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Editorial

Annals of National Academy of Medical
Sciences (2022) …An Appraisal
Anil Kumar Jain1

1Department of Orthopaedic, University College of Medical Sciences
and GTB Hospital, New Delhi, India

Ann Natl Acad Med Sci (India) 2023;59:1–3.

The biology is a dynamic science. The life has evolved from
one cell to fully evolved human being. It is a continuous
process. The biology is evolving so is the medical sciences.
Medical science has evolved from treatment remedies based
on erroneous and philosophical assumptions to scientifically
derived and validated research evidence. The therapeutics
have also evolved over the year.

The modern medicine has evolved from a stage of presci-
entific development to an era of evidence-based medicine.
The evidence-based interventions make the treatment out-
come predictable. The evidence not only to be generated but
also to bemade available far andwide and beyond thehuman
life by scientific writings and publications, then only it will
be available to clinicians worldwide in providing evidence-
based treatment and basis for future research.

Scientific journals play a big role in authenticating the
research and spreading to every corner of the world. Each
article submitted for publication to medical journals is
scrutinized by blinded peer review. Once cleared and im-
proved by peer review, the research is printed in a journal. It
is regarded as a credible research to be used by clinicians for
the benefit of patients and also becomes the basis of future
research hypothesis and are included in meta-analysis.

Annals of National Academy of Medical Sciences (ANAMS)
was established in 1965. We are publishing four issues every
year and is a multispecialty journal. The ANAMS conducts
quality peer review by fellows and members of NAMS who
are stalwarts in their field. It is an open-access journal and
can be downloaded free of cost. At themoment, it is included
in Directory of Open Access Journals (DOAJ) and Union Grant
Commission (UGC)-approved list of journals. We are taking
various steps to make it widely indexed and sought after
journal.

Manuscript Submission System and Peer Review: All
manuscripts are submitted only on an online manuscripts

submission (https://anams.manuscriptmanager.net/). Though
in previous years, wewere also acceptingmanuscripts online as
well as on emails. All manuscripts of previous years were also
uploaded on the online submission system. We enrolled new
reviewersamongmembersandfellowsofNationalAcademy.We
revamped the editorial board also and included eight associate
editors. This exercise is done to shorten manuscript submission
and decision time.

The manuscript submission is increasing now over the
years as depicted in ►Fig. 1. This year we recorded 23.1%
increase in manuscript submission.

In 2019, we were getting manuscripts by emails and we
started online submission system in later months of 2019.

In 2022, out of 163manuscripts (►Fig. 2), 96manuscripts
(58.9%) were original articles, 28 (17.1%) review articles, 23
(14.1%) case reports, and other types of manuscripts.

The editorial team processed 194 manuscripts this year
(►Fig. 3), out of which 120 were decided with acceptance
rate of 18/120 (23.33%) and rejection rate of 92/120 (76.66%).
Remaining 74 are in different stages of review process.

Early Decision: The editorial team of Annals believe that
each and every piece of research paper should be fast tracked
and published as soon as possible. Though present submis-
sion to decision time is approximately 16 to 20 weeks, it has
improved subsequently from last many years. We shall
ensure submission-decision time of 12 weeks and accep-
tance to e-first in next 8 to 10 weeks. Our current timeline to
the flow on manuscript is now structured and standardized.

Regularity of Publications: We have published all the
four issues for the year 2022. Although first issue of 2022was
late and could be published in the month of May, but fourth
issue was released online on December 28, 2022.

This year over all 36manuscripts havebeenpublished that
include 17 (47.2%) original articles, 9 (25%) review articles, 2
brief notes, and 9 other articles. This represents balance mix

Address for correspondence
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University College of Medical
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of every type of articles. Among important review
articles, second issue published “Best practice guidelines
for breast imaging” part 1 and 2 authored by Chakrabarthi
et al for Breast Imaging Society.1,2 Another article is on
Patient Safety, Clinical Microbiology, and Collaborative
Healthcare by Chugh et al.3 We published two articles on
mucormycosis and coronavirus disease 2019 (COVID-19)
infection4,5 and one each on COVID-19 vaccination and use
of telemedicine in COVID-19 time.6,7

Global Reach: With the availability of ANAMS on web site
andbeing open-access, the articles are readglobally. This can be
appreciated by constant increase in downloads of articles every
year. In theyear2022, thedownloadof full articleshas increased
by 12% (►Fig. 4). The visibility of ANAMS can be appreciated by
the hits to see Annals onweb site globally. ANAMS citations are
increasing year by year (►Fig. 5) and during this year it has
increased by 43.7% from the previous year.

Future Projections: The editorial team is working hard
on all-round progress of the journal. Prompt processing of
manuscripts and early publication with open access policy

will certainly attract authors. We plan to increase the pages
in every issue and also to start thematic issues. We aim to
include ANAMS in all important databases including Scopus,

Fig. 1 Bar graph showing article submissions during last 3 years.

Fig. 2 Pie chart showing different types of manuscripts submitted in 2022.

Fig. 3 Pie chart showing the progress of manuscripts in editorial
process during 2022.

Fig. 4 Bar diagram showing downloading of published articles during
last 3 years.
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PubMed, and Science Citation Index (SCI) expanded. Annals
is thankful to our authors, reviewers, readers, and members
of editorial team for their support.

On behalf of editorial team of Annals of NAMS
Prof. Anil K. Jain
Editor-in-Chief
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Abstract Hepatokines and adipokines are secretory proteins derived from hepatocytes and
adipocytes, respectively. These proteins play a main role in the pathogenesis of
metabolic syndrome (MetS), characterized by obesity, dysglycemia, insulin resistance,
dyslipidemia, and hypertension. Adipose tissue and liver are important endocrine
organs because they regulate metabolic homeostasis as well as inflammation because
they secrete adipokines and hepatokines, respectively. These adipokines and hepato-
kines communicate their action through different autocrine, paracrine and endocrine
pathways. Liver regulates systemic homeostasis and also glucose and lipid metabolism
through hepatokines. Dysregulation of hepatokines can lead to progression toward
MetS, type 2 diabetes (T2D), inflammation, hypertension, and other diseases. Obesity
is now a worldwide epidemic. Increasing cases of obesity and obesity-associated
metabolic syndrome has brought the focus on understanding the biology of adipocytes
and the mechanisms occurring in adipose tissue of obese individuals. A lot of facts are
now available on adipose tissue as well. Adipose tissue is now given the status of an
endocrine organ. Recent evidence indicates that obesity contributes to systemic
metabolic dysfunction. Adipose tissue plays a significant role in systemic metabolism
by communicating with other central and peripheral organs via the production and
secretion of a group of proteins known as adipokines. Adipokine levels regulate
metabolic state of our body and are potent enough to have a direct impact upon
energy homeostasis and systemic metabolism. Dysregulation of adipokines contribute
to obesity, T2D, hypertension and several other pathological changes in various organs.
This makes characterization of hepatokines and adipokines extremely important to
understand the pathogenesis of MetS. Hepatokines such as fetuin-A and leukocyte cell-
derived chemotaxin 2, and adipokines such as resistin, leptin, TNF-α, and adiponectin
are some of the most studied proteins and they can modulate the manifestations of
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Introduction

Metabolic syndrome (MetS) is a collection of related health
issues that has a close associationwith T2Dand cardiovascular
diseases. It has turned into an epidemic disorder anddescribes
many clinical and metabolic risk markers. MetS comprises
abdominal adiposity and dyslipidemia characterized by insu-
lin resistance, inflammation, low high density lipoprotein
(HDL) cholesterol, high triglycerides, and blood pressure,
which also correlate with cardiovascular disease (CVD).1,2

MetS has been defined in various aspects by the World
Health Organization (WHO). Other groups working on epi-
demiology, endocrinology, basic science, public health have
also proposed their definition on MetS.3–5 In the present day
definition, MetS has been framed according to NCEP-ATP III
and other clinical and biochemical parameters.

Studies have shown a varying prevalence of MetS in
people above the age of 20 years, ranging from around 20%
to 39.3% in India, theUSA, Tehran, Turkey and Saudi Arabia.6,7

MetS is becoming more common due to an increase in the
occurrence of obesity andmay overtake smoking as themain
cause behind heart disease in future.

The major risk markers of metabolic syndrome are de-
scribed below and mentioned in ►Fig. 1.

