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to countries that cannot afford to buy expensive vaccines 
from other sources. The writings in these journals had cast 
doubts in the minds of people in India and abroad, about 
the efficacy of Indian-made vaccines. These vaccines were 
initially exported to other countries, some of them as gifts 
from the Government of India. It was promptly halted, not 
only because of the negative propaganda but also due to the 
public outcry that Indians are being deprived of the vaccine 
while it is freely gifted to other countries.

India-Bashing in the Editorials of Journals
Based on biased critical reports from India, one journal 
came out with an Editorial on May 8, 2021, titled “India's 
COVID-19 Emergency,” giving a very poor portrayal of 
India.11 Based on incorrectly presented facts, the editori-
al questioned the sincerity of the Indian leadership and its 
transparency in implementing the public health policies. In 
one of its critical remarks, the editorial had stated that only 2% 
of people were fully vaccinated in India. As of May 8, 2021, on 
the day when this editorial was published, 174 million doses 
of the COVID-19 vaccine were administered, though the vac-
cination started in India only on January 16, 2021. This may 
be compared with 263 million vaccinations in the United 

People generally trust medical publications, and their per-
spectives are accepted as gospel truth, as opposed to gen-
eral media reports, which are taken with a grain of salt. So, 
the leading medical journals that have emerged as “super-
powers” during the coronavirus disease 2019 (COVID-19) 
epidemic, should ensure that their publications are not 
used with political intent.1 There are many magazines and 
newspapers in India that have written articles against the 
central government and its handling of the second wave of 
the COVID-19 pandemic.2 But an international medical jour-
nal reproduced these allegations in a “world report” titled 
“Experts criticize India's complacency over COVID-19.”3 The 
author of this article, has been writing in this journal against 
the Indian government’s handling of COVID-19, based on 
distorted facts and figures.4,5 Biased news reports related to 
the second wave of COVID-19 were regularly appearing in 
another international medical journal also.6-9 In a “World 
View” published in this journal, the author states that “Indi-
an scientific academies continue their head-in-the-sand 
approach, making no statements on super-spreader events 
or data access.”10

India, which has one of the biggest drug manufac-
turing capacities, has been planning to produce enough 
COVID-19 vaccines not only for its people but also to export 
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assumption, without evidence. It blames India’s leaders for 
the large gatherings that followed the newly introduced con-
troversial farm laws, election rallies, and religious gatherings. 
As stated earlier, it is difficult to stop them in a federal multi-
party democratic republic. It also quotes an appeal made by 
some scientists to Prime Minister Narendra Modi, asking for 
better access to data such as COVID-19 test results and clini-
cal outcomes of patients in hospitals, as well as a large-scale 
genome-surveillance program to identify new variants. The 
editorial admits that his criticism is based on a “World View” 
article published in its journal. The Indian government’s 
principal scientific adviser, Krishnaswamy Vijayraghavan, 
clarified that the researchers outside the government can 
always have access to these data. It is gratifying to see that 
the journal fulfilled its editorial responsibility by publishing 
this information also in this editorial itself.

A third medical journal published an editorial titled 
“Political Interference in Public Health Science during 
Covid-19.”19 It states that “Populist leaders like Trump, Bol-
sonaro, Modi, and Johnson view scientists as their oppo-
nents.” It quotes an editorial of another journal which stated 
that “hours before announcing the national lockdown, Prime 
Minister Narendra Modi told owners and editors from India's 
largest media organizations that it was important to tackle 
the spread of pessimism, negativity, and rumor. This pressure 
to avoid negative news, and to offer reassurance, appears to 
have been felt by several professional scientific organizations 
in India.”20 Can a request to the media heads to fight against 
rumor-mongering and spreading of panic amongst the public 
in the country, be described as a great crime done by a head 
of state?

Avoid Being a Part of India Shaming
All the criticisms in the editorials were based on the biased 
reports that they got from people who have no locus stan-
di in the medical science. But, knowingly or unknowingly, 
medical professionals also became part of the shaming India 
campaign. One journal created the COVID-19 commission: 
India Task Force with 22 members from different parts of 
India.21 The task force, mandated to advise India (assuming 
that this country is incapable of managing its health care 
system), came out with several articles that suggested the 
urgent steps to be taken to contain COVID-19.22-25 But, one 
article was very honest in admitting that several of their 
recommendations are already part of government adviso-
ries and plans. It should be admitted that the portions of 
the articles, which deal with the situation on the ground 
during the second pandemic wave, are certainly worth 
reading.

The establishment of the India Task Force by the journal 
harkens back to colonial times when British Commissions 
were created to determine whether Indians were ready for 
self-rule. Who requested that journal to form the India Task 
Force? Can they assemble a task force for China or the United 
States? Will they form a commission to investigate the ori-
gins of the severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) in China, or for that matter, will they lay out 

States, where the vaccination started on December 14, 2020.12  
The editorial indicated that there is a vaccine shortage in 
India, and it was projected as a major failure of the cen-
tral government. The editorial ignored the fact that India 
with its gross domestic product (GDP), which is a small 
fraction of the United States, cannot have a huge stockpile 
of COVID-19 vaccines.13,14 Moreover, India with its estimat-
ed population of 1,380 million cannot afford to import all 
its vaccines. As the vaccination program started in India on 
January 16, 2021, there were widespread criticisms, espe-
cially against Covaxin, the homegrown COVID-19 vaccine, 
from various quarters including this respected medical jour-
nal.5 This resulted in a massive rejection of vaccines not only 
by the general public but also by the health workers. The 
editorial states that the government abruptly shifted course 
without discussing the change in policy with states, expand-
ing vaccination to everyone older than 18 years, draining 
supplies, and creating mass confusion and a market for vac-
cine doses in which states and hospital systems competed. 
Can an editorial of an international medical journal of repute 
make such statements?

We have to agree with the allegation of the journal’s edito-
rial that religious and election-related gatherings would have 
certainly contributed to the second wave of the pandemic. 
India, with its 28 states and 8 union territories, has a multi-
racial, multireligious population, with highly religious beliefs 
rooted in its culture. Election and related gatherings are part 
of any multiparty democracy. Did the election and election 
gatherings not take place in the United States during the pan-
demic? Moreover, studies have now shown that the mutant 
strains of the virus have contributed toward the second wave 
of COVID-19.15 Another criticism of the editorial was regard-
ing oxygen shortage in some places, during the second wave of 
COVID-19. The sudden spike in cases resulted in running out 
of medical oxygen, ventilators, and hospital space, not only in 
India but even in countries with well-established health care 
systems.16 The editorial is also critical of the hesitancy on the 
part of the central government to declare a nationwide lock-
down during the second wave of the pandemic. It is worth 
mentioning here that the first nationwide lockdown, declared 
on the evening of March 24, 2020, by the Government of India, 
was condemned and criticized in an article published in this 
very medical journal.4 With the second wave coming, the cen-
tral government of India had given the choice to the state gov-
ernments, which was again criticized in this journal. The data 
from the dynamics of epidemics actually had recommended 
that the state governments should be allowed to decide on 
this issue based on local data.17

Another medical journal published an editorial titled 
“India, Brazil and the human cost of side-lining science.”18 In 
this editorial, both countries have been criticized for not fol-
lowing scientific advice. Brazil’s President, Jair Bolsonaro, 
had been blamed for characterizing COVID-19 as a “little 
flu” and for refusing to enforce mask-wearing and for lim-
iting contact between people. Quoting their own “World 
View” article, it says that India’s leaders became complacent 
after daily COVID-19 cases came down after the first wave 
of the pandemic. This criticism can be best described as an 
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measures to enforce COVID-19 containment in the United 
States?

Further the “comment” on June 5, 2021 titled “India’s 
COVID-19 Crisis: A Call for International Action” by 
13 authors, mostly by Indians working in North Ameri-
can Universities.26 Their condescending concluding remark 
is quoted here, “We have the knowledge and tools to con-
trol SARS-CoV-2 transmission. The current situation in 
India requires urgent, bold measures and close cooperation 
between India and the global community to mitigate further 
damage.” This is followed by another “comment” in the same 
journal, from a set of Indians, published on June 12, 2021, 
with some recommendations, claimed as a complement to 
those above-mentioned actions from the “international 
community.”27 But they all fail to acknowledge that all their 
recommendations are already part of government advisories 
and plans.

India is a vast country with huge responsibility to man-
age the health sector with a meager 2.4% GDP devoted to 
health and related services; it cannot claim its services 
with the world order. The pandemic has undoubtedly 
exposed the inadequate medical system in the country 
but so also the case in so many developed nations. How-
ever, with the improvements made in developing the 
post independence health infrastructure in length and 
breadth of the country and producing qualified medical 
and paramedical personnel, the COVID-19 was sufficient-
ly planned and executed scientifically, mostly free of cost, 
with the support of the government, the nongovernmen-
tal organizations, families, and the friends.28 This has been 
appreciated by the patients and the media with the fatal-
ity rate still being low. The deficiencies noted during the 
first and the second wave are being addressed sincerely 
and hope India will perform better in future to meet such 
challenges. The efforts are also on to expedite mass vacci-
nation, train the manpower, and equip the intensive care 
units and pediatric intensive care units for the third wave. 
The Indian political, medical, and executive systems are 
mature and competent enough to plan, provide, and per-
form with the help of its own task force and resources, to 
take care of its citizens.

Conflict of Interest
None declared.

References

1 Breen E. Are medical journals becoming political mouthpiec-
es? BMJ 2020;371:m3878

2 Krishnan V. India’s COVID-19 taskforce did not meet in Febru-
ary, March despite surge, say members. The Caravan 22 April 
2021. Available at:  https://caravanmagazine.in/health/india-
covid-19-taskforce-did-not-meet-february-march-despite-
surge-say-members. Accessed August 18, 2021

3 Bhuyan A. Experts criticise India's complacency over 
COVID-19. Lancet 2021;397(10285):1611-1612

4 Bhuyan A. Indian health care caught up in violence. Lancet 
18;395(10219):177-178

5 Bhuyan A. India begins COVID-19 vaccination amid trial alle-
gations. Lancet 2021;397(10271):264



126 Editorial

                       

Annals of the National Academy of Medical Sciences  (India) Vol. 57 No. 3/2021 © 2021. National Academy of Medical Sciences (India).

25 The Lancet COVID-19 Commission India Task Force. Managing 
India's Second COVID-19 Wave: Urgent Steps. Available at:  
https://static1.squarespace.com/static/5ef3652ab722df11f-
cb2ba5d/t/6076f57d3b43fb2db4a7c9c9/1618408831746/
India+TF+Policy+Brief+April+2021.pdf. Accessed August 18, 
2021

26 Kuppalli K, Gala P, Cherabuddi K, et al. India’s 
COVID-19 crisis: a call for international action. Lancet 
2021;397(10290):2132-2135  

27 Aiyar Y, Chandru V, Chatterjee M, et al. India’s resurgence of 
COVID-19: urgent actions needed. Lancet 2021;397(10291): 
2232–2234

28 Radhakrishnan N, Gupta DK. India’s COVID-19 response: sci-
ence first. Lancet 2021;397(10293):2464–2465



THIEME

127

Emerging Diabetic Novel Biomarkers of the 21st 
Century
Shilpa Suneja1 Sukanya Gangopadhyay1 Vandana Saini1 Rajni Dawar1 Charanjeet Kaur1

1Department of Biochemistry, Vardhman Mahavir Medical College & 
Safdarjung Hospital, New Delhi, India

published online
May 3, 2021

Address for correspondence Shilpa Suneja, MD, Department of 
Biochemistry, Vardhman Mahavir Medical College & Safdarjung 
Hospital, New Delhi 110029, India  
(e-mail: shilpasuneja@rediffmail.com).

Diabetes is a growing epidemic with estimated prevalence of infected to reach 
~592 million by the year 2035. An effective way to approach is to detect the disease 
at a very early stage to reduce the complications and improve lifestyle management. 
Although several traditional biomarkers including glucated hemoglobin, glucated 
albumin, fructosamine, and 1,5-anhydroglucitol have helped in ease of diagnosis, 
there is lack of sensitivity and specificity and are inaccurate in certain clinical settings. 
Thus, search for new and effective biomarkers is a continuous process with an aim of 
accurate and timely diagnosis. Several novel biomarkers have surged in the present 
century that are helpful in timely detection of the disease condition. Although it is 
accepted that a single biomarker will have its inherent limitations, combining several 
markers will help to identify individuals at high risk of developing prediabetes and 
eventually its progression to frank diabetes. This review describes the novel biomark-
ers of the 21st century, both in type 1 and type 2 diabetes mellitus, and their present 
potential for assessing risk stratification due to insulin resistance that will pave the way 
for improved clinical outcome.
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Introduction
Diabetes mellitus (DM) is a complex metabolic and multifunc-
tional syndrome that is characterized by persistent hypergly-
cemia. The prevalence of DM has increased over the past two 
decades and in coming years, it will be a major health problem for 
the world.1 According to the International Diabetes Federation 
report, prevalence of diabetes is spiraling globally with an esti-
mated 425 million adults having diabetes in 2017 and will be 
increased to ~592 million by the year 2035.2 Developing coun-
tries like India will have ~109 million of affected people, mak-
ing diabetes no more a developed world disease.

DM has a multifaceted pathogenesis that occurs either 
due to impaired insulin secretion or due to development of 
insulin resistance (IR) at target tissues or because of insulin 

deficiency due to autoimmune destruction of pancreatic 
β-cells.3

DM is classified into different types based on the patho-
genic mechanisms as type 1, type 2, gestational diabetes, 
and other types in which specific, genetic defects, metabolic, 
and mitochondrial abnormalities and some conditions that 
impair glucose tolerance are included.4

Diabetes, if untreated, may lead to several serious chronic 
complications involving microvascular complications like 
nephropathy or retinopathy and macrovascular complica-
tions like cardiovascular disease (CVD) and stroke. The most 
common cause of mortality in diabetes is, however, macro-
vascular complications.5

Given the burden of diabetes and its complications, much 
attention has been given to prevention, beginning with 
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identifying at-risk individuals prior to diagnosis that led to 
the designation of “prediabetes,” an intermediate form of 
dysglycemia on a spectrum ranging from normal to overt 
diabetes.6 According to Centers for Disease Control, one out 
of three adults had prediabetes and agonizingly, 90% were 
unaware of their diagnosis.7

Awareness and knowledge regarding the diabetic condi-
tion, its management, complications, and risk factors are cru-
cial steps for better quality of life and its control.8

However, the clinical manifestations especially in type 2  
diabetes mellitus (T2DM) are delayed by years, thereby 
restricting its timely diagnosis. It has been demonstrated 
that there is a significant relative risk reduction of CVDs and 
all-cause mortality in individuals undergoing regular medi-
cal examination emphasizing the importance of early diag-
nosis of the disease.9

The efficacy of diabetic management to delay progres-
sion of DM would be improved if they could be implemented 
during the initial phases of the disease and number of studies 
also suggest that progression of diabetes can be postponed 
or prevented with earlier initiation of current treatment 
protocols.10,11 Thus, the prediction and early identification of 
high-risk individuals before the onset of prediabetes stage, 
that is, when the β-cells are relatively intact, along with 
timely identification of diabetic complications, are of para-
mount importance, for effective intervention. Timely man-
agement though is helpful in preventing progression to overt 
disease but, however, remains a challenging scenario.

Considering the need of present situation, prompt diagno-
sis and innovation of an effective and safe treatment option 
are required to achieve this goal, identifying new biomark-
ers for predicting individuals at high risk of diabetes and its 
complications have, therefore, become a priority for targeting 
preventive measures efficiently.12,13

Thus, this review is intended to discuss the role of novel 
biomarkers of 21st century in patients of DM as predictor of 
diabetic risks or to detect earlier diabetic complications so as 
to aid in better understanding of disease course propose safe 
and effective therapeutic interventions. Various biomarkers 
are shown in ►Fig. 1.

Traditional Biomarkers
Hemoglobin A1c
Chronic glycemia is better estimated by hemoglobin A1c 
(HbA1c) than glucose levels at a single time point and cur-
rently is the most commonly used biomarker for diagnosing 
prediabetes and diabetes. American Diabetes Association cri-
teria for diabetes are HbA1c ≥6.5% (48 mmol/mol) and 5.7 to 
6.4% (39–46 mmol/mol) for prediabetes.14 In the Norfolk pro-
spective study, higher HbA1c levels were associated with 
increased CVD and all-cause mortality.15 HbA1c may be a 
better predictor of microvascular complications than fasting 
plasma glucose (FPG).16 Other advantages of HbA1c over FPG 
and oral glucose tolerance test (OGTT) are its greater conve-
nience as fasting is not required, greater preanalytical stabil-
ity, and less day-to-day perturbation during periods of stress 
and illness.17 Thus, HbA1c is particularly useful for lifestyle 
modification counselling as it reflects chronic exposure to 
glucose but, however, there is conflicting evidence regarding 
its usefulness in diagnosing diabetes in comparison to OGTT 
and FPG as it provides moderate sensitivity.17,18 The National 
Health and Nutrition Examination Survey and Screening 
for Impaired Glucose Tolerance studies showed HbA1c lev-
els <5.7% (39 mmol/mol) correlate only 60 to 70% of sub-
jects having normal glucose tolerance.19-21 Moreover, HbA1c 
threshold for prediabetes does not take ethnicity, body mass 
index (BMI), and age, all of which may significantly alter 
HbA1c levels under consideration.22-25 OGTT more strongly 
correlates with IR and insulin secretion than HbA1c.26 HbA1c 
is also not always a reliable measurement of average circu-
lating glucose levels as changes in the production rate or 
circulating life span of red blood cells will affect HbA1c lev-
els; for example, it may be falsely elevated in iron deficiency 
anemia, folate and vitamin B12 deficiency, severe hypertri-
glyceridemia conditions where reduced production leads to 
a greater percent of older cells, whereas false low values may 
been seen in conditions of rapid turnover of red blood cells 
like in HbA1c occurs in splenomegaly and end-stage renal 
disease.27 Hemoglobin variants, such as HbS, HbC, HbD, and 
HbE, may also result in overestimation or underestimation 

Fig. 1 Biomarkers in diabetes mellitus.
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of HbA1c.28 So, HbA1c alone cannot be considered adequate 
for diagnosing prediabetes, and more accurate diagnosis may 
require confirmation with other biomarkers.29

Fructosamine
Fructosamine (FA) is a ketoamine formed by glycosylation of 
fructose to total serum protein, mostly albumin.30 It reflects 
average blood glucose concentrations over the previous 1 to 
4 weeks, and thus can be a useful clinical marker of short-term 
glycemic fluctuation and glucose control.31 Currently, it is 
used as an alternate glycemic marker for diabetes screening. 
FA could be a valuable complementary marker in clinical 
conditions, where HbA1c may be inaccurate or it may also 
play a role in identifying fluctuating glucose levels in DM 
patients with stable HbA1c along with other measures.32,33 FA 
measurement is cost-effective and convenient as it does not 
require fasting34,35 and is advantageous in conditions that 
affect hemoglobin levels.36 However, limitations include, 
higher variations within the subjects37 and falsely low values 
are seen physiologically in young children who have lower 
serum protein concentration than adults and pathologically 
in conditions with rapid albumin turnover as in nephrotic 
syndrome, severe liver disease, or protein-losing enterop-
athy.38 Though it is useful to diagnose prediabetes, some 
studies also doubt its usefulness for prediabetes screen-
ing.31,39-41 Thus, FA can serve as a useful alternate biomarker 
under specific conditions.

