).82 Several studies suggested that lifestyle intervention, 
intensive control of lipid and blood pressure and glycemic 
management are cost-saving methods in prevention of 
diabetes.83 The Indian Diabetes Prevention Program (IDPP- 
1), which was a 3-year randomized control trial, reported that 
metformin and lifestyle modification helped to prevent T2D in 
patients with IGT.84 Another 3-year randomized control study, 
the Diabetes Community Lifestyle Improvement Program 
(D-CLIP) of 578 obese Asian Indians reported that step by 
step prevention of diabetes in prediabetic people can effi
ciently decrease incidence of diabetes.85

Table 2 IDF Recommended Nutritional Diet

S. No. Recommendations

1) Eating up to three servings of fresh fruit every day.

2) Limiting alcohol intake to a maximum of two standard 
drinks per day.

3) Eating at least three servings of vegetables every day, 
including green leafy vegetables.

4) Choosing lean cuts of white meat, poultry or seafood 
instead of eating processed meat.

5) Choosing nuts, a piece of fresh fruit or unsweetened 
yoghurt for a snack.

6) Choosing unsaturated fats (olive oil, canola oil, corn oil or 
sunflower oil) instead of saturated fats (butter, ghee, 

animal fat, coconut oil or palm oil).

7) Choosing peanut butter instead of chocolate spread 

or jam.

8) Choosing whole-grain bread, brown rice, or whole-grain 

pasta instead of white bread, rice, or pasta.

9) Choosing water, coffee or tea instead of fruit juice, soda 

or other sugar sweetened beverages.
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Treatment of Diabetes
Healthy lifestyle is the main determinant in diabetes treat
ment. Physical exercise, food intake, body weight mainte
nance, quit smoking plan, reduction in alcohol consumption 
are important factors in maintaining a healthy lifestyle. If 
change in lifestyle is not enough to control blood glucose 
levels, then oral medications are used to treat hyperglycemia. 
Metformin is the most highly used antidiabetic medication in 
the treatment of T1D and T2D globally. When single oral 
medication is not enough for the treatment of diabetes, sev
eral combination therapies are now present which include 
SGLT2 inhibitors, amylin analogues, gliptins inhibitors (for 
T1D and T2D) and sulfonylureas, glitazones, GLP-1R ago
nists, AG inhibitors, dopamine agonists (for T2D). In 
cases where oral drugs are not able to regulate hyperglyce
mia, injections of insulin may be advised. Along with blood 
glucose level, it is important to control blood pressure. With 
the management of lifestyle and medications, people with 
diabetes can live long and healthy lives.86,87

Therapeutic Intervention of 
Phytochemicals in Diabetes
In the last few years, use of traditional or conventional 
medicines has received considerable recognition around the 
globe. Several varieties of conventional medicines have been 
used such as Unani medicines, conventional Chinese medi
cines and Ayurvedic medicines.88 Long-term usage of insulin 
and oral hypoglycemic drugs in diabetes patients can result in 
several side-effects such as gastrointestinal diseases (nausea, 
diarrhea and vomiting), hypoglycemic episodes, hepatorenal 
and edema syndromes.89,90 These side-effects lead to 
increased usage of traditional medicines in diabetes 
patients.91,92 Medicinal plants contain numerous phytochem
icals, and some compounds are medically and therapeutically 
efficient. Mostly plants have amino acids, sterols, carote
noids, tannins, mucilages, coumarins, flavonoids, saponins, 
and essential oils. Therapeutic actions of medicinal plants 
depend on the different phytochemicals classes 
interactions.93 Several studies have reported the antidiabetic 
activities of numerous isolated plant compounds.94 Plants 
such as soybean, bitter melon, garlic, cocoa, walnut, aloe, 
caper, nettle, fenugreek, melon, coffee, sage, yerba mate, 
black and green tea have medicinal properties and are com
monly utilized in diabetes and its associated comorbidities 
treatment. Compounds of these medicinal plants are used as 
antidiabetic agents with main consideration to compounds 
like berberine, trigonelline, gurmarin, fukugetin, phlorizin, 

amorfrutins, palmatine, gymnemic acids and honokiol.95 

Anti-hyperglycemic effects can resultfrom plant treatments 
which are commonly recognized by their ability to enhance 
the function of pancreatic tissue resulting from reduced 
absorption of glucose in the intestine or increased secretion 
of insulin.96

Conclusion
In the last 2–3 decades, diabetes has reached epidemic 
levels worldwide. Diabetes is a global crisis which 
affects the economy and health of all nations. This epi
demic is predominantly driven by urbanization, rapid 
industrialization and sedentary lifestyles. Rapid eco
nomic growth and changes in lifestyle are the major 
reasons for the increased prevalence of diabetes. 
Several studies have determined the effect of intrauterine 
environment to understand the future risk of T2D. 
Diabetes increases the risk of several life-threatening 
and serious problems and if not effectively controlled 
or managed, it can lead to premature death. Lifestyle 
modification is an important factor to decrease the risk 
of diabetes and its associated complications. The fre
quency of diabetic complications will rise with a lack 
of cost-effective and sustainable interventions. Hence, 
prevention of diabetes and its complications such as 
diabetic retinopathy and cardiovascular disease should 
be a crucial part of all future health-related public poli
cies among all nations.
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