1. Adiposity

Being overweight and deposition of abdominal fat is the
root cause of MetS. Body fat deposits in different regions in
females and males following separate patterns. These ten-
dencies of fat deposition are called gynoid and android
adiposity because women tend to deposit excess adipose
tissue in outlying regions like legs, and pelvic region while
men have tendencies to deposit adipose tissue in the central

region (like abdomen). However, the position of adipose
tissue is very complex because the regions of body fat
deposition are common in men and women. Notably, depo-
sition of adipocytes in abdominal region creates more com-
plexities and lead to MetS. It leads to glucose intolerance,
where the action of insulin is shunted.8

2. Insulin resistance

Insulin resistance (IR) is a key factor in MetS, linking the
other components stated above. These metabolic abnormal-
ities are the outcomes of the interaction between glucose
utilization and storage in skeletalmuscles and adipose tissue,
culminating in increased insulin demand and hyperglyce-
mia. Healthy women and men have fat content between 18%
and 20% and 10 and 15% of body weight, respectively. MetS
affects 30 to 40% of people, mainly due to an increase in
weight, and intra-abdominal or ectopic fat accumulation.
Reducing weight by 5 to 7% by diet and workout can lower
MetS, risk of type 2 diabetes, and cardiovascular diseases.
Moreover, anti-diabetic drugs that can improve insulin re-
sistance, reduce the level of lipid and control weight gain are
helpful for people with type 2 diabetes arising out of MetS.
Bariatric surgery is another option for those with body mass
index (BMI) greater than or at least 40 kg/m2 or 35 to 40
kg/m2 with significant co-morbidities.9

3. Type 2 Diabetes (T2D)

The possibility of T2D increases by five times in MetS
patients. MetS and insulin resistance together have a cumu-
lative effect because these patients are more prone to
develop T2D. T2D is often linked to chronic inflammation.
MetS in females, who have pregnancy-induced diabetes, also
significantly escalates the likelihood of developing T2D.10

MetS. Detailed insight into the function and mechanism of these adipokines and
hepatokines in the pathogenesis of MetS can show the path for devising better
preventative and therapeutic strategies against this present-day pandemic.

Fig. 1 Major risk markers of metabolic syndrome.
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4. Dyslipidemia

In insulin-sensitive individuals, insulin inhibits adipose
tissue lipoprotein lipase. Insulin resistance therefore enhan-
ces lipolysis in adipose tissue, resulting in FFA overproduc-
tion, increasing its plasma level and also uptake by
hepatocytes. FFA increases liver triglyceride and cholesterol
ester content. High level of triglycerides in blood TG content
induces function of cholesterol ester transfer protein (CETP),
that in turn stimulates removal of triglyceride fromvery low-
density lipoprotein (VLDL) and adding to high-density lipo-
protein (HDL), hence HDL clearance increases. It also stim-
ulates the conversion of TG into LDL. LDL again in turn
undergoes lysis, resulting in the formation of tiny and
concentrated cholesterol less LDL particles, which increases
the risk of cardiovascular diseases.11

5. Hypertension

Hypertension has become a global pandemic, developing
countries facing the brunt of the problem, where the number
of hypertensives are estimated to increase by 80% by 2025.12

Approximately 1 billion people are affected globally by hyper-
tension andassociatedheart andkidneydisease. It is theoneof
the major causes behind global mortality. Hypertension is
intricately linked to insulin resistance, high cholesterol, car-
diovascular diseases, and MetS. Hyperinsulinemia or the in-
creased insulin levels promote hypertension as a
compensation for lesser insulin-mediated glucose uptake by
skeletal myocytes. Moreover, resistin, and leptin secretion
from adipocyte increases during hypertension and insulin
resistance.13,14

Adipokines in Metabolic Syndrome

Adipokines have a wide variety of role in multiple physio-
logical functions leading to abnormal characteristics ofMetS.
Anomalous production of adipokines from visceral fat con-
tribute to a proinflammatory condition. An interplay of low
adiponectin and high leptin and resistin contribute to dysli-
pidemia, hyperinsulinemia, and atherosclerosis. To date,
only leptin has been developed into a drug.15,16 Dipeptidyl

peptidase-4 (DPP-4) has been recognised as an adipokine
and DPP-IV inhibitors (gliptins) are already in use for the
treatment of type 2 diabetes.17,18 Extensive research is
needed to identify the basic mechanism of action of adipo-
kines such as apelin, chemerin and resistin. Deficiency in
understanding the mechanism of action of these adipokines
has retarded the development of adipokine-based therapeu-
tic strategies.19 Further research is needed to identify the
specific adipokines with potential diagnostic and therapeu-
tic properties. The role of different adipokines in MetS are
discussed below and shown in ►Fig. 2.

1. Resistin

The most crucial point about resistin is that it counteracts
insulin’s action. Its expression is obstructed during adiposity
aswell as inT2D. This inhibition of the expression of resistin is
mediated by increased expression of TNF-α. Under normal
condition, resistin particularly decreases the repressive action
of insulin so that gluconeogenesis can occur in the liver.When
resistin does not function, circulatory glucose concentrations
decreases and insulin sensitivity improves. The gene expres-
sion and secretion of resistin increases during adipogenesis in
3T3-L1, which in turn inhibits 3T3-LI adipogenesis.20,21 Circu-
latory resistin remains high in obese and T2D patients.22

However, in certain cases, resistin levels remain quite low in
patients having adiposity as well as insulin resistance, which
makes the role of resistin controversial. Hyperglycemia is
caused by excess secretion of resistin due to increased hepatic
glucose production. Resistin also subdues the activation of
AMP-activated protein kinase (AMPK) in hepatocytes and
muscle cells.23,24However, these restrictive actions of resistin
upon the activationofAMPKdonotoccur inprimaryculture of
murine muscle cells, advocating that this process requires
release of other factors from other cell types.25 Moreover,
thelevel of resistin in circulation increaseswith increasingBMI
inhumansaswell as rodents.24Arecentmeta-analysis showed
circulatory resistin levels to behigher in hypertensive subjects
compared to their normotensive counterparts, suggesting a
pathogenic role of resistin in hypertension.26 Nevertheless,
additional investigation is necessary to identify the detailed
function of resistin in MetS.

Fig. 2 Adipokines in metabolic syndrome: role of resistin, IL-6, TNF-α, adiponectin, and leptin in dyslipidemia, insulin resistance, inflammation,
type 2 diabetes, and hypertension.
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2. Interleukin-6 (IL-6)

Interleukin-6 (IL-6) is considered as a very important
adipocytokine that regulates immuneresponses. It isproduced
by fibroblasts, monocytes, and adipocytes. Adipocyte-derived
IL-6 makes up almost 15 to 35% of total circulating IL-6.27 The
receptor of IL-6 functions by regulating other signaling mol-
ecules.28 Itmustbementionedthatplasmaconcentrationsand
adipocyte-derived IL-6 levels rise during obesity.28 In high-fat
diet (HFD) fedmice, elevated levels of IL-6 in adipocytes induce
insulin resistance, inhibiting the function of insulin receptor
via proteasomal degradation of insulin receptor substrate
(IRS).29 A key component related with IL-6 is C-reactive
protein, and their concentrations are positively correlated.30

The presence of IL-6 is found in awide range in different fat or
lipid deposition sites. For example, IL-6 levels in visceral
adipocytes are higher than peripheral depositions. Altogether,
the relation between IL-6 concentration and T2D is quite
complicated. Level of IL-6 in circulation increases in obese
and T2D patients with significantly enhanced concentrations
in visceral adipocytes.31 IL-6 activates AMPK-activated protein
kinase in myotubes; however, the detailed signaling pathway
involved in IL-6-mediated glucose uptake and other down-
stream elements in AMPK activation are not known.32 Hence,
IL-6, a pro-inflammatory cytokine, can be regarded as an
indicator of insulin resistance, adiposity, and T2D.33

3. Tumor Necrosis Factor-alpha (TNF-α)

Just like IL-6, TNF-α is also highly expressed in visceral
adipocytes than peripheral adipocytes. It is profusely released
by macrophages. TNF-α levels in adipocytes increase with
obesity, BMI, insulin resistance, and T2D.34 TNF-α lowers the
level of resistin and also impairs its function in 3T3-L1
adipocytes. Blocking of TNF-α affects other adipokines and
improves inflammatory markers. It must be mentioned that
TNF-α impairs insulin function in liver and adipocytes.35

Incubation with TNF-α affects insulin-mediated glucose up-
take in skeletal muscle cells. Moreover, TNF-α receptor-IgG
chimeric protein restores phosphorylation and insulin signal-
ing via its receptor and substrate (insulin receptor substrate-1/
IRS-1) inadipocytesandskeletalmusclecells.Also, knockoutof
TNF-α or TNF-α receptor improves glucose homeostasis and
increases insulin sensitivity in obese models but not in obese
patients with T2D.36,37 In short, TNF-α levels in adipocytes is
positively correlated with fasting plasma glucose levels, insu-
lin, and triglyceride levels inhigh fat-fed female subjects. It also
increases adipocyte lipolysis.38 Hence, TNF-α elevates insulin
resistance because it stimulates the production of lipids from
adipocytes. Macrophages that are produced from adipose
tissue resident monocytes are another significant source of
pro-inflammatory cytokines. Also, the ratio of pro-inflamma-
tory and anti-inflammatory cytokines regulate insulin resis-
tance, heart, and kidney diseases.39