Glycated Albumin
Glycated albumin (GA) measures the ratio of GA to total albu-
min and thus it is better than FA in clinical conditions that 
result in protein loss such as nephrotic syndrome, liver, and 
thyroid disease.42 It is also considered to be a better index 
of glycemic control than HbA1c in patients with renal fail-
ure, hemolytic anemia, and those receiving blood transfu-
sions.43,44 Due to shorter half-life of albumin, GA reflects a 
shorter glycemic control, of 2 to 3 weeks as compared with 
HbA1c.45 The combination of GA with HbA1c is a more sensi-
tive predictor of prediabetes than HbA1c alone.46 The speed of 
glycation of GA is 10 times faster than HbA1c; thus, its value 
better reflects variations in blood glucose and postprandial 
hyperglycemia in combination with HbA1c.47 GA estimation 
is of limited use in conditions of abnormal albumin metab-
olism.48 Other disadvantage is that sometimes GA may be 
artificially low in individuals having increased BMI, body fat 
mass, and high visceral fat.49

1,5-Anhydroglucitol (1,5-AG)
It is the naturally occurring, 1-deoxy form of glucose whose 
plasma levels are inversely correlated with plasma glucose lev-
els. Renal proximal tubules have relatively greater affinity for 
glucose than 1,5-AG. Thus, plasma concentrations of 1,5-AG 
decrease due to its increased urinary concentration, as stud-
ied in healthy control, prediabetes, and diabetes groups.50 It 
has been suggested as a prediabetes marker and reflects glu-
cose levels within the preceding 10 to 14 days. AG has the 
advantage of being stable, reproducible, and less costly when 
compared with other glycemic diagnostic tests and may be 

useful for identifying postprandial glycemic excursions and 
individuals at risk of microvascular and macrovascular com-
plications in diabetes.51 However, plasma 1,5-AG levels can 
change based on diet, sex,52,53 and race and also fluctuating 
levels have been seen in patients receiving SGLT 2 inhibitors 
or those on renal replacement therapy.54,55 Also, some studies 
disagree with the use of 1,5-AG as a prediabetes screening 
tool. On the contrary, a few studies disagree with the use 
of 1,5-AG as a prediabetes screening tool.53,54

Novel Biomarkers for Type 2 Diabetes 
Mellitus
Fetuin A
Fetuin-A, also called alpha 2-Heremans Schmid glycopro-
tein, is a physiological inhibitor of insulin receptor tyrosine 
kinase and thus associated with IR, metabolic syndrome and 
an increased risk for T2DM.56,57 Pal et al showed that fetuin-A 
binds to toll-like receptor 4 (TLR4)-inflammatory signal-
ing pathway, which results in production of inflammatory 
cytokines, and, thus, promotes lipid-induced IR through 
this interaction.58 Fetuin-A knockout mice have also demon-
strated increased basal and insulin-stimulated phosphory-
lation of insulin receptor, increased glucose clearance, and 
improved insulin sensitivity.59,60 As measured by the index 
of homeostasis model (HOMA-IR), fetuin-A is found to be an 
independent determinant in the development of IR.61-63 It is 
well known that IR has been identified as the major patho-
physiologic determinant of T2DM.64,65 In cross-sectional 
studies, genetic analyses revealed that SNPs in the fetuin-A 
gene (located at a susceptibility locus for T2DM) are linked 
to T2DM.66,67 Both the Health, Aging and Body Composition 
Study (Health ABC) and European Prospective Investigation 
into Cancer and Nutrition (EPIC)-Potsdam Study indicate that 
participants with high fetuin-A levels have an increased risk 
of incident diabetes.68 However, there have been conflicting 
reports regarding association between fetuin-A concentra-
tion and CVD.69-72 Thus, taken together, fetuin-A acts as an 
endogenous ligand for TLR4 through which lipids induce IR 
and may serve as a novel therapeutic target for IR.

Acyl-Carnitine
L-carnitine, a small water-soluble molecule, plays an essential 
role in intermediary metabolism, by transporting long-chain 
fatty acids from the cytosol into the mitochondria, where 
their degradation takes place via β-oxidation.73 Beyond 
this, other crucial functions in the body are modification 
of acyl-(conenzyme A) CoA/CoA ratio, energy storage in the 
form of acetyl carnitine, anti-inflammatory and antioxidant 
properties. It also improves insulin sensitivity, dyslipidemia, 
and membrane stability.74 Recently, serum levels of acylcar-
nitines have been shown to be elevated in prediabetes.75,76  
Lipid oversupply results in accumulation of incompletely 
metabolized fatty acids in the mitochondria causing  
“mitochondrial stress,” leading to IR.77 According to another 
theory, the long-chain acyl-CoAs are precursors of cera-
mide that is already being explored as affector of insulin  
resistance.78 Recent studies suggest an alternative mechanism 
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in which fatty acid oxidation (FAO) rate outpaces that of 
the tricarboxylic acid cycle, resulting in the accumulation 
of intermediary metabolites, such as acylcarnitines, which 
may affect insulin sensitivity.74 A recent Canadian study 
reveals that an elevation in circulating medium chain acyl-
carnitines is associated with gestational DM and early stages 
of T2D onset and that this elevation directly impairs β-cell 
function.79 Another study also showed acylcarnitine profile, 
mainly including short- and long-chain acylcarnitines, was 
significantly associated with higher T2D risk in participants 
at high cardiovascular risk.80

Ceramides
Ceramides, a type of sphingolipid with long chain fatty acid 
of varying length, constitute major component of the biologi-
cal membrane. Ceramides are available in the human system 
by de novo pathway, salvage pathway, and by sphingomyelin 
hydrolysis. Their accumulation may increase in tissues due to 
excessive supply of fatty acids, mostly as a result of sphingo-
lipid salvage pathway activity.81 Apart from its structural role 
in biological membranes and signal transduction, ceramides 
can also antagonize insulin signaling by inhibiting transmis-
sion of signals through phosphatidylinositol-3 kinase and 
blocking activation of the anabolic enzyme Akt/PKB. They 
also stimulate caspase, protein kinase C, serine/threonine pro-
tein phosphatase, and cathepsin D activity.82 Thus, ceramides 
interfere with glucose uptake, impair storage of nutrients such 
as glycogen or triglyceride (Tg), activate proinflammatory 
cytokines, disrupt lipid metabolism, and even enhance cell 
death (proapoptotic). Plasma ceramides have been found to be 
increased in obesity and insulin resistance (IR).83 Insulin also 
elicits an anabolic effect on sphingolipid metabolism, resulting 
in increased ceramide accumulation in skeletal muscles.84 This 
shows a deleterious consequence of the hyperinsulinemia that 
accompanies IR leading to a vicious cycle. A study suggests 
that ceramide stearic to palmitic acid ratio Cer (d18:1/18:0)/
Cer(d18:1/16:0) is an independent predictive biomarker for 
new onset diabetes mellitus even years before diagnosis; thus 
it may be modulated by lifestyle intervention.85 Since cera-
mides are detectable in easily accessible body fluids, they have 
recently been proposed as promising biomarker candidates in 
several diseases such as cancer, multiple sclerosis, Alzheimer’s 
disease, and coronary artery disease and T2DM.86

Netrin
Netrin is a family of extracellular, laminin-related pro-
teins,87 comprising of netrin-1, netrin-3, and netrin-4, and 
two glycosylphosphatidylinositol (GPI) anchored membrane 
peptides (netrin G1 and G2).88 They are expressed in the cen-
tral nervous system and also in nonneural tissues such as vas-
cular endothelial cells, pancreas, liver, spleen, lung, intestine, 
and kidney.89 Keeping in view its pathogenic role, netrin is 
emerging as a novel diagnostic and prognostic biomarker for 
variety of life-threatening diseases like cancers, cardiovascu-
lar diseases, acute kidney injury, and subarachnoid hemor-
rhage.90 As netrin-1 is involved in pancreatic morphogenesis, 
islet-cell migration, and rejuvenation, it was likely that they 
have a role in diabetes as well. A recent clinical study found a 

significant increase of serum Netrin-1 level in subjects with 
impaired fasting glucose (IFG) or T2DM compared with the 
control group suggesting that Netrin-1 may be used as a bio-
marker for their early detection.91 On the contrary, another 
study found that the level of Netrin-1 in diabetic patients was 
significantly reduced than that of healthy controls.92 However, 
netrins, having role in angiogenesis and inflammatory pro-
cess, show a promising role as marker for early detection 
and prognosis of diabetic microvascular complications like 
retinopathy and nephropathy.90 Netrin-1 regulates corneal 
epithelial wound healing, inflammation response, and nerve 
fiber regeneration in diabetic mice, indicating the potential 
application for the therapy of diabetic keratopathy.91 They 
have also shown beneficial efficacy in the treatment of dia-
betic nephropathy.92

α-Hydroxybutyrate and 
Linoleoylglycerophosphocholine
Recently increased levels of plasma α-hydroxybutyrate 
(α-HB), an organic acid, and decreased levels of plasma 
linoleoylglycerophosphocholine (L-GPC), a lipid, have been 
described as joint markers of peripheral IR and glucose intol-
erance, as measured by the euglycemic hyperinsulinemic 
clamp technique—in selected subjects in the Relationship 
between Insulin Sensitivity and Cardiovascular Disease 
study, a cohort of well-phenotyped nondiabetic individu-
als.93 α-Hydroxybutyrate (α-HB) is a catabolic by-product of 
threonine, methionine, and glutathione anabolism (cysteine 
formation) in hepatic tissue.93 Increased oxidative stress and 
lipid oxidation lead to chronic shifts in glutathione synthesis 
resulting in elevated α-HB levels in individuals of IR.94,95 Thus, 
it is suggested that α-HB, a proximate product of disordered 
metabolism, might serve as both a predictive biomarker and 
prodromal sign of incipient T2DM.96

L-GPC is formed by hepatic phospholipase A2 and circula-
tory lecithincholesterol acyltransferase. Choline-containing 
phospholipids and sphingomyelins have been associated 
with increased risk of T2DM.97,98 L-GPC is an independent 
correlate of insulin sensitivity and a putative lipid-signaling 
molecule.93

Both the above biomarkers of insulin sensitivity are inde-
pendently associated with glucose intolerance.93 However, 
L-GPC is a negative predictor of T2DM progression in con-
trast to αHB, a positive predictor.93,99 But both the biomarkers 
can be used in predictive models to identify subjects with 
impaired glucose tolerance that is a high-risk state for the 
development of T2DM, without performing an OGTT.97

Adiponectin
Adiponectin is a protein exclusively expressed in differenti-
ated adipocytes, cardiac tissue, bone, mammary and salivary 
glands.100 It has insulin sensitizing, anti-inflammatory, and 
anti-atherogenic functions and it is shown to be indepen-
dent predictor of diabetes.101 It also has antiangiogenic and 
possibly anticancer properties.102 Adiponectin may be an 
important modulator of insulin sensitivity through increased 
oxidation of fatty acid, glucose uptake and utilization in  
skeletal muscle and adipose tissue.103 High level of adiponectin 
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protects glucose metabolism impairment in obese patients 
and decreases the risk of T2DM development.104 Level of 
adiponectin is found to be lower in T2DM and obese sub-
jects.105 In a cohort-based study of subjects with impaired 
glucose tolerance, low adiponectin level was found to be a 
strong independent predictor of diabetes.106 In offspring of 
diabetic parents, the baseline adiponectin levels are inversely 
related to the risk of prediabetes and it is independent of sex 
or ethnicity.107 Adiponectin administration has found lower 
levels of plasma glucose and increased insulin sensitiv-
ity.108 On the other hand, treatment of patients with insulin 
increased the level of circulating adiponectin and improved 
insulin sensitivity.104

Inflammatory Biomarkers
Inflammatory biomarkers are involved in the activation of 
innate and adaptive immune systems that are recognized as 
key mediators in diabetes development. Specifically, acute 
phase proteins (C-reactive protein [CRP] or high-sensitivity 
[hs-CRP] and fibrinogen) and pro-inflammatory cytokines 
(interleukin-6 [IL-6] and tumor necrosis factor-α) are associ-
ated with increased risk of T2D.109 Elevated levels of IL-6 and 
CRP are useful in identifying individuals at higher risk of 
developing T2DM.110 Genetic variants in the innate immune 
system and inflammatory cascade also affect CRP and pre-
disposition to T2DM.111,112 A meta-analysis of genome-wide 
association study on hs-CRP showed shared genes and path-
ways that are associated with IR and T2D.113,114 Tissue plas-
minogen activator-1 change is an independent predictor 
of incidence of diabetes.115 IL-18 levels also increased with 
progression from prediabetes to diabetes in the Gutenberg 
study.116 The IL-1 receptor antagonist (IL-1RA), produced 
by adipocytes, is an anti-inflammatory marker elevated in 
prediabetes and diabetes, possibly as a reactive response 
to inflammation. The Whitehall Study, has also shown an 
increase in IL-1RA in prediabetes in parallel with decreasing 
insulin sensitivity, increasing β-cell function, and 2-hour glu-
cose levels, all of which occurred altogether years before the 
development of T2DM.116 Patients with T2DM frequently have 
dysfunctional coagulation profile, especially increased fibrin-
ogen levels that are independently associated with HbA1c 
values.117 Fibrinogen levels were also seen to be associated 
with diabetic nephropathy, but not with other microvascular 
complications like retinopathy. With respect to macrovascu-
lar disease, the association between high plasma fibrinogen 
and peripheral vascular disease is seen in T1DM.118

Lipoprotein(a)
Lipoprotein (a) [Lp (a)] is a plasma lipoprotein that consists 
of LDL-like particle, consisting of apo (a) that is covalently 
attached to one molecule of apoB100 via a disulfide bond 
and is synthesized in liver.119 Lp(a) levels are primarily under 
genetic control, with genetic variants and the number of 
Kringle IV-2 repeats in the LPA gene accounting for much of 
the variability in Lp (a) concentrations.120 Elevated levels of 
LP(a) are proved to be independent risk factor for the devel-
opment of CVD.121 Increase in Lp (a) levels may promote 

atherosclerosis via Lp (a)-derived cholesterol entrapment 
in the intima, via inflammatory cell recruitment, and/or 
via the binding of proinflammatory-oxidized phospholip-
ids.122 Inverse relationship between serum Lp (a) and T2DM, 
prediabetes, IR, and with hyperinsulinemia has also been 
noted.123 Though the mechanisms through which Lp(a) might 
be inversely associated with diabetes risk is not yet clear, 
there is some evidence that Lp(a) is a marker of, or might be 
involved in, the development of IR.

Amino Acids
Amino acids have emerged as novel biomarkers in the iden-
tification of people at risk of T2D before overt symptoms. 
With advancement in technologies involving metabolic pro-
filing, circulating amino acids may illustrate new pathways 
in diabetes pathophysiology like bidirectional modulation 
of insulin action due to crosstalk between hormonal and 
nutritional signals and may suggest novel mechanism by 
amino acids.124,125 More recent studies have demonstrated 
a correlation between amino acids and prediabetes, IR, and 
obesity.93 It is shown that serum branched chain amino acids 
and aromatic amino acids are significantly and positively 
associated with T2D.126 In addition, glutamine, methionine, 
cysteine, and 2aminoadipic acid are increased in insulin 
resistant states.127-129 By contrast, glycine levels are decreased 
in individuals with prediabetes.130-132 Thus, changes in these 
circulating amino acid levels may prove to be significant pre-
dictive markers for T2D.

Triglycerides and High-Density Lipoprotein
Elevated serum Tg and subclasses of high-density lipopro-
tein cholesterol (HDLC) maybe involved in the pathogenesis 
of diabetes. Hypertriglyceridemia has been associated with 
β-cell dysfunction and reduced insulin secretion in predia-
betes.121 Tg levels can cause lipotoxicity within pancreatic 
β-cells and may lead to β-cell apoptosis by stimulating the 
production of ceramide and nitric oxide.121,133 Levels of small 
HDL-3 particles have been found to be elevated in predia-
betic subjects as compared with HDLC levels. The proportion 
of small HDL-3 particles is positively associated with Tg and 
negatively associated with HDLC.134 However, unlike Tg, low 
HDLC concentrations may also lead to progression to diabetes 
from prediabetes, but its association with β-cell dysfunction 
is unclear.121

Ferritin and Transferrin
Both ferritin and transferrin levels are associated with hyper-
insulinemia and hyperglycemia.135 A recent study in healthy 
women showed that higher iron stores as reflected by fer-
ritin concentrations and the ratio of transferrin receptors 
to ferritin were associated with an increased risk of T2DM, 
independently of known diabetes risk factors.136 Iron con-
tributes to IR through the production of highly active radi-
cal formation, damage to DNA and cell membrane integrity, 
β-cell oxidative stress resulting in decreased insulin secre-
tory capacity, and interference with glucose uptake in skele-
tal muscles and adipocytes. Dietary iron restriction prevents 
the development of diabetes and loss of β-cell function.137 Not 
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only iron stores but also iron transport is involved in the 
development of the metabolic syndrome and very likely of 
IR.138 Transferrin has been shown to be a major determinant 
of lipolytic activity in adipocytes by a pro-oxidative mecha-
nism.139 and adipose tissue lipolysis has been recognized as 
a major determinant of IR.140 Higher levels of transferrin are 
usually negatively correlated with ferritin.135

Mannose-Binding Lectin Serine Peptidase
Mannan-binding lectin serine protease 1 also known as 
mannose-associated serine protease 1 (MASP-1) is involved 
in the lectin pathway of the complement system and is 
responsible for cleaving C4 and C2 into fragments to form 
a C3-convertase.141 MASP-1 is also able to cleave fibrinogen 
and factor XIII and may be involved in coagulation.142 Thus, 
elevated levels of these proteins may play a role in the 
enhanced thrombotic environment and consequent vascular 
complications in diabetes.143 It has been observed that the 
onset of prediabetes and IR occurred earlier in those with 
increased MASP-1 plasma levels. Elevated FPG and 2-hour 
glucose levels also have positive association with higher lev-
els of MASP-1.144 Thus, these proteins have a potential role 
as a biomarker to detect early macrovascular complications 
in diabetes.

Thrombospondin
Thrombospondins (TSP 1–5) are a group of multifunc-
tional secretory glycoproteins. TSP-1, a potent antiangio-
genic and proatherogenic protein, has been implicated in 
the development of several vascular diabetic complica-
tions.145 TSP-4 is an extracellular matrix protein of the ves-
sel wall.146 Endogenous TSP-1 protects the myocardium 
from infarction-induced and pressure overload-induced 
cardiac remodeling.147 TSP-1 is also an adipokine that is 
highly expressed in obese, insulin-resistant subjects; and 
it is highly correlated with adipose inflammation.148 In the 
diabetic setting, decrease in TSP increases matrix metallo-
proteinase (MMP-2 and MMP-9) activities and suppresses 
fibroblast function thus inhibiting collagen synthesis.149 They 
could be a novel marker for atherosclerotic burden, especially 
in the major subgroup of patients with concomitant diabe-
tes.150 TSP-1 plays an important role in the development of 
complications in patients with diabetic nephropathy and its 
serum level is related to renal injury and vascular disease.151

Glycosylphosphatidylinositol Specific Phospholipase D1
Glycosylphosphatidylinositol-specific phospholipase D (GPLD1,  
also called GPI-PLD) is a 110- to 120-kDa N-glycosylated 
amphiphilic protein abundant in mammalian serum, where 
it associates with HDL.152 The association with HDL raises the 
possibility that GPI-PLD may be involved in lipid/lipoprotein 
metabolism. GPLD1 may be regulated by several different 
hormones or metabolites involving circulating insulin levels, 
hyperglycemia, oxidative stress, and inflammation.152,153 In 
addition, GPI-PLD appears to colocalize with insulin in the 
secretory granule,154 raising the possibility that diabetes may 
be associated with changes in islet production of GPI-PLD. 
Recent evidence suggests that GPLD1 levels are increased in 

circulation following the onset of diabetes induction and IR 
both in rats and humans, respectively, suggesting its associ-
ation with diabetes-induced impairments.155,156 GPLD1 may 
play an important role in inflammation and in the pathogen-
esis of diabetes. Recent study suggests the potential role of 
GPLD1 as a candidate plasma protein that can be used effec-
tively to distinguish between early stage latent autoimmune 
diabetes in adults and T2DM.157

Micro-RNAs
Micro-RNAs (miRNAs) are small (~22 nucleotides) noncod-
ing RNA sequences that inhibit gene expression of specific 
mRNA targets.158 It has been reported that distinct miRNA 
expression profiles regulate various physiological and patho-
logical conditions.159 Recently, miRs have been studied in pre-
diabetes and found to be strongly correlated.160,161 Moreover, 
they could be differentially expressed in various types of 
DM, suggesting their potential to serve as diabetic indica-
tors. It has been reported that miR-20b, miR-21, miR-24, 
miR-15a, miR-126, miR-191, miR-197, miR-223, miR-320, 
and miR-486 were downregulated, while miR-28–3p was 
upregulated in plasma of T2DM patients in comparison with 
non-DM individuals.162 More recent studies also detected 
significantly increased levels of circulating miR-146a163 and 
miR-126164 in newly diagnosed T2DM patients compared 
with healthy controls. Other miRNAs significantly elevated 
in T2DM and found to negatively regulate insulin expression, 
production, or secretion include miR9, miR29a, miR30d, 
miR34a, miR124a2, miR146a, and miR375.165

In patients with recent-onset T1DM, the most consis-
tently upregulated miRNAs were miR-152, miR-181a, and 
miR-27b, while miR-375 was consistently downregulated in 
independent cohorts.166 miR-25, miR-24–3p, let-7 g-5p, and 
miR-93–5p were either upregulated or downregulated in 
various recent-onset T1DM cohorts.167

Recent studies suggest brain as a key player in glucose 
regulation and the pathogenesis of metabolic disorders such 
as T2D.168 There is evidence suggesting that increased acti-
vation of hypothalamus-pituitary-adrenal axis and sympa-
thetic nervous system, and consequent elevation of stress 
hormones, may be important for the etiology and develop-
ment of T2D. The association between these neuroendocrine 
stress response-related circulating miRNAs and T2D has been 
explored by Liang et al, which may act as potential biomark-
ers for prediabetes and IR in adults.169

Thus, our understanding of the importance of miRNAs in 
the pathogenesis of diabetes has grown substantially; there is 
increasing evidence for a potential role of miRNAs as clinical 
biomarkers of the T1DM, pre-DM, T2DM, and gestational DM. 
Moreover, discovery of new set of miRNA biomarkers might 
help to guide diagnostic and therapeutic decisions.

Possible Biomarkers for Type 1 Diabetes 
Mellitus
Immune biomarkers of T1DM are diverse. Though some 
of them like autoantibodies are well established, they are 
not discriminative enough to deal with the heterogeneity 
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that is inherent in T1DM. As an alternative, various possi-
ble biomarkers have recently been identified that not only 
provide a better understanding and progression of T1DM 
but also yield therapeutic efficacy of immune interventions. 
►Fig. 2 highlights various biomarkers in T1DM.

Genetic Biomarkers
Genetic markers may be helpful in assessing the predisposi-
tion for T1DM, where identification of over 50 loci contrib-
uting to T1DM risk has been identified in studies of large 
cohorts.170 For routine screening purpose, HLA typing is 
done. Though HLA typing alone is useful for the enrichment 
of future cases of T1DM, it is insufficiently sensitive and 
specific to be a biomarker for future prevention strategies. 
However, HLA-DR (DR3/4) and HLA-DQ (DQ8) genotypes are 
useful in predicting the risk of developing β-cell autoimmu-
nity. The highest risk of HLADR/-DQ genotypes is present in 
around 30 to 40% of individuals with T1DM and around 2 to 
3% of the background population.171

Autoantibodies
Autoantibodies are now widely accepted as the hallmark 
of T1DM. Autoantibodies against β-cell proteins and pep-
tides for diagnosis of T1DM, are routinely used.172 The 
most commonly measured are autoantibodies to glutamic 
acid decarboxylase, insulin-associated autoantibodies, 
insulinoma-associated protein 2 (IA-2, previously known 
as ICA-512), islet specific glucose-6-phosphatase catalytic 
subunit related protein, a tyrosine phosphatase like pro-
tein (islet antigen-2 [IA-2] and the most recently described 
zinc transporter 8.173,174 However, the development of auto-
antibodies against multiple β-cell antigens is recognized as 

a critical step in the disease pathogenesis and is associated 
with a significantly higher T1DM risk than the presence of 
just a single autoantibody.175,176 Autoantibody characteris-
tics that allow for stratification of diabetes risk include age 
at seroconversion, antibody number, titer, affinity, antigen 
specificity, and epitope binding.174,177 Recently, novel auto-
antibodies have been described, including those targeting 
neoantigens generated in β-cells under conditions of stress 
(e.g., immune stress and metabolic stress). These include 
antibodies against modified β-cell-derived peptides or pro-
teins generated through stress-induced post-translational 
modifications, like citrullination.178

T-Cell Biomarkers
Current evidence suggests that T-cells are the main mediators 
in the pathogenesis of T1DM.179,180 Thus, T-cell biomarkers 
are becoming an important component of immunotherapy 
trials in T1DM, identifying logical targets for intervention, 
providing novel insights into why (or in whom) treatments 
succeed or fail, and providing potential for participant  
stratification.181

CD4 T-cells provide help, cytokines, and regulation, 
while CD8 T-cells produce inflammatory cytokines to 
drive the destructive immune response forward and kill 
β-cells.183 Furthermore, frequencies of islet antigen-reactive 
CD4 and CD8 T-cells are higher in T1DM patients compared 
with healthy subjects, though variable over time, and may 
have the potential to function as a prognostic marker for dis-
ease onset or treatment response.183,184

The role of T cells as essential cellular constituents of dis-
ease progression has motivated research consortium efforts 
to develop T-cell biomarkers in T1DM, with attention to two 

Fig. 2 Possible biomarkers in T1DM. GAD-65, glutamic acid decarboxylase-65; IAA, insulin-associated autoantibodies; ICA-512, internal carotid 
artery-512; IGPR, islet specific glucose-6-phosphatase catalytic subunit related protein; T1DM, type-1 diabetes mellitus; ZnT8, zinc transporter 8.
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broad classes of markers, namely, (1) antigen specific (i.e., 
captured by assays that measure the number and/or func-
tion of T cells specific for B cell autoantigens) and (2) antigen 
agnostic (i.e., involving assays that measure T cell attributes 
without accounting for the specificity conferred by the T cell 
receptor).185

Conclusion and Future Perspectives
There is a vital need for the identification of more sensitive 
and precise biomarkers for subset of individuals with different 
underlying pathogenesis and difference in speed of disease 
progression at its earliest that will help to facilitate person-
alized prediction, prevention, and treatment of diabetes mel-
litus. Biomarkers are needed to guide our understanding of 
the disease process whether it is destruction of β-cells by the 
immune system as in T1DM or reduction in β-cell function as 
in T2DM. Combining biomarkers in a clinical setting may pro-
vide better sensitivity and specificity in predicting and pre-
venting the disease. However, long-term prospective studies 
are needed to further to establish the utility of these biomark-
ers in establishing early diagnosis and management of the 
disease and thereby preventing complications. Furthermore, 
genetic studies, assessing mutations, will also provide addi-
tional insight into its association with metabolic dysregula-
tion.186 Different omics platforms—genomics, metabolomics, 
proteomics, and microbiomics—and RNA sequencing-based 
studies, coupled with novel data science methods involv-
ing bioinformatics, data mining, imaging, machine learning, 
neural networks, are now revolutionizing biomarker devel-
opment.187-189 Adoption of such methods in accordance with 
data protection and ethical guidelines will improve quality of 
life for the patients and enable better health care.
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The Coronavirus disease 2019, caused by severe acute respiratory syndrome corona 
virus 2 (SARS-CoV-2), has evolved into a pandemic and has affected more than 130 
million people globally to date and continues to infect more. The disease primarily 
involves the respiratory system and manifests as fever, dry cough, dyspnea, and myal-
gia. Nearly half of the infected patients may be asymptomatic. The real-time reverse 
transcriptase polymerase chain reaction (RT-PCR) performed on the blood or respira-
tory samples is the diagnostic test with high accuracy. Although imaging with CT is not 
routinely indicated in this disease, this modality may provide a quick answer and assist 
in making a diagnosis in certain situations. In addition, imaging with CT also aids in 
evaluating the progress of the disease and in prognostication. A thorough knowledge 
of the common findings on the CT scan helps a radiologist in suggesting a diagnosis 
when it is performed in unsuspected patients. In this review, we describe the common 
and uncommon chest findings of COVID-19 on the CT scan.
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Introduction
The novel Coronavirus, causing severe acute respiratory syn-
drome (SARS)-like disease, is a recently discovered zoonotic 
virus spread from the bats, which act as natural hosts and 
reservoirs.1,2 This virus, now renamed as SARS Coronavirus-2 
(SARS-CoV-2), belongs to the subgenus Sarbecovirus and 
family Coronaviridae and is a single-stranded RNA virus.2 The 
disease began in Wuhan, in China, in late December 2019 and 
was declared a pandemic by the World Health Organization 
(WHO), as it has spread to almost every country. To date, 
(April 04, 2021), the virus has infected over 130 million peo-
ple worldwide and has resulted in over 2.8 million deaths.3

The virus predominantly affects the lungs and airways, 
and imaging is not routinely necessary for the diagnosis. 
However, many studies have shown that CT has a role to play 

in the diagnosis of COVID-19 in specific situations and hence 
the radiologist may be the first to suggest the diagnosis when 
it not clinically suspected.

Clinical Features
The SARS-CoV-2 virus primarily affects the respiratory sys-
tem; particularly the lower respiratory tract.4 The most com-
mon symptom is fever, seen in up to 98% of the patients. Other 
common symptoms include dry cough, dyspnea, fatigue, and 
myalgia.4,5 Sputum production, headache, hemoptysis, and 
diarrhea are uncommon. The symptoms differ from the other 
diseases caused by Coronavirus family like SARS and Middle 
East respiratory syndrome (MERS), in that these infections 
more commonly affect the upper respiratory tract and have 
higher incidence of diarrhea.4 Although the disease affects all 
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ages and gender, it is more commonly seen in the middle age 
population and men. About 37% of the infected patients had 
associated comorbidities like diabetes mellitus, hyperten-
sion, and cardiovascular disease.5 About 30% of the patients 
may require admission to intensive care unit (ICU) to correct 
hypoxemia. Laboratory findings are nonspecific and show 
elevation of C-reactive protein (CRP), erythrocyte sedimenta-
tion rate (ESR), and lactate dehydrogenase (LDH).5

Pathology
The pathological changes in the lungs in patients with 
COVID-19 correlate with the stage of the disease and CT 
findings.6,7 The lung changes are found in almost all patients 
irrespective of whether the patient is symptomatic and are 
similar to that found in SARS and MERS.8,9 The primary pul-
monary changes on histology are that of diffuse alveolar 
damage and include hyaline membrane deposition, alveolar 
epithelial cell injury, accumulation of exudates of fibrin, and 
diffuse hyperplasia of type II pneumocytes.10 The initial stage 
is mild exudative phase, which corresponds to ground-glass 
opacities (GGO) on CT scan. Histologically, there is alveo-
lar edema, exudates of protein, focal areas of hyperplastic 
pneumocytes, and patchy infiltration of inflammatory cells. 
The subsequent stage is proliferative phase, which is repre-
sented by consolidation on CT scan and by fibroblast pro-
liferation and deposition of extracellular matrix and fibrin 
within the alveoli on histology.10 When there is secondary 
bacterial infection, the alveoli may show neutrophilic infil-
tration. The primary reason for the predominant pulmo-
nary involvement in COVID-19 is the selective requirement 
of angiotensin-converting enzyme 2 (ACE-2) by the virus to 
infect cells and the high concentration of these receptors in 
the pneumocytes.11

Diagnosis
The disease is extremely contagious and has no specific treat-
ment. These two factors make a timely diagnosis imperative 
to isolate and manage the infected person.12 The confirma-
tory test of COVID-19 is reverse transcriptase polymerase 
chain reaction (RT-PCR), which identifies the RNA in the 
respiratory or blood samples. The test has a sensitivity vary-
ing from 71% to 97% in different studies.13-15 The real time 
RT-PCR requires approximately 5 to 6 hours to produce the 
final result. In countries where the number of cases are high, 
the number of the kits for RT-PCR may not be readily avail-
able.16 This sometimes prompts the necessity of performing 
imaging, particularly CT scan, in clinically suspected patients 
of SARS-CoV-2 infection. Further, since nearly half of the 
patients are asymptomatic, incidental detection of findings 
on the lung bases may be possible when an abdominal scan 
is performed for an unrelated pathology. Hence, it is critical 
that the performing radiologist is clearly aware of the various 
chest CT appearances of COVID-19, so as to raise a suspicion 
of the disease and suggest proper subsequent steps in the 
management. The CT scan has a sensitivity for detection of 
the disease in the range of 86 to 98%, but the specificity is 

low (25%) as such findings may be seen in other infectious 
diseases.12,13

Safety Measures with CT Scan
COVID-19 is a highly contagious disease, and performing 
CT scan of patients afflicted with it exposes the staff and 
the scanner to contamination by the virus. All precaution-
ary measures should be in place to avoid these risks.17 Prior 
to performing the CT scan, adequate staff training, properly 
laid standardized operative procedures like scheduling such 
patients during later part of the day and, whenever possible, 
dedicated hallways for these patients help in significantly 
mitigating the risk of transmission. Entry of personnel into 
the CT scanner room should be restricted and all, including 
patients, should wear a mask.

While performing the CT scan, the technologists should 
wear personal protective equipment (PPE).18 The recommen-
dation is to have two technologists to perform a CT scan, 
one to remain in the scanning room to shift and position the 
patient and the other in the console room for planning and 
performing the scan.19

Once the CT scans are performed, the next step is decon-
tamination of the CT scanner, the room, and room air.19 The 
protocol for decontamination is to mop the floor and the wipe 
the CT scanner, initially with water mixed with detergent, 
followed by sodium hypochlorite solution. Subsequently, the 
room is fumigated with formaldehyde for 30 minutes. The 
high-frequency contact surfaces should be wiped with a cloth 
soaked in alcohol-based disinfectants. The CT suite should be 
completely closed for 1 hour and properly ventilated.

Technique of Computed Tomography
The technique of performing a CT scan of the chest in a 
patient of COVID-19 is not different from the standard tech-
nique. The scan is performed with patient in supine position 
from thoracic inlet to costophrenic angles, with breath held 
in end-expiration.6 Intravenous (IV) contrast is usually not 
necessary.20 Both lung and mediastinal windows should be 
evaluated along with multiplanar reconstructions.

Spectrum of Findings on Computed 
Tomography
Various findings have been described on the CT scan of the 
chest in patients of COVID-19, which aid in the diagnosis. The 
spectrum of findings in the chest are broadly classified into 
four categories: pulmonary parenchymal, airway, pleural, 
and other organ changes.6,12,21,22 A schematic representation 
of the chest findings are shown in ►Fig. 1.

Pulmonary Parenchymal Changes
Pulmonary alveoli are the most common site of involve-
ment in the chest. A variety of alterations in the alveoli 
and the interstitium have been described in patients with 
COVID-19 pneumonia.
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Ground-Glass Opacity
Ground glass opacity (GGO) is the most common manifesta-
tion of COVID-19 pneumonia. The GGO occurs due to partial 
filling of the alveoli with the inflammatory exudates, fluid, 
and hyaline membrane.6,23 On CT scan, the GGO appear as an 
area of increased density in the lungs, without obscuration of 
vascular and bronchial markings (►Fig. 2).

It is considered as one of the earliest CT signs and is found 
in 98 to 100% of the patients.22,24,25 However, Pan et al sug-
gested that the extent of the GGO and lung findings depends 
on the time of scan from the symptom onset, with GGO seen 
in small sizes and in subpleural regions in the early stage of 
the disease (►Fig. 3).26 Subsequently, these progress to con-
solidation and interstitial thickening.27

Consolidation
Consolidation, the second most common finding in 
COVID-19 pneumonia, is seen as an area of increased den-
sity in the lungs, with obscuration of vascular and bronchial 
markings on the CT scan (►Fig.  4). Consolidation occurs 
when there is alveolar infiltration with fluid and inflam-
matory cells, as described in the previous section.10,21,23  
This appearance is found in up to 63% of the patients and may 

be patchy, segmental, and multifocal.25,28 The consolidation 
may be found de novo or may develop in an area of previous 
GGO, indicating that this is seen more commonly as the dis-
ease progresses.6,24 Further, many of the patients during the 
course of the disease, particularly during 1 to 3 weeks, have a 
combination of GGO and consolidation.7 It may be associated 
with an air-bronchogram.

In a study by Song et al, the authors showed that consoli-
dation is more common in the late stage of the disease and in 
patients aged more than 50 years.27 Hence, consolidation may 
be a warning of a severe disease course.

Interstitial Changes
Along with alveolar infiltration, there may be an associated 
infiltration of the intralobular and interlobular septae by 
lymphocytes, resulting in their thickening.6 This finding is 
seen in up to 49% of patients and constitutes the third most 
common finding.22 On the CT scan, the interstitial thickening 
is seen as reticular densities, which may have smooth or nod-
ular outline (►Fig. 5).6,21,22

A finding described along with interstitial tissue involve-
ment is crazy paving pattern. This occurs due to coexisting GGO 
and interlobular septal thickening, giving the appearance of a 

Fig. 1 Schematic diagram of the changes in the lungs in COVID-19 pneumonia. aw—airway (bronchial wall thickening, bronchiectasis); c—con-
solidation (obscured vessels); cp—crazy paving (alveolar with interstitial exudates); ggo—ground-glass opacity (vasculature seen); ln—medias-
tinal lymphadenopathy; n—nodules; pe—pleural effusion; pt—pleural thickening; spl—subpleural line.

Fig. 2 Axial (A, B) and coronal (C) CT images in lung window of a 72-year-old male COVID-19 patient show multifocal ground-glass opacities 
(GGOs) in bilateral lungs, predominantly in the lower lobes (arrows).
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stoned pavement with random lines (►Fig. 6). This finding is 
found in 5 to 36% of patients of COVID-19 pneumonia.29 When 

this finding is present with GGO and consolidation, it may 
suggest peak stage or progressive disease.26

Fig. 3 Axial CT images in lung window (A, B) of a 40-year-old male with COVID-19 infection show multifocal ground-glass opacities (GGOs) in 
the peripheral and subpleural distribution.

Fig. 4 Axial CT images, mediastinal (A) and lung (B) windows of a 64-year-old female with COVID-19 pneumonia show an area of segmental 
consolidation in the left upper lobe. Adjacent ground-glass opacities (GGOs) and interlobular septal thickening are also seen.

Fig. 5 Axial CT images in lung window (A, B) of a 55-year-old male with COVID-19 infection show areas of intralobular and interlobular septal 
thickening in the bilateral subpleural regions.
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Nodules
About 23% of patients with COVID-19 may show centrilob-
ular nodules (size < 3 cm) on CT scan.22 The nodules may be 
solitary or, more commonly, multiple and frequently have 
ill-defined margins (►Fig. 7).21 As the disease progresses, the 
nodules may increase in size and number.30 There may be an 
associated ground glass halo around some of the nodules.

Vascular Enlargement
Enlargement of the pulmonary vasculature is found in 
approximately 70% of the patients of COVID-19.22 On CT scan, 
they are seen as smoothly dilated pulmonary vessels within 
or around an area of GGO or consolidation (►Fig.  8). This 
finding develops due to the vasodilatation, injury and edema 
of the vessel wall from acute inflammation.21,22

Halo and Reverse Halo Sign
Halo sign is defined as a nodule with surrounding GGO 
(►Fig.  9).23 This finding is nonspecific and is uncommonly 
described in COVID-19 pneumonia.31,32 Although in other  
diseases, the halo of GGO is due to hemorrhage, its pathogen-
esis in COVID-19 is currently unclear.

A reverse halo or atoll sign has also been described in 
patients of COVID-19. This sign is defined as a halo of consol-
idation around a low-density core or GGO (►Fig. 9).33 They 
occur when a ring of consolidation develops around a GGO 
core or when there is healing in the center.25

Both these signs are uncommonly described in COVID-19 
pneumonia. A study by Li et al found halo sign and reverse 
halo sign in 17.6% and 3.8% of patients, respectively.31

Fibrosis and Architectural Distortion
In the late stage of the disease, fibrosis and architectural 
distortion may be seen. This occurs as a result of the heal-
ing process of the GGO, consolidation, and interstitial 
disease.30 On CT scan, fibrosis is seen as irregular sharply 
marginated densities, in the alveolar space or interstitium, 
or both, leading to distortion of the parenchymal structure, 
lobar or pulmonary volume loss, and mediastinal shift 
(►Fig.  10).20 The incidence of fibrosis on CT scan varies 
from 21 to 53%.20,22 Although fibrosis indicates healing, its 
prognosis is still not clear. The reversibility of the fibrosis 
is not currently known.

Fig. 6 Axial (A, B) and coronal (C) CT images of a 30-year-old male with COVID-19 infection show combination of ground-glass opacities 
(GGOs) and interstitial thickening in bilateral lungs, giving the appearance of crazy paving.

Fig. 7 Axial CT images in lung windows (A, B) of a 55-year-old male with COVID-19 infection show ill-defined centrilobular nodules in bilateral 
lungs, predominantly distributed in the subpleural regions.
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Distribution
Many studies describing the distribution of the pulmo-
nary findings have found that the most common site of 
involvement is the lower lung lobe, seen in 55% of the cases 
(►Fig. 11).22 Diffuse involvement of upper and lower lobes is 
the second most common appearance, and in 6%, upper lobes 
are predominantly involved. Peripheral and subpleural pul-
monary areas are more commonly involved (75%) compared 
to the central regions (►Fig.  11).22,24 In 80%, the disease is 
bilateral, and in 55%, it is multifocal.

Airway Changes
The airway changes which are described in COVID-19 include 
bronchial wall thickening and bronchiectasis.21

Bronchial Wall Thickening
Bronchial wall thickening, which occurs due to inflammation 
of the bronchial wall, is found in less than a third of patients 
of COVID-19.22,28 On CT scan, it is seen as a smoothly thick-
ened walls of the bronchi (►Fig.  12). One study by Li et al 

Fig. 8 CT images in lung windows of three different patients of COVID-19 pneumonia showing vascular enlargement in association with 
ground-glass opacities (GGOs) (arrow in A), consolidation (arrow in B) and crazy-paving (arrows in C).