4. Adiponectin

Adiponectin is a very crucial adipocyte-derived protein
because it is a key regulator of obesity and T2D. While it can

induce release of proinflammatory cytokines, it also has
anti-inflammatory functions and affects nuclear factor (NF-
kB). It also enhances the action of insulin in peripheral
tissues. Adiponectin decreases glucose concentrations and
induces liberation of fat without increasing insulin levels,
hence acting as an endogenous insulin sensitizer. Adipo-
nectin is circulation occurs in three forms: trimer, hexamer,
and high molecular weight (HMW) 12-18-mer adiponec-
tin.40 It enhances energy expenditure in hepatocytes and
skeletal muscle cells, while reducing tissue triglyceride
content. Adiponectin restores insulin sensitivity through
AMPK-induced reduction of gluconeogenesis in the liver
and increased glucose uptake by muscles.41 There are two
major receptors for adiponectin-AdipoR1 and AdipoR2,
having seven transmembrane domains. AdipoR1 is found
in muscles, and AdipoR2 is found in the liver.42 Increased
plasma level of adiponectin is known to significantly reduce
the risk of T2D. High molecular weight (HMW) adiponectin
is an important biomarker for MetS, and mainly responsible
for increased insulin sensitivity.43 Hypoadiponectinemia is
typical in metabolic and cardiovascular disease states such
as T2D, non-alcoholic hepatic steatosis, hypertension, and
heart disease. Genetic hypoadiponectinemia is mediated by
a missense mutation. Decrease in adiponectin levels pre-
cede the progression of T2D, making it an important
component behind the condition. Adiponectin levels affect
the formation of glucose in the liver by decreasing gene
expression of enzymes: phosphoenolpyruvate carboxyki-
nase as well as glucose-6-phosphatase. These two enzymes
are very important for gluconeogenesis. Adiponectin also
aids in the formation of foam cells from macrophages and
reduction of TNF-α production from macrophages.44 Adi-
ponectin induces weight loss and ameliorates dyslipidemia.
Adiponectin expression is reduced in people with metabol-
ically unhealthy adiposity (diabesity).45 Increased adipo-
cyte accumulation in the visceral region is linked to several
health issues. Interestingly, individuals with higher visceral
adipose tissue (VAT) have low level of circulatory adiponec-
tin.46 Adiponectin manifests glucose tolerance by insulin-
sensitivity, energy utilization, and anti-inflammatory func-
tions. Adiponectin also aids in the development of MetS in
women after menopause.47 A recent clinical study on post-
menopausal women showed that a decrease in body weight
significantly increased adiponectin levels and reduced in-
sulin in circulation in fasting condition and also IR.48 The
most cost-effective way of increasing adiponectin, the ma-
jor anti-inflammatory adipokine, is reduction of the adipose
tissue mass by achieving around 5 to 7% weight loss through
hypocaloric diet and physical exercise.49–51 Also, recent
studies have shown that GLP-1 agonists, i.e., semaglutide
and liraglutide and dual GLP-1 and GIP agonist tirzepatide,
can increase adiponectin and reduce pro-inflammatory
cytokines, by inducing 10 to 20% weight loss.52,53 PPAR-
gamma agonists such as pioglitazone and rosiglitazone
significantly improve insulin sensitivity by increasing adi-
ponectin levels and reducing fetuin-A levels, albeit with loss
of weight.54,55
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5. Leptin

Leptin is essentially a thinning hormone, inhibiting food
intake by stimulating the hypothalamic satiety center. Leptin
is secreted majorly from adipocytes. However, small quanti-
ties of leptin are secreted from skeletal muscle, liver, placen-
ta, and fundus of the stomach. Leptin levels increase with
increasing amount of fat deposition in body. High level of
leptin is associatedwith obesity and T2D.56 Leptin resistance
leads to unregulated food intake and often co-exists with
hypothalamic insulin resistance. The various mechanisms by
which a loss of hypothalamic leptin signal leads to weight
gain are induction of leptin by Suppressor of Cytokine
Signalling-3 (SOC-3), decreased circulation to brain, and
increased endoplasmic reticulum (ER) stress. The JAK-STAT
pathway activated by leptin receptor is also an important
regulator of increasing BMI and phosphoinositol-3-kinase is
also regulated by leptin, which, in turn, controls glucose
metabolism.57 Circulatory leptin levels modulate nutritional
status because its level decreases soon after fasting begins.58

Leptin secretion is also dependent on body fat content. Also,
80% of total leptin production is from subcutaneous fat.
Circulatory leptin levels, and its secretion from adipose
tissue are positively correlated with obesity. Higher content
of fat is linked to an increase in leptin resistance. Leptin is a
crucial moderator in managing body weight. Hence, defi-
ciency of leptin in blood leads to leptin resistance. Leptin
resistance is a key player behind adiposity.59 Leptin improves
insulin sensitivity through AMPK. AMPK in turn decreases
malonyl-CoA, thereby impairing acetyl-CoA carboxylase.
This explains how leptin deficiency contributes to insulin
resistance. It establishes that leptin resistance as a key factor
behind adiposity and can be targeted to reduce insulin
resistance. Bariatric surgery achieves these goals in a much
more robust way, as it allows patients to achieve more than
20% weight loss. DiRECT trial, where participants were
subjected to very low-calorie diets (600 calories), resulted
in 12 to 15 kg weight loss.60–63 This was associated with
significant improvement in obesity-associated insulin and

leptin resistance, secondary to favorable improvements in
adipo-hepatokine profiles. Although the actual part played
by leptin in regulating insulin resistance is unclear, the contri-
bution of leptin along with other adipokines such as TNF-α,
resistin, IL-6 in MetS is confirmed.64 Finally, leptin is a major
gate keeper of the initiation of puberty in girl. Adequate leptin
levels tell the hypothalamic GnRH neurons that the body has
acquired enough adipose tissue store to sustainpregnancyand
child birth; the latter then triggers the onset of puberty.65

Hepatokines in Metabolic Syndrome

Liver, one of the major glands in human body, plays several
functions such as regulating carbohydrate, fat, and protein
metabolism.Hepatokines, theliver-derivedsecretoryproteins,
have been given the status of ‘new hormones’ having substan-
tial role inMetS. Thehepatokines regulate energy homeostasis
by controlling glucose and lipid metabolism.66 The high prev-
alence of type 2 diabetes has increased the need for drug
development targeting the liver.Manyglucose-lowering drugs
are used as hepatokine blockers for treating liver diseases.
Some known drugs are nuclear hormone receptor agonists
such as peroxisome proliferator-activated receptor agonists,
and farnesoid X receptor agonists, incretins, fibroblast growth
factor-19/21 and sodium–glucose cotransporter inhibitors.67

However, detailed studies on deciphering the mechanism is
necessary to evaluate hepatokine induced tissue damage and
the role of these drugs in metabolic syndrome. Several hep-
atokines have been identified that provide important knowl-
edge in understanding the pathogenesis of MetS. These
hepatokines pose to be thepossible targets for treating obesity
and other related diseases. The role of all these hepatokines in
MetS are as follows and shown in ►Fig. 3:

1. Fetuin-A

Fetuin-A (AHSG), is a liver-derived protein and is one of
the major culprits behind T2D via blocking the function of
insulin receptor and promoting secretion of cytokines.
Fetuin-A reduces adiponectin secretion, in adipocytes and

Fig. 3 Hepatokines in metabolic syndrome: role of Hepatocyte-derived fibrinogen-related protein 1 (HFREP1) or Fgl1 or hepassocin, Fetuin-A, fibroblast
growth factor 21 (FGF-21), angiopoietin-related growth factor (AGF), angiopoietin-related growth factor (AGF), angiopoietin-like proteins (ANGPTL)
and leukocyte cell-derived chemotaxin 2 (LECT2) in dyslipidemia, insulin resistance, inflammation, type 2 diabetes, and hypertension.
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monocytes, which is amain protein that plays important role
against MetS. Fetuin-A secretion increases with increased
hepatic fat accumulation and sub-clinical atherosclerosis
while it is negatively associated with insulin sensitization.68

The position of fetuin-A gene is 3q27. Single nucleotide
polymorphisms (SNPs) in human AHSG gene is linked to
T2D.69 The role of excess fetuin-A is reported in obesity,
MetS, and T2D. Fetuin-A can be a potential bio-marker for
T2D.69 Interestingly, plasma fetuin-A levels can be reduced
by calorie restriction.70 Pioglitazone, an insulin sensitizer,
decreases fetuin-A mRNA expression in liver tissue.54 Regu-
lar exercise or workout has variety of action on circulatory
fetuin-A levels; and it has been proven that exercise can
reduce serum fetuin-A concentration inT2Dwhile increasing
serum adiponectin levels. Lowering fetuin-A level in obese
subjects can lead to improvement in IR. Increased serum
fetuin-A levels following weight loss after 6 months of
aerobic training in healthy overweight old men has been
shown to be cardioprotective.71 Altogether, fetuin-A is a very
promising drug target for preventing and treating T2D.66