Fig. 9 Axial (A-C) and coronal (D) CT images in lung window of a 25-year-old male with COVID-19 pneumonia show multiple nodules in bilat-
eral lungs, with halo sign (arrows in A-C) and reverse halo sign (arrows in D).
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has shown that this finding was more common in severe and 
critically ill patients, which may help in predicting disease 
severity and prognosis.25

Bronchiectasis
Bronchiectasis or bronchiolectesis, defined as abnormal irre-
versible dilatation of the airways, occurs either due to inflam-
matory weakening of the bronchial wall or due to traction of 
the bronchi by surrounding fibrosis (tractional bronchiecta-
sis) (►Fig.  12).21 Bronchiectasis is found during the second 
and third week of the disease and may indicate the beginning 
of recovery process.6

Air bubble sign is a rare finding described in 
COVID-19 pneumonia.21 On CT scan, it is seen as a small 
air-containing space or cyst, which could be due to bronchio-
lectasis or resorption of an area of consolidation (►Fig. 12).

Pleural Changes
Pleural Effusion
Pleural effusion is an infrequent finding in COVID-19 and is 
seen in approximately 5 to 14% of the patients (►Fig. 13).6,22 This 
finding is seen late in the course of the disease and may be 
associated with poor prognosis.20

Pleural Thickening
Pleural thickening is more common than pleural effusion and 
is seen in 32% of patients (►Fig. 13).6,7 This finding is usually 
associated with pulmonary signs like GGO, consolidation, or 
interstitial thickening.

Subpleural Lines
Subpleural lines or bands, another relatively common find-
ing, are seen in less than a third of patients. On CT scan, these 
lines are seen within 1 cm of the pleural surface and appear as  
1- to 3-mm thick curvilinear densities (►Fig. 13).21 This find-
ing may be related to either pulmonary edema or fibrosis.25

Other Changes
Lymphadenopathy
Mediastinal lymphadenopathy is an infrequent finding 
in COVID-19 and has been reported in 4 to 8% of patients 
(►Fig. 14).7,28 This finding is associated with severe and crit-
ical pneumonia and is considered to be a poor prognostic 
factor.25 However, secondary bacterial infection should be 
considered when this finding is found in association with 
lung nodules and pleural effusion.12,13

Fig. 10 Coronal (A, B) and axial (C) CT images in lung window of three different patients of COVID-19 pneumonia in recovery phase show 
fibrotic bands (arrows in A and B) and cavitation (arrow in C).

Fig. 11 Axial (A, B) and coronal (C) CT images in lung window of a 60-year-old male with COVID-19 pneumonia show the distribution of the 
pulmonary involvement, which is multifocal, peripheral and subpleural with lower lobar predominance.
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Pericardial Effusion
Pericardial effusion is found in approximately 5% of the 
patients of COVID-19 and is frequently seen in association 
with severe and critical disease.24 Thus, this finding also car-
ries a poorer prognosis.25

Pulmonary Embolism
Some reports have suggested the development of pulmo-
nary embolism (PE) in patients of COVID-19 presenting with 
respiratory failure.34,35 The current reports have indicated that 
pulmonary embolism is seen in 22 to 30% patients afflicted 
with COVID-19.35 CT pulmonary angiography should be per-
formed whenever PE is clinically suspected.

Recovery Phase of COVID-19
The recovery process typically starts after 14 days of the 
disease in about three-fourths of the patients.24 During the 
recovery phase of the disease, the CT scan shows improve-
ment in the previously documented findings in the form of 

reduction in the extent of pulmonary or lobar involvement, 
resorption of GGO and consolidation and disappearance of 
nodules and crazy paving feature.26 Subsequently, cavities 
may develop along with bronchiectasis and other fibrotic 
changes. The long-term consequences of fibrotic changes are 
currently not known.

Differential Diagnosis
As mentioned in a previous section, although CT scan has 
high sensitivity of up to 98%, its specificity is only 25%.12 This 
is because the findings seen on CT scan are found in many 
other diseases caused by adenovirus, influenza and para-
influenza viruses, rhinovirus, and respiratory syncytial 
virus.31,36 Although difficult, based on the predominant CT find-
ings, it may be possible to differentiate COVID-19 pneumonia 
from other viral pneumonias. These findings include asym-
metrically distributed centrilobular nodules and consoli-
dation in respiratory syncytial virus; bilateral multifocal, 
lobar or segmental GGO and consolidation in adenovirus; 

Fig. 12 A, B–Axial (A) and coronal (B) CT images in lung window of a 40-year-old male with COVID-19 infection show bronchiectasis (arrow) 
with surrounding ground-glass opacities (GGOs). C—Axial CT image in lung window of a 72-year-old male with COVID-19 shows bronchial wall 
thickening bilaterally (arrows). D—Axial CT image in lung window of a 35-year-old female with COVID-19 pneumonia shows the characteristic 
cyst sign (arrow).
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Fig. 13 Axial (A, B—mediastinal window; C—lung window) and coronal (D—lung window) CT images of three different patients with 
COVID-19 pneumonia show pleural involvement in the form of bilateral pleural thickening (arrows in A), bilateral pleural effusion  
(arrows in B), and subpleural band (arrow in C and D).

Fig. 14 Axial CT images in mediastinal (A, B) and lung (C) windows show enlarged mediastinal lymph nodes (arrows in A and B), with multifo-
cal ground-glass opacities (GGOs) in bilateral lungs.
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centrilobular nodules and bronchial wall thickening in para-
influenza virus; and bilateral, lower lobar GGO and consoli-
dation in influenza virus pneumonias.37

In addition to the above, two other differentials 
include SARS and MERS, as both these diseases are caused 
by other Coronaviruses and have similar pathological 
changes.21 However, some imaging findings are found to be 
more common in COVID-19 pneumonia compared to MERS 
and SARS. These include predominant multifocal involve-
ment, nodules with halo sign and reverse halo sign.31,38 In 
addition, some findings like lymphadenopathy, pleural effu-
sion, nodules, and cavitations are uncommon in SARS and 
MERS.38

Conclusion
In conclusion, COVID-19 is a highly contagious viral infection, 
principally affecting the respiratory system. Although, the 
real-time RT-PCR is highly accurate in making the diagnosis, 
CT scan helps in assessing the disease severity and in prog-
nostication. Adequate precautions should be taken while per-
forming CT scan to avoid cross-contamination. Knowledge of 
the spectrum of findings on the CT scan, as described in this 
review, is helpful in raising suspicion of the disease in unsus-
pected cases and differentiating COVID-19 pneumonia from 
other viral diseases to some extent.
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Objectives The aim of this study is to analyze the current scenario in the diagnostic 
modalities for prostate cancer.
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The role of long noncoding RNA and gene fusion products in the context of prostate 
cancer was reviewed, which included their roles in diagnosis, prognosis, and assess-
ment of response to therapy.
Results Several long noncoding RNAs (lncRNA) have been isolated and have been 
shown to be useful in diagnosing and prognosticating prostate cancer. We have also 
looked into the role of TMPRSS2:ERG gene fusion in prostate carcinoma diagnosis. 
These molecular parameters have been looked into due to the fact that the current 
parameters in use such as prostate-specific antigen have several drawbacks that limit 
their potential.
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Introduction

Prostate cancer is a malignancy found commonly in elderly 
males. It is the second most common and overall sixth lead-
ing reason of mortality in men all over the world. In 2018, 
approximately 1.3 million new cases were reported. This 
accounted for 9.5% of total cancer burden.1 If the incidence 
of prostate cancer cases grew at this rate, it is likely that we 
will have 1.7 million new cases by 2030, along with approxi-
mately 5 million new deaths. The main reason is the increase 
in aging population in the world.2 The epidemiological differ-
ences between Asian and Western countries in disease inci-
dence and mortality rates are well documented.2 Countries 
in Oceania, Northern America, Northwestern Europe, and 
the Caribbean Island have the highest prostate cancer inci-
dence in the world.3,4 In the United States, the estimated 

deaths from prostate cancer were found to be 4.9% of all 
cancer deaths.1 In comparison, African countries have been 
found to have lower incidence and mortality rates.3 Recent 
trends in the West suggest that prostate cancer mortality 
rates have been decreasing.3,5 Jemal et al postulated that this 
may be due to early detection and improved treatment in the 
West.6 There are limited data about incidence and mortality 
due to prostate cancer in Asian countries, and their authentic-
ity is debatable. There may be many reasons for the increase. 
One possible explanation could be a change in lifestyles due 
to more westernized diets.5 Also, the implementation of early 
detection systems and national cancer registration systems 
has become widespread, though such national cancer regis-
tries are still nascent in most Asian countries. Earlier it was 
believed that prevalence of prostate cancer in India is much 
lower in comparison to developed countries. However, with 
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rapid urbanization, there has been an increased migration of 
people from rural areas; life styles changes, increased aware-
ness, and easier accessibility to medical facilities have led to 
more cases of prostate cancer being reported. The current 
population-based cancer registries (PBCRs) 2009–2011 for 
prostate cancer showed that the prevalence of prostate cancer 
is more in the metropolitan cities and the trend is increasing.7 
In India data regarding the true incidence of prostate cancer 
are limited. This is mainly due to the fact that prostate cancer 
is not a notifiable disease and PBCRs and community-based 
cancer registries in India are limited. One of the major draw-
backs of these cancer registry–based studies is that these are 
mainly urban-based and there are scarce data available from 
the rural population. However, since the last decade, there 
has been an increasing trend of cases observed.8,9

Diagnostic Modalities for Prostate Cancer: Current 
Scenario
The characteristic of an ideal biomarker is its high diagnos-
tic accuracy, simplicity in measurement, lower cost, and test 
repeatability that could be performed via easily available 
body fluids such as serum, urine, or prostatic fluid. Currently, 
the diagnosis of prostate cancer is based on clinical history 
of urinary obstruction in elderly males, followed by a digi-
tal rectal examination (DRE) and serial measurements of 
prostate-specific antigen (PSA). It is believed that DRE is posi-
tive only in 20 to 30% of cases.10 Therefore, currently both PSA 
and DRE are the main tools used for diagnosis as well as for 
assessing the response to therapy.8

PSA is limited in its ability to diagnose prostate cancer as 
it is only prostate tissue–specific and can be elevated even in 
benign prostate disorders. The results of the Prostate Cancer 
Prevention Trial showed the presence of prostate cancer over 
all the ranges of PSA.10 The American Cancer Society recom-
mends an annual screening of patients aged 50 years or older 
in the lower risk group and of patients aged 45 years or older 
in the higher risk group. Several alternate approaches have 
been put forward, such as having age-specific cutoff rates, 
lowering upper reference limit, and measurement of PSA 
density. The most successful approach has been to use the 
molecular form of PSA and free PSA. The percentage of free 
PSA ([free PSA/total PSA] × 100) has been used to improve the 
clinical sensitivity and specificity in diagnosing prostate can-
cer, especially in the gray zone of PSA (4–10µg/L). Men with 
prostate cancer have lower circulating free PSA and more 
bound PSA. Greater utility of PSA has been seen in staging the 
disease and monitoring the response to therapy.10 There are 
several scoring systems evaluated, such as the Cancer of the 
Prostate Risk Assessment (CAPRA), but they lack sensitivity 
and specificity.11

Prostate Cancer Diagnosis: Advances and Future 
Prospects
Long Noncoding RNA (lncRNA)
Noncoding RNAs (ncRNA) are RNA transcripts that are not 
involved in protein coding. They are classified into: (1) 
small ncRNAs (18 to 200 nucleotide in length) and (2) long 

noncoding RNAs (lncRNAs) (longer than 200 nucleotides in 
length). It is now known that lncRNAs fold into secondary 
and tertiary structures and carry out their function—unlike 
miRNA, which do not have this property.12 lncRNAs have 
been shown as modulators of important cellular processes 
not only under normal circumstances, but also in diseases 
such as cancer.12-17 Abnormally expressed lncRNAs can be 
used to indicate different stages of cancer progression, 
enable early prediction of disease progression, or give infor-
mation regarding efficiently sustained tumor-linked sig-
naling pathways.12,17 From this discussion, it can be safely 
concluded that lncRNAs have all the necessary character-
istics to be a useful marker  for the diagnosis of prostate 
cancer, and being a potential marker that can be  used in the 
choice of therapy and importantly act as therapeutic tar-
get for prostate cancer therapy.12 Depending on their role in 
disease pathogenesis or their site of action, several lncRNAs 
have been implicated. ►Fig. 1 indicates the various mech-
anisms by which lncRNA plays a role in regulation of gene 
expression.

lncRNAs Implicated in the Pathogenesis of 
Prostate Cancer
Prostate Cancer Antigen 3 (PCA3)
PCA3 is one of the earliest and most prolific biomarkers to 
be discovered in prostate cancer. In 1999, PCA3 was first iso-
lated by differential display analysis of prostate tissues by 
Bussemakers et al.18 It was first named DD3. It is considered 
to be one of the most specific parameters for prostate can-
cer identification.12 PCA3 has been shown to be expressed 
in more than 95% of prostate tumors in comparison to non-
cancerous tissues. Ideally, it was shown that other malig-
nancies did not express high levels of PCA3, thus enhancing 
its specificity. PCA3 knockdown inhibits androgen receptor 
(AR) signaling, cell growth, and viability. This suggests that 
overexpression of PCA3 may modulate AR signaling in tumor 
cells.12 Also, it was seen that knockdown of PCA3 led to not 
complete but partial activation of epithelial markers, e.g., 
E-cadherin, claudin-3, and cytokeratin 18. Also, a downreg-
ulation of the mesenchymal marker such as vimentin was 
noted. These proteins have a well-documented role in cancer 
metastasis and cellular invasion and potential as prognos-
tic markers, especially cytokeratin 18. PCA3 has also been 
found to regulate apoptosis, angiogenesis, and signal trans-
duction–related cancer cell gene expression. Additionally, in 
a working model of PCA3, it has been shown that PCA3 acts 
as an unrecognized prune homolog 2 (PRUNE2) down-
regulating oncogene. PRUNE2 is a human homolog of the 
Drosophila prune gene. This downregulation is through RNA 
editing by the formation of PRUNE2/PCA3 double-stranded 
RNA.12,18-20 This gene has been proposed to act like a tumor 
suppressor in prostate cancer. Its downregulation can lead 
to increased risk of oncogenesis. This lncRNA is a classic 
example of a lncRNA showing epigenetic effect on tumor 
cell.18 Currently, apart from blood, urine as a specimen to 
detect PCA3 has also been looked into.
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Second Chromosome Locus Associated with Prostate-1 
(SChLAP1)
Second chromosome locus associated with prostate-1 
(SChLAP1) is highly expressed in lncRNA (20–25%) in pros-
tate cancer. Prostate cancer patients showing expression 
of SChLAP1 are at a higher risk of metastatic cancer. High 
expression of this lncRNA is common in castration-resistant 
prostate cancer (CRPC). It is positively associated with 
increased risk of disease progression, metastasis, and recur-
rence, leading to mortality. SChLAP1 interacts with SWI/SNF 
(Switch-Sucrose Non-Fermentable) complex, thus negating 
the tumor-suppressor effects of SWI/SNF. Expression analysis 
of SChLAP1 by in situ hybridization showed that this lncRNA 
is an independent predictor of disease recurrence after rad-
ical prostatectomy. SChLAP1 expression has been shown to 
correlate with cancer progression, making this lncRNA a use-
ful tissue-based biomarker for identifying prostate cancer 
patients at higher risk of cancer progression.12,21-24

SPRY4 Intronic Transcript 1 (SPRY4-IT1)
SPRY4 intronic transcript 1 (SPRY4-IT1), also known as 
SPRIGHTLY, is a gene that produces several lncRNAs that are 
implicated in several malignancies including prostate can-
cer. It is located on 5q31.3. The gene product plays a role 
in cellular proliferation, apoptosis, and growth. It has been 
found that this lncRNA is highly upregulated in prostate 

cancer cells in comparison to normal prostate epithelia. 
Using siRNA, SPRY4-IT1 knockdown was found to inhibit cell 
proliferation and enhanced tissue invasiveness and apopto-
sis. SPRY4-IT1 could easily be detected in majority of pros-
tate cancer samples by using an RNA chromogenic in situ 
hybridization assay. Specificity of expression in prostate can-
cer tissue and easy detection with standard staining of tissue 
samples make this lncRNA useful in diagnosis.25

Metastasis-Associated Lung Adenocarcinoma 
Transcript 1 (MALAT1)
Metastasis-associated lung adenocarcinoma transcript 1 
(MALAT1) is a lncRNA that was originally found to be overex-
pressed in metastatic non–small cell lung cancer tissues. It is 
derived from the gene present on chromosome 11q13.1. The 
gene product undergoes modification by RNase P to form a 
tRNA like lncRNA at its 3′ end called MALAT1. Recent stud-
ies have showed MALAT1 overexpression in other human 
cancers, such as breast and pancreas. In prostate cancer, 
MALAT1 overexpression is linked with factors indicating 
poor prognosis such as high Gleason score, tumor metas-
tasis, and a serum PSA value greater than 20 ng/mL. It was 
also observed that the expressions were much higher in 
CRPC. In a study that compared the expression of MALAT1 in 
urinary samples of biopsy-proven and normal-biopsy can-
cer patients, it could be safely concluded that MALAT1 was 

Fig. 1 Functions of long noncoding RNA.19
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higher in biopsy-positive samples. From this, it could be 
inferred that urinary MALAT1 could be used as a promising 
diagnostic biomarker.26-32

Transient Receptor Potential Cation Channel, Subfamily 
M, Member 2-Antisense Transcript (TRPM2-AS)
Transient receptor potential melastatin 2 (Trpm2) are non–
voltage-activated channels which are permeable to both diva-
lent and multivalent cations. They are extensively expressed 
in heart, kidney, and brain. It has been found to be elevated in 
bladder, colon, brain, and prostate cancers. They induce cel-
lular injury due to calcium overload in the cell. The human 
Trpm2 (previously LTrpc2) gene is located in chromosome 
21q22.3.33 TRPM2-AS is an antisense lncRNA. It is transcribed 
from the antisense strand of the TRPM2 gene. Elevated lev-
els of TRPM2-AS were indicative of poor prognosis. In vitro 
knockdown of TRPM2-AS caused apoptosis in prostate can-
cer cells. Microarray analysis showed that TRPM2-AS regu-
lates the expression of genes involved in cell survival control, 
response to nonfolded protein, and cell cycle in prostate can-
cer cells.33-35

Nuclear Enriched Abundant 1 (NEAT1)
NEAT1 is a key constituent of paraspeckles (nuclear substruc-
tures, located in the nucleus and have a role in regulation of 
gene expression). NEAT1 exists as two isoforms, named long 
and short, respectively, depending on the distinct termina-
tion sites. It has been shown that NEAT1 short has a distinct 
poly(A) tail, which is lacked in NEAT1 long. NEAT1 has a 
role in the formation of paraspeckles, but despite this, the 
expression of NEAT1 is very less in normal tissues. Using 
endogenous RNA purification methods, West et al showed 
that NEAT1 attaches near the active transcription sites in the 
genome and functions in association with another lncRNA 
MALAT1.36 NEAT1 acts via competing with miR-107, which 
is a tumor suppressor miR. CDK6 has been found to be one of 
the targets of miR-107. Suppression of miR-107 can lead to 
enhanced G1/S transition and hence increased tumorigene-
sis. NEAT1 has also been shown to inhibit miR-377, which is 
again a tumor suppressor miR. It acts via inhibiting E2F3 and 
MAP3K7. MAP3K7 is a serine/threonine kinase having a 
potential role in several malignancies.36 In a study combin-
ing chromatin immunoprecipitation sequencing with RNA 
sequencing techniques in prostate cancer cells, NEAT1 was the 
most significantly overexpressed lncRNA. NEAT1 expression 
was associated with cancer progression, and cells expressing 
high levels of NEAT1 were found to be resistant to decreased 
androgen levels and therapy with AR antagonists. NEAT1 has 
been shown to recognize the promoter regions of the target 
genes and modifies them epigenetically to favor transcrip-
tion and enhance oncogenic growth.36-38

lncRNAs Related with AR Signaling
Prostate Cancer Gene Expression Marker 1 (PCGEM1)
PCGEM1 is a highly prostate-specific lncRNA and has a role 
in cell proliferation. It is an androgen-regulated lncRNA. 
The chromosomal location for the gene coding this lncRNA 

is 2q32.2. This lncRNA has been proposed to have an antia-
poptotic effect along with influencing the AR and the Myc. 
Apart from prostate cancer, this RNA has also been impli-
cated in osteoarthritis.39,40 The myocyte enhancer factor 2 
(MEF2) has a role in cell differentiation, proliferation, and 
metastasis. It has been demonstrated that the expression 
of PCGEM1 is regulated by MEF2. Increased expression of 
MEF2 was shown to enhance the expression of PCGEM 1 via 
its positive effect in its promotor. Gene expression analysis 
showed that MEF2 was differentially expressed under the 
influence of androgens.41 Expression of PCGEM1 has been 
found in approximately 50% of prostate tumors, with func-
tional analysis supporting the fact that this RNA has a role 
in cell proliferation promotion and colony formation. It was 
shown that cell proliferation regulation by PCGEM1 was via 
the regulation of c-Myc.41-43