2. Hepatocyte-derived fibrinogen-related protein 1
(HFREP1)

Hepatocyte-derived fibrinogen-related protein 1 (HFREP1,
or Fgl1 or hepassocin), is produced from the liver and can lead
to progression of T2D through ERK1/2. HFREP1 is also secreted
in adipocytes where it controls lipid homeostasis. Plasma
HFREP1 levels correlate positivelywith insulin desensitization
and the rate of progression of prediabetes to T2D.72

3. Fibroblast growth factor 21 (FGF-21)

FGF-21, another hepatokine, is a strong energy regulator
and an essential hormone needed for adaptive starvation.
FGF21 is also a myokine and an adipokine. It also affects the
level of reactive oxygen species (ROS), ER stress, and other
cellular processes and exerts a favorable effect on controlling
body weight and triglyceride and cholesterol levels. FGF21
increases GLUT-1 expression in the skeletal muscle and
insulin-mediated glucose uptake and serum insulin concen-
trations in diabetes patients.73 LY2405319, an FGF-21 ago-
nist, highly improves lipid content in blood in T2D subjects
with direct effect on controlling BMI, circulatory insulin
levels, and production of adiponectin. FGF21 regulates met-
abolic balance by enhancing PPAR-γ actions by inducing the
formation of beige or brown adipose tissue from white
adipose tissue (WAT).74 Browning ofWAT is a crucial balance
involving two important factors-FGF-21 and irisin. Irisin is
another prominent skeletal muscle-derived protein that has
a significant role in MetS. Nutrition status has a direct effect
on FGF-21 level in MetS. It suppresses the production and
function of adiponectin and promotes the secretion of leptin
and cytokine IL-6 in maturing adipocytes.75,76 High-sensi-
tivity C-reactive protein (hsCRP, a popular indicator of in-
flammatory diseases) has intricate connection with FGF-21
in T2D subjects. Also, transcription and secretion of FGF-21
can be decreased by TNF-α. Circulatory FGF-21 concentra-
tions are also linked to hypertension,making a role of FGF-21
in MetS quite significant. While pre-clinical studies were

highly promising in terms of improving insulin sensitivity,
the clinical development of FGF-21 as a drug was given up, as
human studies showed significant FGF-21 resistance in T2D,
undermining its efficacy in clinical T2D.77

4. Angiopoietin-related growth factor (AGF)

Angiopoietin-related growth factor (AGF) is produced
from the liver and has crucial function in maintaining lipids
and carbohydrates in our body. AGF deficiency is directly
linked to, adiposity, T2D and fat depot formation in various
organs. AGF also decreases hepatic gluconeogenesis. Serum
AGF level increases in T2D patients and also inMetS patients.
AGF increases with progression of T2D, while the level of
HDLc in circulation decreases.78

5. Selenoprotein-P (SeP)

Selenoprotein-P is another crucial hepatokine. High level
of SeP is found in T2D or fatty liver patients, or patients
having visceral adipocyte accumulation. Such excess concen-
tration of SeP is significantly correlated with IR, hsCRP, and
triglyceride level. However, SeP in circulation is low in MetS
subjects, particularly those with heart ailments.79,80 More-
over, excess concentrations of SeP decreases the risk of MetS
in children. Adiponectin and salsalate inhibit SeP and this
inhibition is mediated by AMPK-Forkhead box protein O1a
(FOXO1 a) and its downstream proteins, thereby reducing
hepatic glucose output.81 Serum SeP level shows inverse
relation to serum adiponectin concentrations in T2D sub-
jects. SeP can be a potent target for the management of IR-
associated diseases.82

6. Angiopoietin-like proteins (ANGPTL)

Angiopoietin-like proteins (ANGPTL 1-8), are a group of
proteins, secreted from the liver. These have a crucial role in
maintaining lipid content in the body. First, we shall discuss
about angiopoietin-like protein 4 (ANGPTL4). ANGPTL4 is also
secreted from muscle cells and adipocytes. ANGPTL4 primarily
regulates the storage of lipid in cells and its spilling. Because the
lipid content is directly dependent on food intake, ANGPTL4
secretion is controlled by several factors such as the amount and
time of food intake, nutrients present in food, and lifestyle.83

Nutrients in food, particularly fatty acids, can control gene
expression of ANGPTL4 via PPARs. ANGPTL4 stimulates lipid
breakdownwithin adipocytes through cAMP.ANGPTL4 is direct-
ly associated with IR. Excess production of ANGPTL4 is required
toregulate insulinsensitivity;however, sometimes itmayleadto
excess lipid spillage in circulation anddepositionof fat invarious
organs. ANGPTL4 concentration in circulation decreases in T2D
patients,which impliesthat lowlevelofANGPTL4canbeareason
behind T2D. AGPTL4 has a key role inmaintaining ROS level and
inflammation.84 ANGPTL8 (also known as lipasin) is another
newly studied liver-derived protein that regulates lipidmetabo-
lism. ANGPTL8 andHDL-cholesterol have a negative association,
while ANGPTL8 and triglyceride level has a positive association.
All the effects of ANGPTL8 aremoderated by blocking the action
of lipoprotein lipase and also ANGPTL3 by increasing the pro-
duction of very low-density lipoprotein from hepatocytes. The
expression of ANGPTL8 is directly related to an increased
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expression of hsCRP which in turn increases the prevalence of
MetS. PlasmaANGPTL8begin to increase inpre-diabeticpatients
and continue to increase until the progression of T2D.85

ANGPTL8 is also considered to be an indicator of kidney and
insulin resistance. Increased secretion of ANGPTL8 occurs in
MetS patients with hypertension along with increased expres-
sion of ANGPTL4.86 So, for future investigations ANGPTLs can be
targeted by pharmaceuticals to treat hyperlipidemia.

7. Leukocyte cell-derived chemotaxin 2 (LECT2)

Leukocyte cell-derived chemotaxin 2 (LECT2), another hep-
atokine, is a key protein that can recognize energy demand in
our body. It is connected to inflammation in the liver and
natural killer T cells. LECT2 is also linked to fat accumulation
andglucose transport impairment in skeletalmuscles. Positive
correlation exists between circulatory LECT2 concentrations,
body weight, T2D, and increasing fat depot in the liver and
other organs. Calorie-rich diet or fat-containing diet and
workout or calorie expenditure exert opposite effects on
LECT2 levels, increasing and decreasing its level, respectively,
via blocking or activation the AMPK pathway.87 LECT2 treat-
ment can increase inflammation by increasing the secretionof
cytokines and other inflammatory molecules. LECT2 also
increases insulin resistance, accumulation of fat, and phos-
phorylation of mammalian target of rapamycine (mTOR) in
hepatocytes, making its role in MetS prominent.88

Conclusion

Taken altogether, adipokines and hepatokines likely contrib-
ute to insulin resistance, adiposity, T2D, cardiovascular dis-
eases, dyslipidemia, hypertension, and inflammation, leading
to MetS and its sinister consequences. Most adipokines and
hepatokines are novel proteins. Several adipokines and hep-
atokines have crosstalk not only amongst themselves but also
with other myokines or organokines. Better knowledge of all
these proteins is the need of the hour to help us improve the
preventive and therapeutic strategies to be adopted for MetS.
Theeasiest andmosteffectiveway to restrainor suppressMetS
is by making changes in our mode of lifestyle. Living a healthy
lifewith proper food habits and exercise can delay the onset of
MetS or aid in curing MetS along with medications.
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Introduction

The novel coronavirus disease (COVID-19), now a worldwide
public health concern, is associatedwith varied fatality.1 Some
of the recognized risk factors for poor prognosis of COVID-19
patients include age (>65 years), chronic obstructive pulmo-
nary disease (COPD), hypertension, cardiovascular disease,
and type 2 diabetes mellitus.2 Although type 2 diabetes

mellitus has been reported as a risk factor for COVID-19, the
effect of pharmacologic agents used to treat type 2 diabetes
mellitus on COVID-19 outcomes remains unclear.

Metformin, the first-line treatment for type 2 diabetes
mellitus with adequate safety profile, is being suggested for
treatment of COVID-19 as a host-directed therapy.3 A retro-
spective study highlighted metformin use to be associated
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Abstract Studies have demonstrated high prevalence of mortality in coronavirus disease
(COVID-19) patients with type 2 diabetes mellitus; however, the effects of antidiabetic
pharmacotherapy on COVID-19 complications need further exploration. The aim of the
study was to explore the association of metformin use and mortality in COVID-19
patients. A literature search was conducted using the databases Medline (via PubMed)
and Cochrane Central Register of Controlled Trials until February 09, 2021. Nine studies
were included in the meta-analysis, including 12,684 COVID-19 patients. The meta-
analysis suggested 37% lower risk of mortality in patients receiving metformin (risk
ratio: 0.63; 95% confidence interval: 0.50–0.78; p< 0.001). However, no significant
difference in hospitalization days between the two groups (p¼0.197) was observed.
The analysis revealed significantly lower risk of having obesity (p<0.001), hyperten-
sion (p< 0.001), heart failure (p<0.001), and cerebrovascular disease (p¼0.015) in
the group receiving metformin. The analysis also demonstrated significantly lower risk
of using anticoagulants (p¼ 0.015), diuretics (p<0.001), and antiplatelets (p¼ 0.010)
in patients receiving metformin. Our findings suggest that metformin use decreases
mortality in COVID-19 patients. However, randomized studies demonstrating the
consequences of metformin use are needed to understand the magnitude of the
beneficial effects of metformin.
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with a higher risk of severe COVID-19.3 On the contrary,
some retrospective cohort studies have revealed a significant
reduction inmortalitywithmetformin use in type 2 diabetes
mellitus patients diagnosed with COVID-19.1,4–6 The mech-
anism by which metformin seems to reduce the mortality
risk of COVID-19 patients remains unclear. However, its anti-
inflammatory actions are hypothesized to be one of the
mechanisms.7–9

Several studies have demonstrated higher prevalence of
mortality in type 2 diabetes mellitus patients with COVID-
191,4–6; however, the effects of antidiabetic pharmacothera-
py on COVID-19 complications need further exploration.
Studying the probable effects of pharmacologic agents on
clinical prognosis may provide an important understanding
to design further studies related to mitigating the risk
factors.2 Thus, in this systematic review and meta-analysis,
we aimed to explore the association of metformin use and
mortality in COVID-19 patients. We hypothesized that mor-
tality would be lower in COVID-19 patients receiving
metformin.

Methods

We followed the Preferred Reporting Items for Systematic
Review and Meta-Analyses (PRISMA) guidelines for system-
atic reviews10 andMeta-analyses Of Observational Studies in
Epidemiology (MOOSE)11 guidelines in designing, conduct-
ing, and reporting of this systematic review. The systematic
reviewprotocolwas registered at PROSPERO (registration ID:
CRD42020204384).

Data Sources and Searches
We searched Medline (via PubMed) and Cochrane Central
Register of Controlled Trials using the keywords “COVID-19
and metformin” and “2019 novel coronavirus and Metfor-
min.” Additional search was done on LitCovid using the
keyword “Metformin” until February 08, 2021. We also
searched gray literature using Google Scholar and reference
list of eligible articles.

Inclusion and Exclusion
The studies comparing the effect of metformin use on
mortality in COVID-19 patients with existing type 2 diabetes
mellitus were included. We excluded duplicate publications,
reviews, editorials, case reports, letters, meta-analysis, pro-
tocols, and studies not reporting the required data. Studies in
language other than English were also excluded because of
lack of understanding of the data. First author (RP) searched
the databases and screened articles for eligibility. Another
author (PM) double checked all the included articles and any
dispute was resolved by consensus.

Quality Assessment
Two reviewers (RP and RL) assessed the quality of data in the
included studies using the National Institutes of Health (NIH)
quality assessment tools.12 The NIH tool is comprehensive
and widely accepted for assessment of data quality specially
in observational study designs. The tools are specific to

individual types of included study designs and are designed
to assist reviewers in focusing on concepts that are key to
critical appraisal of the internal validity of a study. The tools
include items for evaluating research question, objective and
study population, selection of subjects, sample size justifica-
tion, exposure, and outcome measures. Quality reviewers
could select “yes,” “no,” or “cannot determine/not reported/
not applicable” in response to each item on the tool. The
overall quality of included studieswas rated as good, fair, and
poor, and the results were incorporated in the meta-
analysis.12

Data Extraction
Data were extracted using a standardized data extraction in
Excel and independently checked by a second reviewer (PM)
for accuracy. The following variables were extracted: name
of the first author, year of publication, study design, age,
gender, number of mortalities, comorbidities, and concomi-
tant medications.

Data Synthesis
An exploratory meta-analysis was performed to understand
the magnitude and direction of effect estimate. For dichoto-
mous outcomes, risk ratios (RRs) were calculated and
presented with respective 95% confidence intervals (CIs).
Mantel–Haenszel random-effects meta-analysis using
DerSimonian and Laird method was used to pool RRs.13

Continuous outcomes are presented using mean difference
(MD) and 95%CIs and pooled using the inverse variance
approach. Meta-analysis for each continuous outcome was
processed using a random effects model (using DerSimonian
and Laird method) since heterogeneity among studies was
expected. Heterogeneity between studieswas assessed using
the χ2-based Cochran’s Q statistic (p<0.1 considered as the
presence of heterogeneity) and I-squared (I2) statistics
(>50% representing moderate-high heterogeneity).13 Forest
plot was produced, and subgroup analysis was conducted
according to the study design. The 95% prediction interval
(PI) was calculated, which estimates the uncertainty bounds
for a new study evaluating that same association by consid-
ering between-study heterogeneity.13 Across themeta-anal-
ysis, the statistical significance was set as a p-value of <0.05.
Publication bias was not assessed as the total number of
included studies in meta-analysis was less than 10.14

Results

Search Results
The systematic search yielded a total of 135 publications
using the keyword “Metformin and COVID-19.” After
removing duplicates, 86 articles were found to be potential
publications for screening. A total of 76 articles (42 review
articles and 14 not reporting the required data) were
excluded after the application of predefined inclusion and
exclusion criteria. Ten studies4,15–23 were included for
systematic review, while 94,15–18,20–23 were included in
the meta-analysis (►Fig. 1). All included studies were
retrospective cohort studies.
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Study Characteristics
All the included studies were retrospective cohort
studies.4,15–20,22,23 Most of the studies were conducted in
China. The studies enrolled a total of 12,684 patients (metfor-
min group: 5,819; no-metformin group: 6,865). The sample
size of the studies varied from 120 to 6,250. The study
characteristics are provided in ►Table 1.

Quality Assessment
We assessed the quality of data in the included studies using
the NIH quality assessment tools. The quality assessment
indicated that included studies were of acceptable quality.
All the papers clearly stated the research question or objec-
tive, the study population was clearly specified and defined,
and all the subjects were selected from the same or similar
populations. The detailed result of the quality assessment is
provided in the Supplementary File (available in the online
version).

Association between Metformin Use with Mortality
and Hospitalization Days
The analysis of the nine retrospective cohort studies sug-
gested that metformin is associated with lower mortality
rate (RR: 0.63; 95% CI: 0.50–0.78; p<0.001; I2: 73.9%) with
substantial heterogeneity in individual study estimates. The
results highlight that mortality was 37% lower in patients
receiving metformin (►Fig. 2), while Cheng et al19 reported
no significant difference in the mortalities of individuals
between the metformin and the no-metformin groups
(adjusted hazard ratio [HR]: 0.87; 95%CI: 0.36–2.12;

p¼0.757). Univariate analysis by Pérez-Belmonte et al18

showed significant association of metformin with mortality
(RR: 0.73; CI: 0.58–0.90; p¼0.004). However, the multivari-
ate analysis revealed no significant association (RR: 1.10; CI:
0.76–1.60; p¼0.616).Multiple logistic regression analysis by
Crouse et al16 revealed thatmetformin use is an independent
factor affecting mortality in COVID-19 patients. Lally et al23

showed that the patients taking metformin were at signifi-
cantly reduced hazard of death (adjusted HR: 0.48; 95%CI:
0.28–0.84). Multivariate analysis by Luo et al15 showed that
the use of metformin was negatively correlated with the
mortality of type 2 diabetes mellitus patients. Four studies
qualified for quantitative analysis of hospitalization days.
The analysis revealed no significant difference in hospitali-
zation days between the two groups (MD: 1.07; 95%CI: –0.55
to 2.69; p¼0.197; I2: 0.0; ►Table 2).

Association between Metformin Use and Laboratory
Parameters
The analyzed hematological parameters included white
blood cells, neutrophils, lymphocytes, monocytes, platelets,
glucose, and eosinophils. The eosinophil level was higher
in the group receiving metformin (MD: 0.02; 95%CI: 0.002–
0.04; p¼0.034). However, no difference was observed in
other hematological parameters (►Table 2). Additionally,
higher levels were observed for albumin (MD: 2.23; 95%CI:
1.04–3.43; p<0.001), HbA1c (%; MD: 0.70; 95%CI: 0.27–
1.13; p¼0.001), HbA1c (mmol/L; MD: 1.77; 95%CI: 0.98–
2.56; p �0.001), and estimated glomerular filtration rate
(eGFR; MD: 3.43; 95%CI: 0.55–6.32; p¼0.020) in the group
receiving metformin (►Table 2).

Association between Metformin Use with
Comorbidities, Clinical Severity, and Oxygen Support
The analysis revealed that the risk of having obesity (RR:
0.53; 95%CI: 0.43–0.65; p<0.001), hypertension (RR: 0.93;
95%CI: 0.91–0.96; p<0.001), heart failure (RR: 0.41; 95%CI:
0.33–0.51; p<0.001), cerebrovascular disease (RR: 0.48; 95%
CI: 0.27–0.87; p¼0.015), and COPD (RR: 0.71; 95%CI: 0.62–
0.81; p<0.001) was significantly lower by 48, 7, 59, 53, and
30%, respectively, in the group receiving metformin. No
significant difference was observed in clinical severity be-
tween the two groups. The risk of using nasal canula was
significantly higher in the group not receiving metformin
(RR: 1.44; 95%CI: 1.06–1.97; p¼0.02; ►Table 3).