PCAT (Prostate Cancer Associated Transcript 1) Family
PCAT1 is a lncRNA expressed with great specificity in pros-
tate tissue. It is upregulated in high-grade metastatic prostate 
cancer. It was discovered by Prensner and Chinnaiyan in 2011. 
PCAT1 gene is located on chromosome 8q24 and is 725 kb 
upstream of the c-Myc oncogene. PCAT1 has been found to 
induce in vitro cell proliferation. Apart from cellular prolif-
eration, PCAT1 has been found to have repressive effects on 
other genes, including BRCA2. PCAT1 promotes cell prolifer-
ation by interacting with c-Myc. It plays the role of a dummy 
for c-Myc-targeting miRNAs. Apart from having a role in cell 
proliferation, tumor metastasis, and invasion, PCAT1 has also 
been implicated in epithelial mesenchymal transition via 
the Wnt/β catenin pathway.44 Other PCAT family members, 
namely, PCAT6, PCAT7, and PCAT18, have been found to have 
predictive role in assessment of tumor progression by reg-
ulating AR signaling. Expressions of PCAT6 and PCAT7 were 
found to be higher in primary and metastatic prostate cancer. 
Knockdown of PCAT6 and PCAT7 using RNA silencing reduced 
cell growth. PCAT18, a highly prostate-specific lncRNA, 
was found to be increasingly expressed in metastatic pros-
tate cancer tissues. Expression level of PCAT18 is also regu-
lated by AR signaling. Knockdown of PCAT18 decreased cell 
growth.45-50 PCAT29 is functionally a tumor suppressor RNA 
and was identified as an AR-regulated lncRNA. Interestingly, 
it was noted that PCAT29 downregulation significantly 
increased cellular proliferation and migration, whereas 
PCAT29 overexpression did the reverse. In specimens taken 
from prostate cancer patients, low PCAT29 expression 
was linked with poor prognosis, suggesting that decreased 
expression of this lncRNA may help us identify those patients 
who are at a higher risk for disease recurrence.51-53

Prostate Cancer Noncoding RNA-1 (PRNCR1)
This lncRNA was first identified by Chung et al in 2011.52 The 
transcript was found to be 13-kb long and is polyadenylated. 
PRNCR1 was initially identified as a novel lncRNA tran-
scribed from 8q24. 8q24 genomic locus is an important 
gene locus greatly associated with prostate cancer suscepti-
bility and has presence of another lncRNA, namely, PCAT1. 
Knockdown of PRNCR1 by RNA silencing reduced prostate 
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cancer cell viability and AR activation activity. This indicated 
that PRNCR1 could be implicated in prostate cancer possibly 
through AR. In another study, it was found that PRNCR1 and 
PCGEM1 can successively bind to AR and strongly increase 
gene activation and proliferation in prostate cancer cells 
by using AR. However, further studies showed that neither 
PCGEM1 nor PRNCR1 interacts with AR and that neither gene 
was of any prognostic importance for prostate cancer.52-54

C-Terminal Binding Protein 1 (CTBP1)
The cytogenetic location of CTBP1 is 4p16.3. This gene 
encodes transcriptional regulators that interact with 
chromatin-modifying enzymes to regulate cellular path-
ways. CTBP1 is mainly a repressor acting via histone acetyl-
ates and deacetylases.55 A lncRNA located at the antisense 
region of the CTBP1 gene, i.e., CTBP1-AS, was demonstrated 
to promote tumor growth of both hormone-sensitive and 
hormone-resistant prostate cancer models epigeneti-
cally.56,57 These studies underlined the importance of the 
role played by an androgen-regulated lncRNAs in cancer 
progression.

HOX Transcript Antisense RNA (HOTAIR)
This gene is located in the HOMEOBOX C gene cluster pres-
ent on chromosome 12. HOTAIR and its variants have been 
implicated in many malignancies. It has been shown that 
aberrant HOTAIR expression can result in chemoresistance 
in malignancies, and knockdown of HOTAIR has been found 
to cause tumor invasion and metastasis.58 In prostate cancer, 
HOTAIR was reported as a lncRNA that were suppressed by 
androgens. HOTAIR was thought to bind with AR protein and 
subsequently block its interaction with E3 ubiquitin ligase, 
thus preventing the receptor ubiquitination and degrada-
tion. Increased expression of HOTAIR was associated with 
increased prostate cancer cell growth and invasion.59-67

Suppressor of Cytokine Signaling 2-Antisense 
Transcript 1 (SOCS2-AS1)
SOCS2-AS1 is an androgen-regulated lncRNA. It is located 
at the antisense strand of SOCS2. SOCS2 belongs to a family 
of eight genes whose function is via the JAK/STAT pathway. 
The expressions of SOCS2-AS1 and SOCS2 were thought to be 
in an androgen-dependent manner. RNA silencing–induced 
SOCS2-AS1 and SOCS2 downregulation reduced the cellu-
lar proliferation in prostate cancer cells. It has been docu-
mented that SOCS2-AS1 has been expressed in CRPC model 
cells and that they have a role in promotion of growth in 
both androgen-resistant and androgen-dependent cells, 
and it also inhibited apoptosis. Furthermore, through epi-
genetic modification, SOCS2-AS1 promoted androgen sig-
naling for the target genes of AR, including TNFSF10 (tumor 
necrosis factor superfamily member 10). This suggested that 
SOCS2-AS1 had an important role in CRPC development by 
repressing apoptosis.68

POTEF-Antisense Transcript-1 (POTEF-AS1)
Prostate, ovary, testis expressed protein family member-F 
gene (POTEF) antisense transcript 1 is a lncRNA transcribed 

from the antisense strand of prostate, ovary, testis expressed 
protein family member-F gene (POTEF). This gene is located 
on chromosome 2q21.1. POTEF is one of main proteins that is 
encoded by the POTE family genes, and is mainly expressed in 
the tissues of prostate, ovary, testis, and placenta. POTEF-AS1, 
which is coded from the antisense strand of POTEF, was 
demonstrated to promote cell growth and inhibit apoptosis. 
It was shown to repressed genes related to toll-like receptor 
signaling pathways.69,70

lncRNAs as Tumor Suppressors
Growth Arrest-Specific 5 (GAS5)
GAS5 is a tumor-suppressive lncRNA that promotes apoptosis 
and decreases AR action. It was found to isolate androgen/AR 
complexes and prevent their binding to target genes. It was 
noted that there was a decrease in the expression levels of 
GAS5 when prostate cancer cells acquire androgen resis-
tance. In a recent study, mTOR inhibitor was found to regu-
late GAS5 expression in prostate cancer cells. In AR-positive
prostate cancer cell lines, such as LNCaP and 22Rv1, mTOR 
inhibitors have shown to increase expression levels of cel-
lular  GAS5 and also inhibited cell growth. GAS5 silencing 
cells resulted in reduced sensitivity to mTOR inhibitors. In 
early-stage prostate cancer, these mTOR inhibitors may be 
used to increase GAS5 levels and hence increase cellular 
apoptosis, which may be a useful therapeutic target.71-73

Focally Amplified lncRNA Onchromosome1 (FALEC)
It is an oncogenic lncRNA having a chromosomal loca-
tion of 1q21.2. It has been shown that FALEC acted via 
binding to polycomb repressive complex 1 (PRC1) and 
BMI1 proto-oncogene to alter the levels of H2AK119. Histone 
H2AK119 monoubiquitination is necessary for binding and 
subsequent suppression of PRC1. Altered expression of 
PRC1 complex can result in suppression of CDKN1A, p21, 
TP53I3 targets, which allow proliferation of tumor cells. A 
study conducted by Zhao et al using real-time polymerase 
chain reaction (RT-PCR) analysis showed that there was an 
increased expression of FALEC in prostate cancer cells in com-
parison to normal epithelial cells. Higher expression of FALEC 
was associated with high-grade tumor with increased tissue 
invasiveness and high Gleason score. The elevated expression 
correlated with poor prognosis.74

Antisense Noncoding RNA in the INK4 Locus (ANRIL)
It is an antisense lncRNA found at the gene locus of CDKN2A/B. 
This gene locus is associated with many metabolic and malig-
nant diseases. ANRIL is a complex gene containing 21 exons. 
In malignancies, a gain-of-function mutation in ANRIL is 
associated with increased cellular proliferation, metasta-
sis, increased cell survival via the PI3K/AKT pathway, and 
epithelial-to-mesenchymal cell transition by activating 
the ATM-E2F1 signaling pathway. Zhao et al illustrated the 
role of ANRIL in cell proliferation and migration in prostate 
cancer cells using the CCK8 assay and RT-PCT.75 Their result 
showed that ANRIL expression was significantly elevated in 
prostate cancer tissues. Knockdown of ANRIL inhibited the 
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proliferation and migration of prostate cancer cells and sig-
nificantly decreased the levels of TGF-β1 and p-Smad2, which 
are involved in cellular proliferation. In prostate cancer, the 
rs4977574, rs1333048, and rs10757278 polymorphisms 
of lncRNA ANRIL were associated with benign prostate 
hyperplasia.75-77

►Table 1 enlists the various lncRNA discussed and their 
possible role in prostate cancer therapy.

TMPRSS2:ERG Gene Fusion
Genomic rearrangements have long been implicated as ini-
tial events in oncogenesis. There are many malignancies that 
have gene fusion in their pathogenesis, e.g., the Philadelphia 
chromosome, which has been implicated in many hemato-
logical malignancies such as chronic myeloid leukemia and 
acute myeloid leukemia. In the case of prostate cancer, gene 
fusion transcripts of ERG (also known as TMPRSS2:ERG, or 
T2E), which is a member of the ETS family (erythroblast 
transformation–specific) of oncogenes-transcription fac-
tors has been implicated. ERG gene produces ERG protein, 
which has a role in embryonal development, angiogene-
sis, cell proliferation, and differentiation. This gene fusion 
product has been identified as promising urinary novel 

biomarkers.78 Laxman et al were the first to show the pres-
ence of mRNA products of the TMPRSS2:ERG fusion gene in 
the urine samples from prostate cancer patients.79 In 2005, 
Tomlins et al identified gene members of the ETS family of 
oncogenes in 55% of prostate cancer patients,79 similar to the 
results of an earlier study in which ERG overexpression was 
found in 72% of prostate cancer cases. More so by performing 
the assays in combination, they were able to detect fusion of 
these ETS family genes with the 5′ untranslated region of the 
TMPRSS2 gene in more than 90% of cases, resulting in over-
expression of ERG or its variant gene (ETV) 1. TMPRSS2 gene 
is highly prostate-specific and an androgen-regulated gene. 
From this, they concluded that overexpression is most proba-
bly caused by the gene fusion.79,80 Of all the fusion gene–asso-
ciated overexpression, TMPRSS2:ERG fusion was found to be 
the most common. However, some rarer variants of the ETS 
superfamily were also reported, such as ETV4 and ETV5, in 
prostate cancer.81-83

Salami et al looked into the urinary TMPRSS2:ERG and 
PCA3 and correlated it with serum PSA values post DRE to 
predict prostate cancer in subsequent biopsy. TMPRSS2 is 
an androgen-responsive gene. The result showed that post 
DRE, TMPRSS2:ERG in urine was associated with prostate 

Table 1  Summary of all long noncoding RNAs and their utility

S. no. Name of the long noncoding RNA Clinical utility References

1 Prostate cancer antigen 3 (PCA3) Role in diagnosis as well as in 
prognosis

13,18,20,21

2 Second chromosome locus associated with 
prostate-1 (SChLAP1)

Role is predicting severity of 
disease and potent marker for 
disease recurrence

13,22–25

3. SPRY4 intronic transcript 1 (SPRY4-IT1) Diagnostic marker 26

4. Metastasis-associated lung adenocarcinoma 
transcript 1 (MALAT1)

Prognosis assessment 28–33

5. Transient receptor potential cation channel, 
subfamily M, member 2-antisense transcript 
(TRPM2-AS)

Prognosis assessment 34–36

6. Nuclear enriched abundant 1 (NEAT1) Disease progression and resist-
ance to androgen therapy

37–39

7. Prostate cancer gene expression marker 1 
(PCGEM1)

Disease progression 40–44

8. Prostate cancer associated transcript 1 
(PCAT) family

Disease progression and 
recurrence

46–54

9. Prostate cancer noncoding RNA-1 
(PRNCR1)

Prognostic marker 53–55

10. C-terminal binding protein 1 (CTBP1) Disease progression 56–58

11. HOX transcript antisense RNA (HOTAIR) Disease progression 60–68

12. Suppressor of cytokine signaling 2-anti-
sense transcript 1 (SOCS2-AS1)

Role in development of CRPC 69

13. POTEF-antisense transcript-1 (POTEF-AS1) Disease progression 70,71

14. Growth arrest-specific 5 (GAS5) Prospective therapeutic target 72–74

15. Focally amplified lncRNA on chromosome 
1 (FALEC)

Prognostic marker 76

16 Antisense noncoding RNA in the INK4 locus 
(ANRIL)

Diagnosis and disease pro-
gression. Gene polymorphism 
caused expression in benign 
disease

75,77,78
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cancer (odds ratio, 12.02; p = 0.001). PCA3 had the maxi-
mum sensitivity in diagnosing prostate cancer (93%), whereas 
TMPRSS2:ERG was found to have the highest specificity (87%). 
Moreover, TMPRSS2:ERG was found to be the best in differen-
tiating prostate cancer (area under the curve [AUC], 0.77 vs. 
0.65 for PCA3 and 0.72) from serum PSA taken on its own. 
Combining serum PSA, PCA3, and TMPRSS2:ERG in a combined 
stepwise manner could increase clinical utility and enhance 
cancer prediction (AUC, 0.88; specificity 90% at 80% sensi-
tivity).84 Similar work was done on in vitro and in vivo mod-
els by Tomlins et al; they also concluded that TMPRSS2:ERG 
fusion gene product increased the invasiveness of prostate 
cancer.85 Hägglöf et al demonstrated that TMPRSS2:ERG gene 
fusion product also correlated with clinical markers such as 
high-grade tumor, elevated Gleason score, presence of metas-
tasis, and presence of elevated levels of markers such as Ki67, 
pEGFR, and pAkt, which are cellular tumor makers.86 The role 
of TMPRSS2:ERG as a predictor of prognosis for prostate can-
cer has been evaluated with a lot of inconsistency in results. 
However, it is evident now that in patients treated with rad-
ical prostatectomy, TMPRSS2:ERG fusion does not impact 
patient outcome.87 Various methods can be used to detect 
TMPRSS2:ERG fusion. ERG protein overexpression in nuclei by 
immune histochemistry, which is the most commonly used 
method and is easy to perform and inexpensive.88

Conclusion
Currently, lncRNAs are one of the most analyzed entities. 
Several studies are simultaneously going on to check their role 
in various cancers, including breast cancer. There are several 
advantages and disadvantages with the use of lncRNA in the 
diagnosis and treatment of prostate cancer patients. lncRNAs 
as biomarkers can be useful if they can be easily detected in 
biological fluids. Since lncRNA is itself a functional molecule, 
its expression patterns may give clinician precise and basic 
information on tumors’ biological behavior and aggressive-
ness. This can potentially lead to the possibility of designing 
personalized strategies for a single prostate cancer patient. 
Currently, PCA3 is the main lnc that is used for diagnostic 
purpose in prostate cancer. Among the main disadvantages, 
the aggressive nature of the tumor is the result of a com-
plex process that involves, apart from lncRNA, a variety of 
other driver genes. Therefore, for more conclusive outcomes, 
uropathologists have to test and validate not a single driver 
gene, but a panel of genes. This will entail a lot of costs and 
trained manpower.46 Apart from this, there are some other 
unanswered questions, such as the stability of circulating 
lncRNA in the specimens and also regarding the alteration 
in stability due to disease condition. The potential of lncRNA 
as therapeutic targets is currently being explored. There are 
several angles that are under investigation, such as silencing 
of lnc, structural disruption, or even a functional blockade. 
However, all these studies are still in nascent stage.89 Lee et al 
have reported a urine-based assay using PCA3 for diagnosis 
of prostate cancer90 but it has not found use in the routine 
clinical practice to the best of our knowledge.

As far as gene fusion products go, there have been stud-
ies that show promise in the use of gene fusion products; 
however, the overall picture is still obscure. There are various 
methods that can be used to detect gene fusion, such as FISH, 
gene sequencing, and gene chip, which are complex proce-
dures requiring highly skilled manpower, high costs, and 
stringent sample requirement.88 This article is an attempt 
to present an overview of the potential of lncRNA and gene 
fusion products in the field of prostate cancer, and has not 
gone into too much details about each lncRNA or gene fusion 
as they are very extensive on their own. There has been 
extensive work done with the use of microRNA and their 
potential in the diagnostic and prognostic area of prostate 
cancer, but that is beyond the scope of this article.

Although prostate cancer is one of the most common 
malignancies in males, still there is no ideal marker for its 
diagnosis and for assessment of response to treatment. With 
the advancement in molecular diagnostic techniques, more 
emphasis should be laid on molecular markers as they may 
be more sensitive and specific. However, the issues of assay 
standardization, higher costs of sample processing, and 
requirement of highly trained personnel for assay perfor-
mance limit their current use.
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Introduction Surgical site infection (SSI) is the commonest preventable health 
care–associated infection among postoperative cases. Several guidelines are available 
for surgical antimicrobial prophylaxis (SAP) and other measures which prevent SSI. 
National Center for Disease Control (NCDC), India, has also provided a guideline for 
prevention of SSI in 2016. In this study we have compared the NCDC, India, guide-
line with WHO (World health organization) and American Society of Health System 
Pharmacists (ASHP) guidelines. The timing of antimicrobial agent administration is the 
only parameter which is included in all the three guidelines. As per NCDC and ASHP it 
should be within 60 minutes of incision while as per WHO it is within 120 minutes of 
incision.
Materials and Methods  This was a prospective observational study—104 patients 
undergoing surgery in general surgical ward between January 2016 and June 2017 were 
included in this study. The NCDC guideline was compared with WHO and ASHP guide-
lines. Real data comparison was done for those parameters which were included in all 
the three guidelines.
Statistical Analysis Data were analyzed using descriptive methods and chi-square test.
Results None of the patients in our study received SAP within 60 minutes of incision. 
In 70% cases it was administered within 2 hours of incision and in the remaining 30% it 
was administered after more than 2 hours. There was no significant difference in the 
incidence of SSI among these two groups.
Conclusion NCDC SAP guideline helps in rational use of antimicrobials. Increasing 
the duration for SAP may be added in the NCDC guidelines. Inclusion of certain addi-
tional parameters like weight-based doses and consideration for other comorbidities 
will help in patient- and procedure-specific SAP. Antimicrobial stewardship should be 
encouraged in all the hospitals and should follow local antimicrobial resistance pat-
tern. This will assist in therapy decision, policy making, and evidence-based treatment.
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Introduction

Surgical site infections (SSIs) are infections of the incision, 
organ, or space that occur after surgery.1 It is one of the most 
common hospital-acquired infections (HAI) which are defined 
as infections acquired during hospital care, which were 
either not present or incubating at the time of admission.2,3  
SSIs can adversely affect both the patients and the health 
care system. These adversities can be in terms of prolonged 
hospital stay, excessive cost, long-term disability, and may 
even result in fatal outcome. Antimicrobial resistance and 
increased financial cost to the health care system are addi-
tional burden. Patients who develop SSIs are up to 60% more 
likely to spend time in an intensive care unit, five times 
more likely to be readmitted to the hospital, and two times 
more likely to die as compared with the patients without 
SSI.4 Surgical antimicrobial prophylaxis (SAP) is one of the 
preoperative actions for prevention of SSI.5,6 There are var-
ious guidelines for SAP—Centers for Disease Control and 
Prevention (CDC) guidelines, American Society of Health 
System Pharmacists (ASHP) therapeutic guidelines on anti-
microbial prophylaxis in surgery, Scottish Intercollegiate 
Guideline Network (SIGN) guidelines, and National Institute 
for Health and Care Excellence (NICE) guidelines.7-10 In India, 
National Centre of Disease Control (NCDC) 2016 has provided 
guidelines for SAP.11WHO has also identified inconsistencies 
in recommendations of national guidelines and published 
its guideline in 2016.12,13Comparison of different guidelines 
showed antimicrobial prophylaxis is the only parameter 
common to all. Variation in the timing of drug administra-
tion was seen among different guidelines. Hence, the present 
study was taken up to redefine our guideline.

Materials and Methods

Study Area
The present study was conducted between January 2016 and 
June 2017 at the department of surgery and pharmacology, 
Pt. Jawahar Lal Nehru Memorial Medical College and Dr. 
Bhimrao Ambedkar Memorial Hospital, Raipur, Chhattisgarh. 
This is a tertiary care hospital with ~1,130 beds. The study 
was conducted after approval from the scientific and ethics 
committee.

Study Design
This was a prospective observational study with a two-step 
comparison to achieve the objective of comparison of SAP 
guidelines provided by NCDC, India, with the guidelines of 
ASHP and WHO. The first step involved comparison of these 
guidelines for the analysis of following parameters:

 • Choice of antimicrobial agent.
 • Optimal timing for SAP administration.
 • Number of doses (initial dosing and intraoperative dosing).
 • Duration of antimicrobial therapy.
 • Recommendations for special patient population.
 • Other preventive measures for SSI prevention.
 • Evidence-based or not.

The next step was the real data comparison for only those 
parameters which were included in all the three guidelines.

Study Population
One hundred four patients undergoing either elective or 
emergency surgery in the surgery department were included 
in this study. The selection of patients was based upon the 
inclusion and exclusion criteria. All the patients older than 
18 years who were willing to give informed consent were 
included in this study. All types of wound, that is, clean, 
clean-contaminated, contaminated, and dirty were included 
in our study. Cases were from trauma, breast, gastrointestinal, 
and genitourinary areas. Our exclusion criteria were patients 
with diabetes mellitus, immunocompromised status, prior 
symptomatic infection at the site distant to the proposed 
surgery site, antimicrobial prophylaxis for various reasons, 
known history of drug allergy, and smoking. Pregnant and 
lactating women were also excluded from this study.

Observations
►Table 1 shows the comparison of SAP guidelines. Real data 
analysis was done only for the timing of initial dose as this 
was the only parameter included in all the three guidelines, 
as evident from Table 1. None of the patients in our study 
received the dose within 60 minutes of incision. We found 
that the initial dose of antimicrobial agent was adminis-
tered within 2 hours of incision in 70% cases while in the 
remaining 30% it was after more than 2 hours of incision.  
SSI incidence rate among these two groups were compared.

►Table  2 compares the SSI incidence rate. Using chi- 
square test (likelihood ratio) p-value is 0.572, which is not 
significant.

Statistical Analysis
The data collected were analyzed by using descriptive statis-
tics and chi-square test. The observations were depicted in 
the form of tables and graphs.

Discussion
Surgical site infection has always been a challenge for health 
care system. Several strategies have been developed to reduce 
their incidence which can be dated back to use of carbolic 
acid by Lister.14 Development of evidence-based guidelines 
have helped to reduce SSI incidence rate.

National treatment guidelines for antimicrobial agent use in 
infectious diseases were published by National Centre for Disease 
Control, government of India in 2016. A syndromic approach for 
empirical therapy of common infections including surgical anti-
microbial prophylaxis has been provided in this guideline.11

In this study we have compared NCDC (India), ASHP, and 
WHO guidelines for SAP.

ASHP and WHO have provided evidence-based recom-
mendations while NCDC guideline has not mentioned these. 
Evidence gives quality and strength to the recommendations. 
In future guidelines, evidence should be incorporated which 
will strengthen the dependability of the guidelines.3,8,11
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As per ASHP and NCDC guidelines, antimicrobial agent 
should be administered within 60 minutes before incision 
while WHO has recommended it within 120 minutes before 
incision (considering the half-life of the drug). WHO has pro-
vided evidence that significant harm was seen if the drug 
was administered after 120 minutes of incision while no sig-
nificant difference was found for time intervals within 60 or 
120 minutes of incision.10-12

Table 1  Comparison of NCDC guideline with ASHP and WHO guidelines

NCDC, India, guideline ASHP guideline WHO guideline

Choice of antimicrobial agent Choice of prophylaxis based 
on procedure and local 
antibiogram

Surgical procedure specific Not mentioned

Timing of initial dose Within 60 minutes before 
incision

Within 60 minutes before 
incision

Within 120 minutes before 
incision

Dosing and intraoperative 
dosing

Single dose, intraoperative 
dose based on procedure 
duration and agent used for 
prophylaxis

Single dose, weight-based 
dosing
Intraoperative dose if dura-
tion of surgery exceeds two 
half-lives of drug

Not mentioned

Duration Should not be given beyond 
surgery duration except in 
cardiothoracic surgery

Single dose or continuation 
for less than 24 hours

Not mentioned

Special patient population Not mentioned For pediatric patients, 
patients with hepatic and 
renal dysfunction, patients 
with prosthesis, patients with 
β-lactam allergy

Not mentioned

Other preoperative measures 
to reduce SSI

Has not been provided Has been provided Has been provided

Evidence based No Yes Yes
Abbreviations: ASHP, American Society of Health System Pharmacists; NCDC, National Center for Disease Control; SSI, Surgical site infection; WHO, 
World Health Organization.

Table 2  Distribution of incidence of SSI based on timing of 
SAP

Timing of antimicrobial 
agent administration

SSI

Yes No

Within 2 hours of incision 13 60

>2 hours of incision 7 24

Abbreviations: SSI, surgical site infection; surgical antimicrobial 
prophylaxis.

Fig. 1 Distribution of patients based on surgical antimicrobial prophylaxis (SAP) timing.
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In this study, antimicrobial agent was administered 
within 120 minutes before incision in 70% cases while none 
of the cases received it within 60 minutes before incision. 
Another study has also reported nonadherence of timing 
for antimicrobial agent administration.15 Further, in con-
trast to WHO finding, no significant difference in incidence 
rate of SSI was found in this study between the two groups 
of “within 120 minutes” and “more than 120 minutes.” 
This could be due to small sample size and type of wound 
(number of clean wounds were higher in the more than 
120 minutes group). Based on WHO study, NCDC guidelines 
can also increase the drug administration time to within 
120 minutes of incision as no significant increase in SSI was 
observed with this. This change will improve the rate of 
adherence with the NCDC guideline as there is shortage of 
health care workers in our country.

At present WHO has not provided recommendation about 
choice, dose, intraoperative dose, and type of surgery requir-
ing SAP. Separate guidelines will be published by WHO in 
future.13 ASHP has provided evidence-based guideline for all 
these parameters.5

As per ASHP, dosing of antimicrobial agent should be 
based on body weight. This helps in dosing for obese and 
pediatric patients. Obesity itself is one of the risk factors 
for SSI as it interferes with the pharmacokinetic of the 
drug. They have also provided recommendation for selec-
tion of antimicrobial agent and their alternatives based on 
surgical procedures such as alternative in β-lactam allergic 
patients.5 NCDC guideline recommends fixed doses, irrespec-
tive of body weight. Also, alternatives have not been provid-
ed.11There should be national-level surveillance to find out 
the resistance pattern in different parts of our country. This 
will work toward prescribing the most efficacious drug and 
will reduce failure.

Adequate serum drug concentration should be main-
tained throughout the whole procedure including at time 
of wound closure which may not be so, in case of prolonged 
surgeries.16To overcome this ASHP recommends intraoper-
ative dosing if duration of surgery exceeds more than two 
half-lives of the drug or if there is excessive blood loss. They 
have recommended dosing interval for drugs based on their 
half-lives. NCDC also recommends intraoperative dosing for 
prolonged surgery; however, the cutoff point to define the 
prolonged period is not mentioned, resulting in lack of uni-
formity among prescribers. There should be clarification on 
duration of prolong surgery in our guideline.

In patients with indwelling drain or intravascular catheter 
a single dose of surgical antimicrobial prophylaxis or continu-
ation of SAP for less than 24 hours is recommended by ASHP.8  
WHO also advocates against the prolongation of SAP after 
completion of the operation.12 NCDC too recommends that it 
should not be used beyond the completion of surgical pro-
cedure (except for cardiothoracic surgery where 48 hours is 
permissible); however, there is no clarification for usage in 
patients with catheter and drain.11

ASHP has provided guidance for special patient popula-
tion like patients with hepatic and renal impairment, and 

pediatric and obese patients. They mention that the dose 
need not be modified when given as a single dose in patients 
with hepatic and renal impairment. Weight-based dosing 
has been done to address pediatric and obese patients. They 
have also recommended use of vancomycin and mupirocin in 
patients colonized with MRSA.11 Studies have shown that 60% 
microorganism isolated from SSI wound show multidrug 
resistance pattern.11These data point toward the need of 
addressing MRSA colonization. NCDC has not endorsed this 
population.

One of the most important questions is who requires 
SAP? Should it be given to everyone undergoing surgical 
procedures? NCDC has generalized its recommendations for 
all the patients.11 ASHP narrows it down to the procedures 
associated with high rate of infection (clean-contaminated 
and contaminated procedures) and some clean procedures 
which are associated with severe consequences of infection.8  
Use of antimicrobial agent in dirty wound is considered as 
treatment rather than prophylaxis and it should be contin-
ued after the procedure.10 This will reduce indiscriminate use 
of antimicrobial agent.

Although SAP plays an important role in reducing the rate 
of SSI, there are several other factors which play role in the 
development of SSI. Other preoperative pharmacological rec-
ommendations by ASHP and WHO which are not specified by 
NCDC, are as follows8,11,12

 • Preoperative bathing with plain or antimicrobial soap.
 • Decolonization with mupirocin ointment for prevention 

of Staphylococcus aureus infection in nasal carriers.
 • An alcohol-based antiseptic solution containing chlor-

hexidine gluconate should be preferred for surgical site 
preparation.

 • Antimicrobial sealants should not be used after surgical 
site skin preparation.

As a holistic approach, all these factors should be addres-
sed to complement SAP for a more effective prevention of 
surgical site infection. Also, antimicrobial stewardship inter-
vention improves appropriateness of SAP.17,18

Conclusion
NCDC (India) has provided a guideline for SAP, which will 
promote the rational use of antimicrobial agent, leading to 
effective cure of infection as well as decrease in preventable 
SSIs. Addition of certain more parameters like weight-based 
dosing, consideration for catheters and drains, clarification 
on duration of prolonged surgery, addressing MRSA coloni-
zation, and specifying the choice of antimicrobial agent and 
its duration depending on the type of wound (procedure 
specific) with evidence will help in formulating an inclusive 
guideline so as to guide the surgeons in the selection of safe 
and effective antimicrobial agents. Further, continuous mon-
itoring of the hospitals should be done to find out the rate of 
adherence to the guideline and the reason of nonadherence 
which will help in necessary amendments in the guideline so 
that it can be implemented completely and efficiently.
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Objectives The aim of the present study was to assess the anxiety level in patients 
with orofacial pain and to compare it with patients without any orofacial pain.
Materials and Methods The survey-based study was conducted that included a total 
of 100 patients who were divided into two groups: 50 patients with orofacial pain 
and 50 patients without pain. Questionnaire in a local language, that is, Marathi, was 
formulated based on Modified Dental Anxiety Scale (MDAS) and Hospital Anxiety and 
Depression Scale (HADS). Data was then subsequently collected and evaluated accord-
ing to the score of MDAS and HADS.
Results A total of 78 patients were evaluated according to the questionnaire sur-
vey. Highly significant correlation was found between anxiety level and pain present in 
patient on the MDAS-anxiety level scale(p = 0.001). Also, a significant correlation was 
observed between anxiety level and pain present in patient on the HADS-anxiety level 
(p = 0.007). A significant correlation was found between gender and pain anxiety level 
in patients on the MDAS-anxiety level (p = 0.009).
Conclusion Anxiety level in patients with orofacial pain can be assessed with MDAS 
and HADS. Specific types of anxiety-related concerns definitely occur at higher levels 
in orofacial pain patients in comparison to patients without pain. Greater attention 
needs to be employed on understanding of anxiety level in orofacial pain patients. 
This is detrimental in acceptance of treatment by patient and ultimately affects out-
come. Anxiety level assessment helps in better understanding of apprehension among 
the patients with orofacial pain, and enables better delivery of appropriate care and 
intervention.
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Introduction
The decision of delivering different treatment options avail-
able to a particular patient depends upon several factors. In 
particular, it depends on the willingness of the patient to 
receive a treatment, patient’s psychological status, and men-
tal well-being along with cooperation showed by the patient. 
Various factors are not only responsible for a successful 

outcome of treatment but also affect long-term prognosis 
of the treatment delivered. Hence, the whole mental status 
of the patient needs to be taken into consideration before 
the start of any dental treatment. This mainly comes under 
the behavioral sciences and study.1 Furthermore, it has to 
be taken into consideration and admitted that the dental 
treatments and the whole clinical atmosphere do bring out 
certain level of anxiety and fear among the patients. Anxiety 
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and fear among patients visiting the dental clinic with oro-
facial pain can be the reasons for the patients to ignore and 
neglect the necessary dental treatments.2 Some patients find 
dental treatment simply bothersome, while others find it 
unbearable to the degree of developing specific dental pho-
bias. Several studies have been performed in the past on the 
anxiety and fear in dental clinics.2 Further, since the 19th 
century, research on the relationship of anxiety with vari-
ous environmental factors has been a topic of attention. It 
has been observed that various factors like age, gender, inva-
sive treatments, sharp instruments, presence of carious teeth 
with pain, red hair individuals,2 people with no history of 
dental treatment, and genetic variations have been alleged 
to be associated with the development of anxiety and fear 
for dental treatments, and thereby leading to ignorance and 
circumvention of the necessary treatments.3 It is now under-
stood that anxiety levels will tend to overestimate the possi-
ble pain events during any invasive procedures.4

In oral health studies, it is estimated that the presence of 
anxiety is one of the main reasons for poor oral health status 
of an individual. Also, dental anxiety and fear are said to be 
common, and their prevalence is ~10%.5 Hence, it is impera-
tive for the dentists to evaluate and assess the various causes 
for dental fear among the patients, and modify or work 
toward the betterment of the treatment delivered according 
to the patient’s anxiety levels.6,7 It is very important to assess 
the anxiety level in patients as it will help to structure the 
necessary treatment modifications.8 The caregiver can eval-
uate anxiety of a patient by taking history and performing 
physical examination, subjecting patients to medical history 
questionnaire, and through art of observation.

Several self-evaluation questionnaire survey or scoring 
system are used to assess the anxiety levels among dental 
patients.9 Few of the commonly used scales are the den-
tal anxiety scale (DAS), the Modified Dental anxiety scale 
(MDAS), Fear Survey Schedule II (FSS-II), Geer Fear Scale, 
State-Trait Anxiety Inventory, Mood Adjective Check List, 
Health Locus Scale, Hospital Anxiety and Depression Scale 
(HADS), and dental fear survey (DFS).10,11 In the present study, 
we aimed to evaluate the anxiety and fear scores in patients 
with pain and without pain in dental set up. This also empha-
sizes on better treatment delivery options for the benefits of 
the patients and for optimum oral health of the patients.

Materials and Methods
An analytical study was designed on 100 patients who were 
referred for some kind of dental treatment. The study was 
conducted in MGV’s KBH dental college, Nashik, after obtain-
ing approval from Institutional Ethics Committee. Informed 
written consent was taken from the participants prior to the 
start of the study.

The inclusion criteria were presence of orofacial pain in 
dental setup.

The exclusion criteria were non-cooperative patients, 
psychiatric patients, and patients not willing to fill the ques-
tionnaire. Thus, we included 50 patients with the presence of 
orofacial pain and 50 patients without orofacial pain.

The present study undertook two anxiety evaluation 
scales, namely the MDAS and the HADS. Questionnaire was 
formulated based on MDAS and HADS and translated in local 
language. Fifty patients with pain, and 50 patients without 
pain were given the questionnaire for assessment of anxiety 
and fear scores.

In 1995, Humphris et al introduced MDAS, a modified ver-
sion of the Corah Dental Anxiety Scale, by adding a new item. 
It consisted of five items, self-report to measure dental anxi-
ety. A new item that he considered was very essential to have 
was local anesthesia.10 The MDAS is internally consistent 
with Cronbach coefficient (α) of 0.93, and has good reliability 
with intraclass correlation coefficient of 0.93.12

The MDAS consisted of five multiple-choice items dealing 
with the patient’s subjective reaction about going to the den-
tist’s office, waiting in the dentist’s office for the procedure, 
anticipating drilling, scaling, and local anesthetic injection 
in gums. Points are assigned to each subject choice, which 
ranged from one point (not anxious) to five points (extremely 
anxious). Total scores ranged between 5 and 25. A patient 
with a score of 19 and above was considered as extremely 
anxious individual. The questions of MDAS were translated 
in local language that patients can understand (i.e., Marathi) 
are as follows:

1. If you have to go to the dentist tomorrow how would you 
feel about it?

2. When you are waiting in the dentist’s office for your turn 
in the chair, how do you feel?

3. When you are waiting in dentist’s chair waiting while the 
dentist gets the drill ready to begin working on your teeth, 
how do you feel?

4. Imagine you are in the dentist’s chair to have your teeth 
cleaned. While you are waiting and the dentist or hygien-
ist is getting out instruments which will be used to scrape 
your teeth around the gums, how do you feel?

5. If you were about to have local anesthetic injection in 
gums, how would you feel?

The HADS was developed by Zigmond and Snaith 
in 1983.8 The HADS is a self-report rating scale of 14 items on 
a 4-point Likert scale (range 0–3). It is designed to measure 
anxiety and depression (7 items for each subscale). The total 
score is the sum of the 14 items, and for each subscale, the 
score is the sum of the respective seven items (ranging from 
0 to 21).8 The HADS with anxiety and depression subscales is 
internally consistent, with values of Cronbach's coefficient (α) 
being 0.80 and 0.76, for anxiety and depression, respectively. 
The reliability for the same is 0.92 for HADS anxiety scale, 
and 0.88 for HADS depression scale.13 The HADS included 
responses for the following questions that were translated 
in local language that patients can understand (i.e., Marathi):

1. I feel tensed or “wound up.”
2. I still enjoy the things I used to enjoy.
3. I get a sort of frightening feeling as if something awful is 

about to happen.
4.  I can laugh and see the funny side of things.
5.  Worrying thoughts go through my mind.
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6.  I feel cheerful.
7.  I can sit at ease and feel relaxed.
8.  I feel as if I am slowed down.
9.  I get a sort of frightened feeling like “butterflies” in the 

stomach.
10. I have interest in my appearance.
11. I feel restless as I have to be on the move.
12. I look forward with enjoyment to things.
13. I get sudden feelings of panic.
14. I can enjoy a good book or radio or TV program.

After all the responses were filled by the patient, the 
forms were collected. Incomplete forms were excluded and 
considered as dropouts.

Statistical Analysis
All the data was collected and appropriate statistical test was 
applied for analysis. After collection of all the questionnaires, 
the data was segregated, tabulated, and analyzed using SPSS 
software version15. Results subjected to statistical analysis 
using descriptive statistics were applied to all variables in the 
study. Chi-squared test was performed to evaluate the associ-
ation between anxiety level and pain present in a patient on 
MDAS-anxiety level and HADS-anxiety level. For all the tests, 
the level of significance was considered at p < 0.05.

Results
A total of 78 patients were evaluated, and 22 were considered 
as dropouts. Out of these patients, 42 were male and 36 were 
female. Pain was present in 58% of the patients, and absent 
in 42% patients among both the groups (►Table 1).

The mean and standard deviation of MDAS scores 
were 10.53 and 4.150, respectively, in patients without 
pain. The mean and standard deviation of MDAS scores 
were 18.62 and 2.74, respectively, in patients with pain. 

According to this, the anxiety level in patients with pain was 
greater than in patients without pain on MDAS (►Table 2).

The mean and standard deviation of HADS scores for anxi-
ety were 2.69 and 1.95, respectively, in patients without pain, 
and the mean and standard deviation of HADS scores for anx-
iety were 6.71 and 1.88, respectively, in patients with pain 
(►Table 3).

The mean and standard deviation of HADS scores for 
depression were 3.23 and 2.209, respectively, in patients 

without pain, and the mean and standard deviation of HADS 
scores for depression were 4.09 and 1.676, respectively, in 
patients with pain in case of depression scores. The anxiety 
and depression level in patients with pain was greater than in 
patients without pain on MDAS. A significant correlation was 
found between the anxiety level and pain present in patients 
on MDAS (p = 0.001; ►Fig.  1A). A significant correlation 
was observed between the anxiety level and pain present in 
patients on HADS-anxiety level (p = 0.007; ►Fig. 1B). A sig-
nificant correlation was found between gender and pain anx-
iety level in patients on MDAS-anxiety level (p = 0.009). The 
anxiety level score on MDAS was higher in female patients 
with pain compared with that of in male patients (►Fig. 2).

Discussion
It has been observed in the present study that anxiety level 
is related to orofacial pain in the studied patients. MDAS is 
more significant than HADS in assessing anxiety. Anxiety 
level was observed to be related to gender in the studied 
population. Further, no significant correlation was found 
between age and the level of anxiety on both the scales in the 
studied population. An earlier study has shown that women 
frequently have higher levels of dental anxiety as compared 
with men.9 Highly anxious dental patients seem to have 
experienced reality to be even worse than they expected.