Association between Metformin Use and Concomitant
Treatments
The analysis revealed that the riskof using anticoagulants (RR:
0.70; CI: 0.53–0.94; p¼0.015), diuretics (RR: 0.69; C95%CI:
0.63–0.76;p<0.001), andantiplatelets (RR: 0.91;95%CI:0.84–
0.98; p¼0.010) was significantly lower by 30, 32, and 10%,
respectively, in patients receiving metformin (►Table 3).

Discussion

Emerging evidence suggest that the presence of comorbid-
ities increases the mortality risk in COVID-19 patients.

Fig. 1 Prisma flowchart. n, number.
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Fig. 2 Association of metformin use and mortality in covid-19 patients.

Table 2 Random-effects meta-analysis results between metformin and control groups for hospitalization and laboratory
parameters

Outcomes No. of
studies

Sample
size

MD 95% CI p-value I-squared
(%)

Heterogeneity
statistic (p-value)

Hospitalization (d) 4 1,646 1.07 �0.55 to 2.69 0.197 0.0 0.18 (0.758)

Hematologic parameters (109/L)

White blood cells 3 731 0.01 �0.29 to 0.31 0.953 0.0 1.79 (0.409)

Neutrophils 2 403 �0.11 �0.48 to 0.26 0.561 0.0 0.61 (0.436)

Lymphocytes 3 731 0.12 �0.02 to 0.28 0.085 39.2 3.29 (0.193)

Monocytes 2 403 �0.02 �0.08 to 0.05 0.650 51.7 2.07 (0.150)

Platelets 2 403 12.57 �12.46 to 37.57 0.324 45.8 1.84 (0.174)

Eosinophils 1 283 0.02 0.002 to 0.04 0.034 – –

Biochemical parameters

ALT (U/L) 3 731 0.02 �2.27 to 2.31 0.986 0.0 0.41 (0.815)

AST (U/L) 3 731 �1.66 �6.11 to 2.78 0.464 78.3 9.20 (0.010)

Urea (mmol/L) 2 403 �0.65 �1.49 to 0.19 0.129 53.8 2.16 (0.141)

LDH (U/L) 1 328 �12.30 �28.79 to 4.19 0.144 – –

Ferritin (μg/L) 1 328 78.47 �53.00 to 209.94 0.242 – –

Albumin (g/L) 1 328 2.23 1.034 to 3.433 <0.001 – –

Triglyceride (mmol/L 1 131 0.12 �0.18 to 0.42 0.432 – –

FBG (mmol/L) 2 611 1.00 �0.59 to 2.58 0.218 71.7 3.53 (0.060)

HbA1c (%) 1 328 0.70 0.27 to 1.13 0.001 – –

(Continued)
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Table 2 (Continued)

Outcomes No. of
studies

Sample
size

MD 95% CI p-value I-squared
(%)

Heterogeneity
statistic (p-value)

HbA1c (mmol/L) 1 131 1.77 0.98 to 2.56 <0.001 – –

eGFR (mL/min) 1 1,213 3.43 0.55 to 6.32 0.020 – –

γ-Glutamyltransferase 1 283 �0.23 �5.33 to 4.86 0.928 – –

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CI, confidence interval; eGFR, estimated glomerular filtration rate;
FBG, fasting blood glucose; HbA1c, hemoglobin A1c; LDH, lactic dehydrogenase; MD, weighted mean difference.

Table 3 Random-effects meta-analysis results between metformin and control groups for comorbidities, clinical severity, oxygen
support and treatments

Outcomes No. of
studies

Sample
size

RR 95% CI p-value I-squared
(%)

Heterogeneity
statistic (p-value)

Comorbidities

Overweight 1 28 0.56 0.24–1.32 0.184 – –

Obese 1 465 0.53 0.43–0.65 < 0.001 – –

Weight loss 1 26 0.63 0.31–1.29 0.210 – –

Hypertension 4 5,873 0.93 0.91–0.96 < 0.001 0.0 1.85 (0.603)

Heart failure 2 282 0.41 0.33–0.51 < 0.001 0.0 0.38 (0.536)

Cerebrovascular disease 1 45 0.48 0.27–0.86 0.015

Dementia 2 1,071 0.81 0.58–1.13 0.213 88.1 8.39 (0.004)

COPD 4 1,241 0.71 0.62–0.81 < 0.001 9.3 3.31 (0.346)

Clinical severity

Moderately ill 1 66 1.19 0.78–1.83 0.421 – –

Seriously ill 1 207 0.98 0.84–1.13 0.768 – –

Critically ill 1 10 0.43 0.09–1.99 0.280 – –

Severe 1 103 0.81 0.56–1.17 0.265 – –

Nonsevere 1 225 1.10 0.94–1.27 0.237 – –

Oxygen support

Ambient air 1 66 1.19 0.78–1.83 0.421 – –

Noninvasive oxygen support 1 211 0.97 0.84–1.12 0.667 – –

Invasive ventilation 1 9 0.62 0.13–3.02 0.551 – –

Nasal canula 1 69 1.44 1.06–1.97 0.020 – –

Nonrebreathing mask 1 7 0.17 0.01–2.85 0.216 – –

High-flow oxygen 1 7 0.42 0.05–3.39 0.419 – –

Room air 1 26 0.76 0.33–1.75 0.521 – –

Noninvasive ventilation 1 19 0.68 0.24–1.91 0.461 – –

Concomitant medications

Insulin 4 3,427 0.85 0.59–1.22 0.386 96 75.33 (<0.001)

Other oral antidiabetic treatment 4 1,948 1.50 1.22–1.85 < 0.001 85.8 21.06 (<0.001)

Chloroquine/hydroxychloroquine 2 80 0.75 0.31–1.83 0.522 65.4 2.89 (0.089)

Anticoagulants 4 2,977 0.70 0.53–0.94 0.015 93 42.67 (<0.001)

Glucocorticoids/steroids 4 1,948 0.80 0.56–1.16 0.240 90.7 32.14 (<0.001)

Β-blockers 2 4,268 0.82 0.61–1.11 0.203 96.6 29.17 (<0.001)

Antibacterial treatment 2 1,058 1.00 0.90–1.10 0.975 0 0 (0.986)
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Diabetes forms an important risk factor to predict the
adverse outcomes.1 Several studies have demonstrated
high mortality rate in type 2 diabetes mellitus
patients1,5,6,24; however, the effect of antidiabetics on the
mortality remains to be elucidated.25 Thus, the present
meta-analysis was conducted to assess the association of
metformin use with mortality in COVID-19 patients. The
present meta-analysis was based on data from nine studies
on COVID-19 patients. The analysis demonstrated lower
mortality in the group receiving metformin; however, no
significant difference in hospitalization days was observed
between the two groups. The analysis also revealed signifi-
cant difference in the prevalence of obesity, hypertension,
heart failure, cerebrovascular disease and COPD. No signifi-
cant differencewas observed in clinical severity between the
two groups.

Several retrospective cohort studies have demonstrated
low mortality in patients receiving metformin.15,17,24,25 In
line with our findings, other meta-analysis have revealed a
significantly lower mortality in patients receiving metfor-
min.7,26 Retrospective cohort studies have shown metformin
use to be an independent factor associatedwithmortality.16,20

However, retrospective cohort studies have revealed no differ-
ence in hospitalization days.20,21Additionally, no difference in
the clinical severity between the groups receiving and not
receiving metformin was revealed in retrospective cohort
studies.15,21 Furthermore, retrospective cohort studies have
reported a lower number of patients with obesity,17 hyper-
tension,17,22 heart failure,19,22 cerebrovascular disease,19 and
COPD22 in patients receiving metformin.

The potential mechanisms underlying the reduction of
mortality bymetformin inCOVID-19patients remainunclear.7

However, several mechanisms have been proposed for the
same. Metformin is thought to increase the expression of
angiotensin converting enzyme 2 (ACE2),2,27–29 a receptor
for severe acute respiratory syndrome coronavirus 2.2Metfor-
min has been demonstrated to activate adenosinemonophos-
phate-activated protein kinase (AMPK) in in vitro and in vivo
experiments,2,7 thus regulating ACE2 and protein stability.2

Activation of AMPK further leads to the inhibition of nuclear
factor kappa B (NF-kB), which is a transcription regulator
involved in inflammation. Inhibition of NF-kB subsequently
inhibits the production of proinflammatory cytokines, such as

interleukins 8 and 1α.7 Metformin is also suggested to have
antithromboticeffects. Evidence suggests excessive inflamma-
tory responses as well as disseminated thromboembolic
events are associated with increased mortality in COVID-19
patients.30 Therefore, metformin is suggested to have benefi-
cial effect by its antifibrinolytic activities30 and inhibiting
the cytokine storm in COVID-19 patients.7 Additionally, met-
formin induces autophagy, thus controlling inflammation and
activating innate and adaptive immunity.31 Furthermore,
metformin is suggested to act on Naþ/Hþ exchangers and
vacuolar ATPase, subsequently inhibiting viral infection by
raising the cellular pH leading to interference with the endo-
cytic cycle.