According to the study conducted by Doerr et al,5 the 
prevalence of dental anxiety was 10% and regression analy-
sis revealed six factors to be associated with dental anxiety: 
unfavorable attitudes toward dentists, infrequent checkups, 
dissatisfaction with one’s mouth, small numbers of filled sur-
faces, being female, and lower income.5

Knowledge of a patient’s anxiety before treatment can be 
an aid to the dentist in two ways. First, he/she can become 
aware of what to expect from the patient, and he/she can 
take appropriate measures to help alleviate the anxiety of the 

Table  1  Mean and standard deviation of anxiety scores in the 
MDAS in both the groups

MDAS-mean MDAS-standard 
deviation

Patients without pain 10.53 4.150

Patients with pain 18.62 2.74

Abbreviation: MDAS, Modified Dental Anxiety Scale.

Table  2  Mean and standard deviation of anxiety scores in the 
HADS in both the groups for anxiety

HADS-mean 
(anxiety)

HADS-standard 
deviation
(anxiety)

Patients without 
pain

2.69 1.95

Patients with pain 6.71 1.88

Abbreviation: HDAS, Hospital Anxiety and Depression Scale.

Table  3  Mean and standard deviation in depression scores in 
the HADS in both the groups for depression

HADS-mean
(depression)

HADS-standard 
deviation
(depression)

Patients without pain 3.23 2.209

Patients with pain 4.09 1.676

Abbreviation: HDAS, Hospital Anxiety and Depression Scale.
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patient.14 Research on dental anxiety has been an important 
topic for several decades.15 It has been stated that anxiety 
and fear have a considerable impact on utilization of dental 
services. van Wijk and Hoogstraten reported that anxious 
people tend to overestimate pain.4 Anxious individuals have 
also been previously reported to avoid dental care as much 
as they can.3

In the present study, the anxiety levels were compared 
between orofacial pain patients and patients without pain. 
A similar study was performed by McNeil et al who used the 
fear of pain questionnaire III to evaluate fear levels in patients 
with pain as compared with the controls. The study reported 
that in patients with pain, the fear for dental treatment was 
greater as compared with control patients.16

Few studies have reported the correlation of temporo-
mandibular joint disorder pain with increased anxiety levels 
in patients.17,18The relationship between anxiety and chronic 
orofacial pain of temporomandibular disorder in a group of 
university students was studied by Monteiro et al.17 In this 
study, it was concluded that chronic orofacial pain of tem-
poromandibular joint disorders could be present in univer-
sity students and anxiety may be related to it. However, no 

significant correlation was found to state-anxiety levels and 
chronic orofacial pain degrees.17

Our results are in line with the findings reported by 
Klages et al which demonstrated that subjects, in general, 
expect more pain than they experience, and that this effect is 
stronger in a group with higher dental anxiety scores.19 Since 
dental pain can induce anxiety, and anxiety leads to overesti-
mation of orofacial pain, it is assumed that an overestimation 
of either the pain, or the fear of it, is particularly present in a 
group with subjects scoring high on dental anxiety, such as 
highly anxious dental patients.19

However, another study of adults aged 50 years and older 
found no difference in dental anxiety according to sex, but it 
reported that elder patients had less anxiety and fear levels 
as compared with the group of patients with younger pop-
ulation.20 Further, as reported by McCracken et al, elevated 
levels of anxiety about pain contribute to disability and inter-
ference with life activities and functioning, it may be import-
ant for clinicians to intervene to reduce anxiety-related 
distress in these patients.21 People who are predisposed to 
respond fearfully to pain are at an increased risk of ending 
up in a vicious circle of anxiety, fear of pain, and avoidance 
of dental treatment.21 Moore et al studied the contribution of 
embarrassment to phobic dental anxiety and reported that 
embarrassment is a complex dental anxiety manifestation 
with qualitativedifferences.22

Scope of the Study
The present study was a cross-sectional survey. The relation-
ship between anxiety and dental fear is a complex correlation 
and may differ from person to person. Hence, more research 
needs to be performed in this field considering behavioral sci-
ence. Research in the evaluation of patients will help caregiv-
ers to find out various behavior management modifications 
for better implementation of dental treatments specially to 

Fig. 1 (A) Correlation found between anxiety level and pain present in patient on Modified Dental Anxiety Scale (MDAS). (B) Correlation found 
between anxiety level and pain present in patient on Hospital Anxiety and Depression Scale (HADS)-anxiety level.

Fig. 2 Correlation found between gender and pain anxiety level in 
patient on Modified Dental Anxiety Scale (MDAS)-anxiety level.
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the more scared or anxious patients. This will not just help in 
self-evaluation but will also help to reduce dental negligence. 
It would also help in delivering the different treatments in a 
more convenient and efficient way. Ultimately, it will lead to 
the betterment of general health and good oral health of the 
patient.

Conclusion
Anxiety level in patient can be assessed significantly with 
MDAS and HADS. Particular types of anxiety-related concerns 
do indeed occur at higher levels in orofacial pain patients 
in comparison to patients without pain. Greater attention 
should be placed on understanding anxiety in orofacial pain 
patients. All must admit the fact that dental treatment is in 
fact considered as dental treatment by most of the patients. 
The use of noisy drills, noisy suction, sharp instruments, 
third molar surgeries, and injections are some of the com-
mon reasons that can induce fear among anxious patients. 
All these factors bring in the dental fear, dental anxiety, or 
dental phobia among many people. This will indirectly ham-
per the effective treatment as apprehensive patients do not 
let the dentist perform adequate implementation of their 
work. Hence, it becomes very necessary to first evaluate the 
patients state of mind in case of anxiety and fear. Accordingly, 
several measures can be implemented for the required work 
atmosphere and to reduce anxiety level among patient. From 
the present study, we can conclude that MDAS and HADS can 
be effectively used in the evaluation of patient’s fear and anx-
iety levels and should be used to assess anxious patient with 
orofacial pain.
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Mild encephalitis/encephalopathy with reversible splenial lesion (MERS) is a  
clinicoradiological entity characterized by mild encephalopathy with typical radiolog-
ical findings. We report a case of 10-year-old male child who presented with abnor-
mal body movements and altered consciousness. MRI revealed typical Middle Eastern 
respiratory syndrome (MERS) type II lesions. On follow-up, although patient improved 
clinically with reversal of MERS type II lesions; however, multiple punctuate blooming 
foci, suggesting microhemorrhages, were seen on imaging in bilateral cerebral hemi-
spheres. This has not been documented yet and signifies a new spectrum of MERS.
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Introduction
Mild encephalitis/encephalopathy with reversible sple-
nial lesion is an acute encephalopathy with character-
istic radiological findings.1 The typical form of mild 
encephalitis/encephalopathy with a reversible splenial lesion 
called Middle Eastern respiratory syndrome (MERS) type I is 
characterized by an isolated reversible lesion in the splenium 
of corpus callosum, while MERS type II refers to additional 
lesions that can occur in the rest of the corpus callosum and 
supratentorial white matter areas.2,3 Children and young 
adults are mainly affected, with favorable outcome leading 
to complete or nearly complete neurological and radiological 
resolution within days or weeks.4

Case Report
A 10-year-old male child presented in our hospital with 
abnormal body movements in the form of tonic clonic move-
ments of both upper and lower limbs for the past 1 hour, 
associated with two episodes of vomiting and respiratory 
difficulty. Abnormal body movement episode was asso-
ciated with uprolling of eyeballs and frothing from mouth.  

No history of fever, upper respiratory tract infection, and 
trauma was present. Family history was not relevant. 
Development history was normal, and patient had been 
immunized to date. There was no history of recent travel and 
no past history of hospitalization. On admission, patient was 
afebrile, with pulse 78/min, blood pressure 102/60 mm of 
Hg, and SPO2 86%. On further physical examination, pupils 
were dilated and not reacting to light, his Glasgow coma scale 
(GCS) was E1VtM1 (no eye opening, intubated, no motor 
response) with no focal neurological signs or neck stiffness. 
Other systemic examinations were normal. Laboratory inves-
tigations revealed mildly elevated C-reactive protein (CRP) 
level (6.3 mg/dl) and erythrocyte sedimentation rate (ESR) of 
22 mm/hr with normal leukocyte count (9120 /mm3). Urine 
routine and microscopic examinations were normal with 
no growth of microorganisms on culture sensitivity. Serum 
electrolytes were normal during the course of treatment. 
Possibility of status epilepticus with respiratory failure, 
leading to hypoxic ischemic encephalopathy (HIE), was kept 
in mind. Management was started with mechanical venti-
lation, antibiotics, and loading doses of phenytoin. Lumbar 
puncture was done, which showed normal biochemical and 
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microbiological analyses. Patient underwent MRI on day 
8 of admission. MRI T2-weighted (T2W) and fluid attenuated 
inversion recovery (FLAIR) images showed hyperintensity 
in the splenium of corpus callosum with bilaterally sym-
metrical hyperintensity in centrum semiovale (►Fig. 1A-C). 
Diffusion-weighted Imaging (DWI) showed restriction in the 

involved regions (►Fig. 1D-E) without postcontrast enhance-
ment or blooming on gradient echo (GRE) imaging, sugges-
tive of type II MERS lesions. He was then empirically treated 
for encephalitis and improved after 40 days. A follow-up MRI 
scan 2 months later showed mostly resolved splenial and 
centrum semiovale lesions (►Fig. 2A-D); however, multiple 
punctate blooming foci were seen in white matter of bilateral 
cerebral hemispheres on GRE imaging, suggesting microhe-
morrhages (►Fig. 3A-B).

Discussion
MERS is a clinicoradiological entity characterized by mild 
encephalopathy with typical radiological findings.1 The 
typical form of mild encephalitis with a reversible splenial 
lesion, also called MERS type I, is characterized by an isolated 
reversible lesion in the splenium of corpus callosum, while 
MERS type II refers to additional lesions that can occur in the 
rest of the corpus callosum and supratentorial white matter 
areas.2,3 The exact pathophysiology of this syndrome remains 
unknown; however, bacterial or viral infections remain the 
most common cause of reversible splenial lesions. Other 
conditions such as seizures, antiepileptic drug therapy or 
withdrawal, malnutrition, high-altitude edema, eclampsia, 
and metabolic disturbances have also been suggested as 
causes.4-6 Presenting neurologic symptoms of MERS generally 
include altered consciousness, seizures, drowsiness, head-
ache, abnormal speech, visual hallucinations, and ataxia.3,5-7

In addition to MERS, various other congenital to acquired 
diseases can involve splenium of corpus callosum, includ-
ing congenital anomalies, ischemic changes, toxic/metabolic 
diseases, tumors, and demyelinating disorders. Clinical pre-
sentation and signs of these conditions are variable and can 
be differentiated from MERS with the help of imaging. The 
most common differential diagnoses include acute dissem-
inated encephalomyelitis (ADEM), multiple sclerosis (MS), 
posterior reversible encephalopathy syndrome (PRES), and 
diffuse axonal injury, extrapontine myelinolysis.3-7 ADEM 
is a postinfectious inflammatory demyelinating disorder 
which should be considered in any patient presenting with 
mild acute encephalitis/encephalopathy. ADEM however 

Fig. 1 Axial T2-weighted (A, C) and fluid-attenuated inversion 
recovery (FLAIR) (B) MRI shows subtle hyperintense area in the sple-
nium of corpus callosum (arrow) and centrum semiovale (arrows). 
Diffusion-weighted imaging (DWI) (D, E) shows restriction in the cor-
responding regions, that is, splenium of corpus callosum and bilat-
eral centrum semiovale.

Fig. 2 Axial fluid-attenuated inversion recovery (FLAIR) (A), sagittal 
T2 and axial diffusion-weighted imaging (DWI) (C, D) shows resolu-
tion of the lesion, seen in the splenium of corpus callosum and cen-
trum semiovale on follow-up after 2 months.

Fig. 3 Gradient echo (GRE) imaging (A, B) shows multiple punctate 
blooming foci in bilateral cerebral hemispheres on follow-up scan 
after 2 months, suggestive of microhemorrhages.
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has monophasic course with clinical recovery over weeks 
to months. On MRI, it shows multiple bilateral asymmetri-
cal subcortical white matter lesions, which are hyperintense 
on T2/FLAIR images and may show enhancement.3-5 MS also 
show white matter lesions but in typical locations, that is, 
periventricular, juxtacortical, infratentorial and in spinal 
cord with callososeptal interface involvement of corpus cal-
losum. PRES is a hypertension-related condition which show 
T2/FLAIR hyperintensities involving the subcortical white 
matter of the parieto-occipital lobes with isointense signal 
on DWI. Diffuse axonal injury is a traumatic brain injury with 
typical involvement of gray-white matter junction, corpus 
callosum, and brainstem, depending on the severity. MRI is 
the investigation of choice in suspected patients, which show 
small regions of susceptibility artifacts in typical aforemen-
tioned locations on gradient sequences. Extrapontine myeli-
nolysis is an osmotic demyelination syndrome, which occur 
secondary to rapid correction of hyponatremia. It can involve 
basal ganglia, ventrolateral thalami, internal capsular region, 
splenium, and subcortical white matter.6,7

Our patient presented with seizure and altered conscious-
ness. MRI findings we reported are almost similar to those 
reported earlier.1,4-7 The lesions typically show hyperintensity 
on T2W and FLAIR images, isointensity to slight hypointen-
sity on T1-weighted imaging, and show restricted diffu-
sion on DWI without contrast enhancement. Our patient, 
although improved, showed slow recovery with follow-up 
MRI showing blooming punctate foci, suggesting microhem-
orrhages. This has not been reported earlier, thus adding a 
new spectrum to the already described MERS.

Conclusion
MERS is an acute encephalopathy with characteristic imag-
ing findings. The typical radiological lesions are reversible 
with complete clinical recovery in days or weeks. Our patient, 
although clinically improved, showed slow recovery with a 
new imaging spectrum that has not been reported earlier.

Note
Consent was obtained from relatives of the patient for 
publication of this report and any accompanying images.
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Medical profession has proved its versatility in the adoption of many strategies to 
deal with the impact of COVID-19. All India Institute of Medical Sciences (AIIMS), New 
Delhi, India is a large public funded medical school and general hospital in North India. 
Psychiatry department is one of the 42 departments at AIIMS. COVID-19 has impacted 
all the functions of the department: clinical care, teaching and training, research 
and other roles. In this communication, we report the strategies, simple yet effec-
tive improvisations to meet the challenges of COVID-19 so as to continue the basic 
functions of the discipline. This could serve as a model for continued functioning of a 
tertiary care teaching medical facility in a pandemic situation.
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Introduction
The COVID-19 pandemic is an extraordinary event in the 
history of health care systems and has shaken up the very 
foundation on which these systems operate. However, the 
medical profession has proved its versatility in the adoption 
of many strategies to deal with its impact. In India, an almost 
complete nationwide lockdown was imposed on March 24, 
2020, which remained till May 31, 2020, and it impacted 
every facet of life.1

The All India Institute of Medical Sciences (AIIMS), New 
Delhi, India, is a large, public-funded medical school and gen-
eral hospital in North India. The Department of Psychiatry 
is one of the 42 departments at AIIMS.2 The lockdown for 
dealing with COVID-19 impacted its functions: clinical care, 
teaching and training, and research. The outpatient services 
were closed on March 25, 2020.

In this communication, we report the simple yet effective 
improvisations to meet the challenges of COVID-19 so as to 

continue the basic functions of the psychiatry discipline in 
the beginning and during the lockdown period when there 
was lot of uncertainty. In India, there are 542 medical col-
leges teaching MBBS3 and presence of psychiatry depart-
ment is mandatory in all the medical colleges.4 The mode of 
strategies used by us could serve as a model for continued 
functioning in a tertiary-care teaching medical facility in a 
pandemic situation.

Clinical Services
The Department of Psychiatry runs daily outpatient services, 
seven specialty clinics, community services at two centers, 
consultation-liaison (CL) services, and emergency care inte-
grated with hospital emergency services. Annually, on aver-
age, it provides services to about 80,000 persons in outpatient 
and 10,000 persons in community clinics, 1,200 persons in 
CL services, and 1,000 persons in the main hospital emer-
gency. Every year, about 300 inpatients are admitted in the 
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psychiatry ward (a 32-bedded facility).2 COVID-19 impacted 
all the clinical services. To continue clinical care, the follow-
ing steps were taken.

Outpatient Services: These services were closed on 
March 25, 2020. In sync with the Ministry of Health and Family 
Welfare Telemedicine Practice Guidelines,5 telepsychiatry 
services were started on March 31, 2020, with the help of 
the institute’s computer facility, for patients already enrolled. 
Mobile phones with internet facility were used and audio 
call, WhatsApp, and general text messaging functions were 
used. Two senior residents (Post MD) and two junior resi-
dents (MD trainees) under the supervision of three faculty 
(Post MD of more than 3 years) provided telepsychiatry ser-
vices. Till May 31, 2020, about 2,500 persons were provided 
consultation by teleconsultation team.

Inpatient Services: The psychiatry ward, located in the 
main building of the hospital, was declared non-COVID area. 
Out of 32 beds, 24 beds were reserved for surgical trauma 
emergency as the hospital’s trauma center was converted to 
COVID hospital. All categories of health care personnel (HCP) 
underwent training and sensitization sessions, arranged by 
the hospital administration department. Discharge of stable 
patients was expedited; group activities were suspended and 
routine admissions were stopped. Only psychiatric patients 
with emergency problems were admitted. Psychiatry ward 
is an open ward with shared washrooms and spaces, and 
patients are admitted with family members. In a functional 
isolation room with attached bathroom, every new psychiat-
ric admission was kept for the first 5 days. All ward surfaces 
were cleaned at regular periods with 1% sodium hypochlorite, 
every 2 to 4 hours. All patients, attendants, staff, and visitors 
were checked using COVID-19 symptom checklist daily; they 
were asked to wear masks and practice hand hygiene. For 
contact tracing in event of a positive case, a list of all the staff 
and personnel working at the ward was made. All inhabitants 
of the ward were advised not to have meals or coffee/tea 
together. The set of guidelines on the use of personal pro-
tection equipment (PPE) for HCP was continually updated as 
per national and international recommendations. Initially, 
triple-layer mask was recommended that was upgraded to 
N95 mask. Later, all of the HCP wore level I PPE (N95 mask, 
gown, gloves, and eye goggles). Donning and doffing areas 
were identified and prepared as per the protocol. All relevant 
information was displayed on the posters. Till May 31, 2020, 
the ward operated at the allocated capacity (6 beds) and a 
total of 14 patients were admitted.

Emergency services: A junior and a senior resident under 
the supervision of faculty regularly attended the psychiat-
ric emergencies reporting in the main hospital casualty. To 
minimize the risk of COVID-19, in-person consultations were 
minimized. Usually, a phone call with physician on call in 
emergency asking for detailed history and other information 
and talking with patient sufficed. Instructions were given for 
referral to other departments, investigations, or admission. 
Sometimes, video call through WhatsApp was also used to 
examine the patient. If there was a need for in-person con-
sultation, PPE was used with donning and doffing done in 
the designated area in the emergency. If there was suspicion 

of COVID-19, opinion from the infectious diseases team was 
also sought. Till May 31, 2020, 150 persons were seen in 
emergency services.

CL services: The CL psychiatry team received regular calls 
from other departments of hospital. The strategies used were 
same as for emergency services. These were, in order of use, 
phone, video, and in-person consultation, depending on the 
need and available resources.

Psychiatric care in COVID areas of the hospital: 50% of res-
idents and 15% of faculty were posted for general medical 
duty in the COVID areas of the hospital. They also provided 
psychiatric consultation to persons needing consultation in 
these areas.

Teaching and Training
The academic activities in the department include teaching 
and training medical and nursing undergraduates, postgrad-
uates in psychiatry, postgraduates from other departments 
on clinical rotation in psychiatry, and PhD scholars in clinical 
psychology. Theory lectures were shifted to a central online 
platform called Student Advanced Resources and Learning 
(SARAL) platform,6 designed and run by the institute’s com-
puter facility. Clinical postings were also shifted to online 
mode. For the postgraduates, there are weekly seminars, jour-
nal club, case conference, thesis protocol, and midterm thesis 
presentations. For the rest, initially the academics were hosted 
on campus SET (Skills, e-Learning, Telemedicine) facility. Due 
to the risks associated with in-person instruction at SET facil-
ity, academic teaching was shifted to online platforms. Within 
2 weeks, on April 11, 2020, the first academic program was 
started. Since then, the department has conducted all the 
programs regularly with good attendance and participation. 
For postgraduates, theory and practical examinations take 
place twice a year—May and December. The postgraduate 
examinations were conducted in June 2020 as they were to 
end their term of 3 years in June. Theory papers were con-
ducted in the institute’s examination section with social dis-
tancing and in two time slots (9 a.m.–12 p.m. and 2–5 p.m.). 
Scanned copies of theory papers were sent to the examiners. 
The practical exam was conducted maintaining protocols of 
social distancing, wearing a mask, and hand hygiene. There 
were no patients for the practical examination. The format for 
examination remained the same: long and short psychiatry 
case, neurology case, and viva. For the cases, case histories 
and case vignette were given to the candidates. One of the 
external examiners was in a different city and took it online. 
We had also conducted mock practical examinations for the 
exam-going postgraduates so that they get acquainted with 
the new pattern. In December 2020, the external examiners 
joined online, though real-life cases were used.

Research
The department has been involved in interdepartmental, col-
laborative, and departmental research at the institute level. 
Several national and international agencies fund the research 
activities. In a year, we publish about 150 papers and book 
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chapters. To decongest the hospital spaces, the research staff 
worked remotely. No new patients/subjects were recruited 
for research purposes and phone follow-ups with already 
recruited patients/subjects were conducted. Backend activ-
ities related to the projects such as data analysis and report 
writing were carried out. As MD students were not able to 
recruit subjects for their theses (a mandatory requirement), 
suitable modifications were done in the protocols and sub-
mission dates were postponed, so that their deadlines for the 
examinations could be completed.

Information, Education, and Communication 
Activities
The COVID-19 pandemic is associated with psychosocial 
stress reactions among the general public as well as the 
health care workers. WHO posters7 on “Coping with stress 
during the 2019-nCoV outbreak” and “Helping children cope 
with stress during 2019-nCov outbreak” were translated 
into 11 Indian languages after taking due permission from 
the WHO. Educational video clips for general public, children 
and adolescents, single men, single women, and elderly pop-
ulation were developed. Guidance notes were developed for 
health care workers in English and Hindi to identify stress 
in themselves and to cope with it. Guidance notes for gen-
eral population for dealing with mental health issues in per-
sons quarantined or put in isolation, physicians dealing with 
patients/suspects with COVID-19, and mental health profes-
sionals were also developed. These were widely circulated 
and displayed at the institute’s website.8 In the psychiatry 
ward, posters in simple language were displayed for educat-
ing about the preventive measures and donning and doffing 
procedure for COVID-19.

Conclusion
This article provides evidence that something can always 
be done in times of crisis. It is pertinent to mention that 
several compromises had to be made in various aspects of 
functioning. AIIMS, being a premiere teaching institution of 
the country, is well equipped in terms of staff, equipment, 
and funds. Other teaching institutions may have found the 
situation more challenging because of limited infrastruc-
ture. Nevertheless, strategies used have been introduced 
in this article, which can be used at different places with 

suitable modifications according to the local resources and 
requirements.

Future direction: The experiences shared in this article can 
be of help in developing suitable policy to be used in similar 
situations emerging in future. The Department of Psychiatry 
adapted to the impact of COVID-19 and lockdown by adopt-
ing simple strategies. Some of these strategies and lessons 
learnt are going to remain with us even after this pandemic 
is over. Telepsychiatry, especially for follow-up patients, and 
online platforms for teaching and meetings are here to stay.
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Diabetes mellitus (DM) is growing in pandemic proportion and affects the affluent and 
developing nations equally. India has the dubious distinction of being known as the 
diabetes capital of the world. Epidemiological studies have shown that DM is under 
diagnosed and inadequately treated in our country. Insulin resistance and β-cell dys-
function are the two key pathophysiological determinants of the DM. The disease has 
metamorphosed during the last couple of decades with a significant change in the 
clinical presentation. Simultaneously, the therapeutic options for the management of 
DM have also increased in the last decade. This article highlights the research con-
ducted by us over the last decade in the areas of pathogenesis, management, and 
complications of DM.
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Introduction

The global burden of diabetes mellitus (DM) is increasing 
rapidly posing a significant stress on the health care deliv-
ery systems. DM is broadly divided into type 1 (T1DM) and 
type 2 (T2DM) based on the pathophysiological mechanism 
of insulin deficiency and insulin resistance (IR), respectively.1  
India is home to approximately 70 million cases of T2DM and 
another 80 million are considered to have prediabetes (PD), 
which is a forerunner of T2DM. Previous studies have shown 
that the disease is widespread in the community and the 
visible burden represents just the tip of an iceberg.2 Lifestyle 
modification and regular exercise are the cornerstones of the 
management in patients with T2DM.3 Insulin, sulfonylureas, 
and metformin are the traditional antidiabetic options and 
research during the last couple of decades result in the 
availability of several new drugs. Despite the availability of 
novel medications, the treatment gap is wide resulting in 
significant microvascular and macrovascular complications.  
The clinical outcomes also depend on the awareness about the 
disease and patient empowerment in dealing with diabetes.4,5  

We conducted many studies in the areas of epidemiology, 
pathogenesis, therapeutic options, and the complications of 
DM during the last decade, which are being presented here.

Etiopathogenesis
IR leads to T2DM, besides affecting multiple other organs 
and tissues in the body.6,7 The incidence of DM is difficult 
to determine and many studies have documented the dis-
ease burden, as measured by the prevalence of the disease 
rather than incidence. We studied the incidence of T1DM and 
T2DM in a cohort 51,217 healthy participants followed for a 
median duration of 12.5 years with a cumulative follow-up 
of 613,925 person-years (py). Our data gave an incidence 
rate of 0.41 per 1,000 py and 2.44 per 100,000 py for T2DM 
and T1DM, respectively.8 Our cohort had low incidence of 
diabetes in comparison to other participants, which could 
be due to the healthy lifestyle measures in military service.  
The adjudication of patients into either T1DM or T2DM is 
often difficult in lean, young individuals with DM.9 The fac-
tors that aid in the differentiation are the β-cell function, IR, 
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and autoimmune antibody markers. We studied the etio-
pathogenetic markers in nonobese patients, aged younger 
than 35 years with DM.10 Autoimmunity was diagnosed 
using glutamic acid decarboxylase 65, insulin autoanti-
body, and islet cell antibody. Homeostasis model assessment 
(HOMA) models of HOMA-beta and HOMA-IR were used for 
estimation of β-cell function and IR, respectively. Our results 
showed that T2DM was the most common etiology even in 
lean, young adults in India.

The presence of diabetes in patients with pancreatic dis-
orders is classified as Type 3c DM. Visceral adipose tissue 
(VAT) is a risk factor for T2DM and the same was not eval-
uated in patients with chronic pancreatitis (CP). We stud-
ied 102 patients with CP and showed that VAT was high in 
patients with DM than those without DM.11 Our seminal study 
concluded that VAT determines the development of diabetes, 
even in patients with CP. In the same group, we compared the 
body fat estimation using dual-energy X-ray absorptiometry 
(DXA) and bioelectrical impedance analysis techniques and 
showed that DXA was better. Vitamin D deficiency (VDD) is 
inversely associated with IR and recent reports suggest that 
VDD exacerbates the dysglycemia. We studied the prevalence 
of VDD across the spectrum of glucose intolerance in normal, 
PD, and T2DM patients and showed that VDD is irrespective of 
the underlying glucose.12 Insulin requirement varies between 
patients and the etiopathogenesis behind the excessive insu-
lin requirement has not been studied.13 We stratified patients 
based on the total daily insulin requirement (TDIR) into three 
groups: Group 1 (TDIR <1 U/kg), Group 2 (TDIR 1–2 U/kg), 
and Group 3 (TDIR > 2 U/kg) and studied their clinical profile 
and carbohydrate consumption.14 Patients in the third group 
had lower body weight and highest carbohydrate consump-
tion when compared with the other two groups. The clinical 
implication is to limit the carbohydrate intake in patients 
with high insulin requirement.

Management
The initial management of DM involves lifestyle modifica-
tion and pharmacotherapy is for patients with poor control 
despite intense lifestyle measures. The therapy involves pro-
gressive up titration starting with a single oral agent, mul-
tiple oral agents followed by the use of insulin, in single or 
multiple doses.15 The ideal metabolic control includes HbA1c 
< 7%, blood pressure < 130/85 mm Hg, and low-density lipo-
protein cholesterol (LDL-C) of less than 70 mg/dL, popularly 
known as the ABC of diabetes. We studied the prevalence of 
patients reaching the ABC goals in a sample of 1,000 patients 
(531 males:469 females). Our data showed that only 
90 patients (9%) achieved the three-part ABC goal16 and high-
lights the urgent need to improve the quality of diabetes care 
in our country. Bariatric surgery is dubbed as the metabolic 
surgery for the numerous metabolic benefits. We studied the 
effects of a novel metabolic surgery (ileal interposition along 
with sleeve gastrectomy) in a sizeable cohort of patients 
with T2DM. Our initial data of 10 patients showed remis-
sion of DM and hypertension with significant weight loss.17  
Encouraged by our preliminary data, we included more 

patients and extended our follow-up.18 Further, we mod-
ified the surgical procedure to include diverted sleeve gas-
trectomy in a selected number of patients.19 Remission of 
diabetes is seen in more than 60% of patients with extensive 
variability in the remission rates between different surgical 
procedures. We developed an easy scoring system to predict 
the probability of diabetes remission after metabolic surgery 
using our cohort of patients.20 The diabetes remission score 
includes seven clinical variables and is a widely useful tool to 
predict the postoperative diabetes remission.

Incretin-based therapies are known to have pleotropic ben-
efits in T2DM but have not been studied in new-onset T1DM. 
We investigated the effect of exenatide and sitagliptin along 
with insulin in patients with new-onset T1DM and showed 
that incretin modulators decreases insulin requirement 
without increasing the hypoglycemic events.21 Intravenous 
insulin is the cornerstone in the management of DM in 
the intensive care unit (ICU). We studied the efficacy of an 
incretin modulator, liraglutide in the ICU. In a prospective, 
open-labeled, randomized study, we showed that liraglu-
tide is a viable alternative to insulin for glycemic control 
in the ICU with reduced risk of hypoglycemia.22 Dipeptidyl 
peptidase-4 inhibitors (DPP4i) are oral hypoglycemic agents 
and are thought to be beneficial in the early stages of diabetes 
only. In a retrospective analysis, we showed the benefits of 
DPP4i in longstanding T2DM and concluded that these drugs 
are beneficial irrespective of the duration of diabetes.23

Complications
The morbidity and mortality in DM are due to either micro-
vascular (retinopathy, neuropathy, and nephropathy) or 
macrovascular (cerebrovascular, coronary, and peripheral 
arterial) complications.24,25 Hyperglycemia is the key for 
microvascular complications, whereas the macrovascular 
complications are aggravated by multiple factors besides 
hyperglycemia alone. We studied the clinical profile of micro-
vascular complications in a large sample (1,500 patients) and 
suggested that the microvascular complications are seen in 
about half of the patients and are aggravated by advanced 
age, longstanding diabetes and poor glycemic control.26  
We showed that neuropathy was the most common type 
and nephropathy was associated strongly with retinopathy. 
Gestational diabetes mellitus (GDM) is characterized by 
transient hyperglycemia with similar risk factors of that of 
T2DM.27 During the development of vascular complications, 
functional changes precede the structural changes. We eval-
uated for early retinopathy using the visual evoked potential 
(VEP) in patients with GDM and T2DM.28 VEP was recorded 
to derive the prominent positive peak latency (P100), ampli-
tude, and initial negative deflection (N75) latency. The data 
were compared with 10 gestational age matched controls 
with normal glucose tolerance. The P100 latencies were com-
parable among the three groups (GDM, T2DM, and controls). 
However, patients with any diabetes (GDM and T2DM) had 
prolonged P100 latencies and low P100 amplitudes in com-
parison to controls. Our data showed that VEP abnormalities 
are detectable even in the short-term hyperglycemia of GDM.
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T2DM patients are prone to infectious and inflammatory 
disorders, which are often resistant to conventional thera-
pies.29,30 Acquired perforating dermatosis (APD) is an uncom-
mon skin disorder seen in patients with DM and chronic 
kidney disease.31 We analyzed the clinicopathological fea-
tures of APD and the majority had a subtype of reactive per-
forating collagenosis and all the patients showed resolution 
with topical glucocorticoids. T2DM is an independent risk 
factor for uric acid nephrolithiasis and obesity augments this 
risk. In a study of 25 patients with DM, we showed that low 
urine pH as the main risk factor for uric acid nephrolithiasis 
and obesity further accentuates this risk.32 We demonstrated 
the beneficial role of botulinum toxin in resistant cases of 
meralgia paresthetica, which is a form of cutaneous neurop-
athy.33 Telemedicine is developed to bridge the gap in health 
care delivery systems and we studied the role of telemedicine 
in screening for diabetic retinopathy in a sample of 196 males 
and 269 females with T2DM.34 Non-high-density lipoprotein 
cholesterol (non-HDL-C) is gaining importance over LDL-C 
as a cardiovascular risk marker in patients with T2DM and 
our data suggest a significant discordance between the LDL-C 
and non-HDL-C.35 The cardiovascular risk could also be 
aggravated by a combination of the gliptins with certain anti-
hypertensive drugs such as angiotensin-converting enzyme 
inhibitors.36

Conclusion
To conclude, the burden of DM requires a multidisciplinary 
approach involving extensive public and private partnership. 
Our research attempts to fill certain gaps in the understand-
ing about diabetes and are relevant to the Indian population. 
Increasing the focus on noncommunicable diseases and 
patient empowerment are the important keys to contain the 
diabetes-related morbidity and mortality.

Note
Dr. J.S. Bajaj’s oration delivered during NAMSCON 2020.
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We congratulate the author for pointing out that the main 
problem of contemporary medical research is its poor qual-
ity, leading to no or limited impact in clinical practice. The 
author also discussed measures to improve the quality of 
conduction and reporting of medical research.1 Here, we 
discuss the main reasons of poor quality of research in India 
along with suggestions for improvement.

In India, faculties and scientists in medical institutions (or 
colleges) and the Indian Council of Medical Research (ICMR) 
laboratories are the backbone for conduction of medical 
research through postgraduate thesis, intramural research 
grant (IMRG), and extramural research grant (EMRG). In med-
ical institutions, faculties are mostly busy in clinical care and 
teaching, with limited or no time for research. Quality of med-
ical research could be enhanced by providing protected time 
for research to the faculty members in medical institutions 
as per the recommendation by Dr. Sneh Bhargava Committee 
Report.2 Dr. Sneh Bhargava Committee Report recommends 
that faculties of apex medical institutes in India are expected 
to be allotted and also devote time accordingly for teaching 
including training, research, service delivery including patient 
care, and corporate activity. For the faculty in basic science 
department, the recommended division of time is 45% of 
time for teaching including training, 45% of time for research, 
and 10% for corporate activity. For the faculty in paraclinical 
or clinical departments, the recommended time is 30% of 
time for the teaching including training, 30% time for service 
delivery for paraclinical and patient care for clinical depart-
ment, and 10% of time for corporate activities.

The main reason of the increasing quantity of medical 
research without quality is that, in the current scenario, aca-
demic credentials for promotion in new cadre (or new pay 
scale) are same for both low quality and high quality. There is 
no added incentive for conducting high-quality research, bring-
ing EMRG, and reporting the research in high-impact journals.

To boost translational research in Indian Institute of 
Technologies (IITs), faculties are encouraged to initiate 
start-up companies.3 Similarly, medical faculties should be 
encouraged to establish start-up business models to advance 
medical research.

In summary, we recommend protected time for research 
activities for faculty in medical institutions, along with the 
incentive-based system, to boost the high-quality medical 
research.
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A 6-month-old male infant was admitted to our institute with 
a history of contact with COVID-19 positive relatives. The 
infant had a history of travel in a region that had registered a 
local surge 10 days back along with five fellow travelers from 
his family. The maternal uncle developed fever with myal-
gia after 3 days for which he tested for SARS-CoV-2 through 
real-time reverse transcriptase polymerase chain reaction 
(RT-PCR) and turned out to be positive. Therefore, upon 
testing of other family members because of close contact, 
this 6-month old infant, grandfather, and grandmother 
turned out to be RT-PCR COVID-19 positive. The infant’s 
father was living in another state because of his job and was 
therefore, not currently staying with the patient. On admis-
sion, the infant was asymptomatic. However, on day 4 of 
admission, the patient developed a generalized maculopapu-
lar rash over the body, predominantly involving face and back  
(►Fig.  1). On the next day, the infant developed fever and 
diarrhea which lasted for 3 days which was managed with 
syrup paracetamol, zinc, and oral rehydration solution (ORS). 
Since the child was only experiencing mild symptoms, other 
laboratory investigations were not performed. The mother 
was tested thrice during the hospital stay and reported nega-
tive for SARS-CoV2. The infant was discharged after 7 days of 
an asymptomatic period.

The most common presenting symptoms of COVID-19 in 
the pediatric population are cough and fever.1 Skin rashes are 
rare in COVID-19 and only 1.8% patient from China had skin 
rash during COVID-19 infection.2 There is lack of data on skin 
rash in children with COVID-19, and it has been reported 
recently in the context of multisystem inflammatory disease 
which included erythematous, maculopapular rash.3 Skin 
rash as presenting symptom is very rare in children and 
has been reported in a single case from UK to be best of our 
knowledge.4

This reports highlights the importance of clinicians being 
aware about the diagnosis of COVID-19 in children present-
ing with skin rash.

Ann Natl Acad Med Sci (India) 2021;57:181–181.

Fig. 1 Maculopapular rash in child with COVID-19.
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It is with great regret we write the sad demise of our  
colleague and friend in the National Academy of Medical 
Sciences (India) who left us on May 15, 2021.

Dr. K.K. Sharma was born on April 16, 1945 at Dibai, District 
Bulandshahr, Uttar Pradesh, in a simple and religious family. 
After obtaining his MBBS (1968) and MD (Pharmacology, 
1971) from Agra University, he joined as Assistant Professor 
in M.L.B. Medical College, Jhansi (1972–1975). Later, he 
shifted to University College of Medical Sciences and GTB 
Hospital as teaching faculty and was superannuated as 
Professor and Head in the Department of Pharmacology in 
2010 (1976–2010). He was a great administrator and highly 
successful Principal at UCMS, New Delhi, until 2007.

After superannuation, he joined as Professor of 
Pharmacology and Dean in the School of Allied Health 
Sciences, Sharda University, Greater Noida (2011–2015) and 
was later on honored as Professor-Emeritus.

Formerly, he worked with Al-Fateh University, Tripoli, 
Libya, BP Koirala Institute of Health Sciences, Dharan, Nepal 
and Visiting Professor of Pharmacology in several Medical 
Schools in United Kingdom, Europe, and Russia, where he 
taught clinical problem-based pharmacology.

Dr. Sharma has been a Member of Expert Advisory Committee 
to frame syllabus and curriculum for UG and PG courses in 
Pharmacology for various Universities, BP Koirala Institute of 
Health Sciences, Dharan, and Medical Council of India.

Dr. Sharma published over 200 scientific papers both in 
national and international journals in the fields of neuro-
psychopharmacology, clinical pharmacology, cardiovascular 
pharmacology, and medical education. He also served as a 
Member of the Expert Committees and Advisory Panels of 
UGC, ICMR, CSIR, DST, DBT, UPSC, several ministries of Govt. 
of India and NCR-Delhi.

The list of awards, honors, and distinctions received by 
him is long. Some of the important ones are listed here:

 • International Union of Basic and Clinical Pharmacology 
Travel Fellowship Award (1984),

 • Indo-USSR Cooperation in Medical Sciences Research 
Award (1988),

 • Indo-USSR Travel Fellowship (1990),
 • Distinguished Teacher Award from UCMS Alumni 

Association (1994),
 • Fellowship of the National Academy of Medical Sciences 

(India) (1999),
 • Fellowship of the Indian Pharmacological Society (2004),
 • Sir Shriram Memorial Oration Award, National Academy 

of Medical Sciences (India) (2004–2005),
 • Dr. Govind Achari Oration Award, Indian Pharmacological 

Society (2005–2006),
 • Dr. Y.K. Gupta Oration Award, K.G. Medical University 

(2011–2012).

He served the Academy as the Council Member, Chairman 
of the Academic Activities, and CME Co-ordinator and the 
Editor of the Annals of National Academy of Medical Sciences 
(India).

Since I (D.K.G.) joined the Academy on March 26, 
2021, I was amazed at his knowledge about the Rules and 
Regulations of the Academy, deep interest and commitment 
as an active Council Member. He was a staunch Hanuman 
Bhakt. He stood fearlessly for the cause of Academy what he 
thought was right.

He was extremely meticulous and deeply committed 
as the Editor of the Annals of National Academy of Medical 
Sciences (India). He was an asset to the Academy who took 
keen interest in day-to-day affairs as a humble servant. He 
supervised the repair and renovation work with a personal 
touch. I learnt a lot from him during this short association of 
3 weeks.

Unfortunately, Dr. Sharma was not keeping well for the last 
3 weeks since he got vaccinated and required hospitalization. 
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He remained in Intensive Care Unit for the last 15 days at 
GTB Hospital and was reported to be recovering well, but 
for the sudden, and blow and he left us on the morning of 
May 15, 2021.

In his passing away, the medical fraternity and the 
Academy have lost a great visionary, teacher, researcher, 
administrator, and above all a great human being. He treated 
the Academy staff as his own family. It will be difficult to fill 
the void.
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