This study had several limitations. A small number of
studies have been included in the meta-analysis; retrospec-
tive cohort studies were included, and substantial hetero-
geneity was observed among the studies, which poses a
significant limitation for the conclusions drawn. Although
an extensive search was done, studies might have been
missed inadvertently. Exclusion of studies in languages
other than English might have resulted in missing of rele-
vant studies.

Conclusion

To conclude, our findings suggest that metformin may con-
tribute to reduced mortality in COVID-19 patients. However,
randomized studies demonstrating the effects ofmetformin in
COVID-19 are needed to support clinical recommendations of
metformin in high-risk population. Further investigations are
warranted to look into the likelihood of metformin improving
prognosis of COVID-19.
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Table 3 (Continued)

Outcomes No. of
studies

Sample
size

RR 95% CI p-value I-squared
(%)

Heterogeneity
statistic (p-value)

Statins 3 5,698 1.15 1.05–1.27 0.004 65.4 5.79 (0.055)

Diuretics 1 989 0.69 0.63–0.756 < 0.001 – –

ARBs and/or ACE inhibitors 2 5,137 1.22 1.01–1.46 0.037 95.2 20.64 (<0.001)

Antiplatelet 2 1,999 0.91 0.84–0.98 0.010 0 0.26 (0.611)

Antivirals 3 796 1.08 1.03–1.13 0.001 0 1.24 (0.5307

Overall 33 30,325 0.95 0.86–1.04 0.276 96.8 1,008.44 (<0.001)

Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blockers; CI, confidence interval; COPD, chronic obstructive
pulmonary disease; RR, relative risk.
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Introduction

Hemophilia, a sex-linked inherited disorder characterized by
recurrent bleedings due to the deficiency of clotting factor
VIII (hemophilia A) and IX (hemophilia B) in blood, manifests

mostly in males though it is occasionally seen in females too.
In one-third of the cases, spontaneous mutation has been
reported. Frequent bleeding into the joints, muscles, or soft
tissues may cause severe problems which may later cause
serious disabilities in the joints. Excessive bleeding following

Keywords

► home care
► self-infusion
► prophylaxis

treatment
► economic and

traveling burden

Abstract Purpose: Home-based prophylaxis in hemophilia facilitates the treatment of patients
with hemophilia (PwH) at home resulting in an improved quality of life, experiencing
less pain and greater flexibility in daily activities. This literature studies the cost
effectivity and adherence to prophylaxis treatment after the implementation of home-
based prophylaxis therapy in PwH registered under the Hemophilia Treatment Centre
(HTC) of Assam Medical College and Hospital.
Materials and Methods: PwH and their parents were advised for self/home infusion
after being trained by a medical professional for 6 months. Data were collected on the
skip in prophylaxis treatment by PwH and their traveling cost to access the prophylaxis
treatment before and after the implementation of home infusion, through question-
naire and telephonic interview.
Results: The mean number of days of skip in prophylaxis was significantly reduced
from 25 (�11) to 4 (�2) days after implementation of home infusion. The mean
transportation cost was also found to be significantly decreased from Rs. 3297 (�2251)
to 440 (�279). Before home/self-infusion, 77% of the registered PwH were found to
skip prophylaxis doses more than 12 times a year but after home infusion, no PwHwere
found to skip more than 12 doses a year.
Conclusion: Home therapy facilitates the PwH to strictly adhere to the prophylaxis
regime significantly reducing the skipping of doses to be administered to the PwH. The
risks of regular traveling and the burden of transportation expenditure to avail the
prophylaxis treatment was also found to be reduced significantly.
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trauma and surgery can be life threatening. Hemophilia is
treated with factor concentrate according to the deficient
factor in the blood. Treatment may be on demand but
prophylaxis therapy minimizes the chances of emergency
bleeding, pain and disability. Hemophilia treatment needs
lifelong clotting factor replacement.1 Prophylaxis therapy is
the gold standard and home therapy particularly empowers
patients with hemophilia (PwH) with effective manage-
ment.2 The World Federation of Hemophilia (WFH) guide-
lines recommend home management for PwH where
appropriate and possible.1 Home treatment refers to the
prevention, evaluation, and treatment of bleeding at home
by the PwH or their familymembers. It facilitates immediate
and early treatment, reducing pain and the risk of deformity
and hospitalizations associated with complications.3,4 Intra-
venous infusion of factor concentrate is one of the most
important home therapies. Early treatment of bleeds due to
home infusion can reduce the long-term effect of joint
haemorrhages.5 Another problem of treating hemophilia is
the burden of huge expenses the patients and their family
members has to bear to avail the treatment. Of all expenses,
the cost of factor concentrate is the keystone of management
shares 90% of the economic load.6 However, now a days
factor concentrate are being served free for treatment by the
government of various states. Thus, this issue no further
seems to be a burden in the management of hemophilia.
However, some other new challenges in affording the treat-
ment comes intoview that includes expenditures formedical
care, transportation charges in repeated clinical visits, and
non-medical home services. In our study, some of the PwH
are from remote areas of Arunachal Pradesh, Nagaland, and
Dimapur and theyexperiencesfinancial problem in affording
the transportation cost for regular prophylaxis in the Hemo-
philia Treatment Centre (HTC) of AssamMedical College and
Hospital. Traveling long distances to avail the treatment may
risk their health for which there may be negligence in the
treatment. Thus, we conceptualized the idea of home thera-
py and later during the lockdown of 2020 due to the novel
coronavirus, home therapy was aggressively up taken by
almost all the PwHand their parents as it became a necessary
for the continuation of regular prophylaxis at their home.
This study provides an insight of implementation of
self/home infusion and its impact in the adherence to the
prophylaxis regime by PwH/CwH. It also focuses on the
transportation cost that a PwH and their parents has to
bear to avail the treatment to continue prophylaxis. Studies
found that children on home treatment experienced de-
creased hospitalization and better adherence to the prophy-
laxis regime, less days of absence from school, better
integration with peer groups, and less pain.5,7,8 Adult men
reported better quality of life as well, including greater
feelings of self-sufficiency and self-confidence, less work
absenteeism, more employment stability, and less negative
emotions such as fear, anger, and depression.9–12 In this
study, we wanted to evaluate the adherence to prophylaxis
treatment in PwH after implementation of home infusion
therapy. We also wanted to evaluate the cost effectivity of
home infusion therapy.

Materials and Methods

This is a retrospective study conducted over a period of
5 years with 94 PwH registered under HTC of AssamMedical
College and Hospital. The HTC of Assam Medical College
includes a team of hematologists, pediatricians, trained
nurses, social workers, physiotherapists, orthopedists, and
dentists to provide necessary care to the PwH. OPDs are
conducted bimonthly, where necessary treatments were
provided to the PwH/CwH. Factor concentrate doses are
provided to them for the treatment of bleed and continuation
of prophylaxis regime.

The study included 94 subjects registered under Hemo-
philia Treatment Center (HTC) of AssamMedical College and
Hospital, undergoing prophylaxis treatment, aged between 8
and 35years. All subjects and their parents were trained for
self or home infusion by trainedmedical professionals at HTC
for 6 months. PwH were trained for self-infusion, and the
parents of CwH were trained to infuse their child as per the
calculated dose prescribed by doctors of HTC. In case of any
emergency bleeding, the PwH and their parents were ad-
vised to infuse factor at the very first suspected sign of
clinical bleeding. Along with factor infusion, the PwH and
their parents were also trained for appropriate documenta-
tion of the treatment records of factor dosage used, correct
storage, and handling of the products, careful preparation of
factor concentrate and disposal of infusion equipment. Dur-
ing the training period, positive home therapy experiences
were shared among the PwH and their family members to
increase their self confidence in executing home therapy and
function effectively in the face of any emergency. The PwH
and the parents were first allowed for infusion under the
supervision of medical professionals and after four or five
successful infusion at HTC, they were supplied with the
required amount of factors for home infusion. Data were
collected based on a questionnaire and telephonic interview
for doses of factor used by them for prophylaxis in HTC or
local medical centers before they were being trained for
home infusion. Proper consent was obtained from each PwH
after providing the detailed information about the study. A
questionnaire was prepared that included personal history,
family history, socioeconomic status, travel details, details of
financial expenditure incurred during hospital visits, joint
bleeding (ABR-annual bleeding rate), HJHS (hemophilia joint
health score), functional assessment that were obtained
from each PwH enrolled for the study. Records of
self/home infusion were obtained from the record book
maintained by the PwHand their parentswhen they perform
factor infusion at home according to the provided prophy-
laxis regime by the physician. Bleeding rates and cost of
transportation per prophylaxis treatment in HTC were also
recorded by the PwH. Transportation cost was calculated by
taking into account the cost of transport per unit distance
travelled in rupees per month. Records of the skip in prophy-
laxis treatment were collected from the maintained records
books of the PwH/CwH. Although PwH executes home
therapy after proper training, all the PwH were called at
least once every month to the treatment center for clinical
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examination by doctors, physiotherapists, dental surgeons to
minimize any possible internal bleeds or to improve the joint
health. Orthopedic expert opinion was taken on individual
case-based issues as and when needed.

Statistical Analysis

Statistical analysis was done using SPSS 16 (available at the
institution where the study was carried on). Data have been
summarized as mean and standard deviation for numerical
variables and numbers (percentage) for categorical variables.
Chi square test and paired - sample t-test were used for the
test of significancebetween two groups. Probability (p) value
<0.001 was considered statistically significant.

Results

Distribution of studied population across Assam and nearby
states (Arunachal Pradesh and Nagaland) was shown in the
map by Google My Maps (►Fig. 1). During the study period,
77% of the PwH were found to involve actively in home
infusion by 2020 (►Table 1), out of which 43% were involved
in self infusion of factor, i.e., the PwHs of this category could
inject factor concentrates by themselves. They usually in-
cluded school going children and teenagers. Also, 34%
depends on their family members (parents, guardians, etc.)
for factor infusion at home, and they were categorized as the
PwH with home infusion. They included mostly the small
children. Rest 23% had to depend on health professionals to
avail the treatment (►Fig. 2). After the implementation of
home therapy, a significant reduction in transportation cost
was seen. Before the practice of home infusion, themean cost
of transportation to avail the treatment was Rs. 3297 (2251),
which got significantly reduced to Rs. 440 (279) (►Table 2).

Fig. 1 Geographical distribution of patients across upper Assam and neighboring states (Arunachal Pradesh and Nagaland). Google My Maps:
Google LLC, Amphitheatre Parkway, Mountain view, CA 94043, USA.

Table 1 Table showing the implementation of home Infusion
in the above years

Year % of implementation
of Home/self-infusion

2016 2

2017 4

2018 5

2019 9

2020 77

Fig. 2 Proportion of PwH undergoing prophylaxis treatment based
on factor infusion.
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Also, 48 (51%) of the registered PwH has an expenditure of
more than 2400 rupees per month in receiving prophylaxis
treatment while after home infusion, no PwH were found to
expend more than Rs 2400 in a month in transportation to
continue prophylaxis and 83 (88%) were found to expend
below Rs 800, which was the minimum transportation cost
per distance that a PwH has to bear (►Table 3). It is because
regular visit to the HTC for prophylaxis factor infusion was
not required after the implementation of home infusion.
Earlier PwH/CwH solely depend on medical professionals,
and they visit HTC twice a week along with their parent or
relative for factor infusion for which the cost of transporta-
tion was very high but after implementation of home infu-
sion their visit to HTC got reduced to once a month, which
significantly reduced the cost.

Home infusion also reduced the number of days of skip in
prophylaxis treatment, significantly from 25 (11) days to 4
(2) days (►Table 2). Also, 56 (60%) of the subjects did not skip
any prophylaxis doses after the implementation of home
infusion, strictly adhering to the prescribed treatment re-
gime (►Table 4). Then, 72 subjects were found to skip
prophylaxis treatment prescribed by the physician more
than 12 times a year before the practice of home infusion
whereas after implementing it, no subjects were found to
skip more than 12 prophylaxis treatment in a year. This
indicates that home-infusion facilitated the PwH/CwH to
stick to the prophylaxis regime more strictly, skipping less
doses. However, it can be seen from the table that 38 (40%)
studied subjects were still found to skip doses of prophylaxis
treatment, with a maximum of one to three skip per year by
21 (22%) PwH/CwH.

Discussion

The benefits of prophylaxis treatment in decreasing the
bleeding rates, joint damage, and improving the quality of
life are dependent on adherence to the prescribed treatment
regimie.13–15 Patients with low adherence rates are found to
experience more bleeds.16 Although home infusion has
improved the quality of life of these PwH to a large extent
but still it could be seen that 19% of PwH are still dependent
on medical personnel and 4% still visits HTC for factor
infusion. This may be due to the lack of confidence due to
failed venipunctures and insufficient knowledge in using the
venous access device. Some PwH also stated that they were

Table 2 Mean and standard deviation of transportation cost
and skip in prophylaxis treatment before and after
implementation of home infusion

Parameters Before home
infusion
Mean (�SD)

After home
infusion
Mean (�SD)

P-value

Skip in day of
prophylaxis
treatment

25 (�11) 4(�2) <0.001

Transportation
cost in Rupees

3297(�2251) 440(�279) <0.001

Note: Values are presented as mean (�standard deviation).
p-Value calculated by paired simple t-test.

Table 3 Transportation fare in PwH before and after implementation of home infusion

Transportation cost (Rs) No. of PwH, before implementation
of home infusion, n (%)

No. of PwH, after implementation
of home infusion n (%)

p-Value

0- 800 11 (12) 83 (88) <0.001

801- 1600 13 (14) 9 (10)

1601- 2400 22 (23) 2 (2)

more than 2400 48 (51) 0 (0)

Total 94 (100) 94 (100)

Note: Values are presented as number and percentage.
p-Value calculated by chi-square test.

Table 4 Skip in prophylaxis doses before and after implementation of home infusion

(Number of Skip/year) No. of patient undergoing
prophylaxis at HTC n (%)

No. of patient undergoing
prophylaxis at home n (%)

p-Value

No skip 0 (0) 56 (60) <0.001

1-3 skip 1 (1) 21 (22)

4-6 skip 4 (4) 6 (6)

7-9 skip 3 (3) 5 (5)

9- 12 skip 14 (15) 6 (6)

More than 12 times skip 72 (77) 0 (0)

Note: Values are presented as number and percentage.
p-Value chi square test.
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afraid of self-infusion without proper guidance. However,
literature shows nonadherence to prophylaxis treatment
regimemay be intentionalwhere patientsmakes a deliberate
decision of not taking factors or it may be unintentional
usually due to forgetting.16 PwH with mild bleeding pheno-
types suffer from less bleeds and therefore they are more
relaxed and less concern about the treatment and the possi-
ble severe outcome of illness.17

Another critical challenge of skipping prophylaxis is the
cost of treatment, which also proved to be one of the
significant barrier.18 PwH intentionally skip prophylaxis
treatment to reduce the economic burden. Socioeconomic
factors including family size, family structure, social support,
income, literacy, and culture norms also affects the family’s
ability to understand the disease and its consequences and
patient willingness to accept treatment recommendations.19

These challenges can be overcome by repeated education
about the need of prophylaxis treatment for improving the
disease consequences. Self-care and home infusion must be
promoted for better adherence to the prophylaxis treatment
and management of bleeding episodes. Continuous practice
of self-infusion under the supervision of medical professio-
nals, adequate education, training, and support fromHTC can
encourage them to take responsibility for their own health
and risk behaviors. Patient awareness camp should be done
to advocate the PwH and their family members about
hemophilia to access the safe and effective treatments and
benefits of the prophylaxis treatment and how the strict
adherence to it can help the PwH to lead a normal and
healthy life.

The families of PwH in the study were seen to approve the
benefits of training for home therapy. They believed home
infusion facilitated early treatment minimizing the emer-
gency problems and their life are better controlled than
before. During the ongoing pandemic and prevailing lock-
down, the PwH and their parents were bound to self-infuse
the factor concentrates and thus could minimize their bleed-
ing episodes to a great extent. Studies also showed that the
number of hospitalization due to emergency bleeds
decreases after implementing the home infusion of factors.4

Previous study on regular prophylaxis showed less absen-
teeism from work and school, more active social participa-
tion, and more employment stability in PwH.20,21 Home
infusion was also found to be cost beneficial to the PwH
and their families. It substantially reduced the transporta-
tion cost that PwH has to bear for prophylaxis treatment at
HTC. PwH from remote and distant areas found difficulties in
travelling mainly during active bleeds, which compelled
them for home infusion. Earlier PwH were found to travel
twice a week to receive their prophylaxis doses, which
substantially reduced to once a month after full implemen-
tation of home infusion.

A 2-year crossover study of home versus hospital-based
treatment in 36 childrenwith hemophilia A and B found that
more products were used during home care and that it was
given with significantly shorter delay from the onset of
bleeding.22 Children missed only 2.5 days of school for
each bleeding episode treated at home, compared with 6.2

days for hospital-based care.3 Studies demonstrated the
success of home therapy in reducing the bleeding episodes
that have created a boon to the life of PwH.5,7,8,21

For effective implementation of home infusion for a better
quality of life, hemophilia nurses could set the example of
those patients and families as peer educators who had
carried out better home therapy and conduct peer education
focused on experience-sharing. Peer-based home therapy
education may compensate for the lack of confidence and
doubts and therefore may be an appropriate approach to
promote the self/home infusion in these PwH.

Home infusion facilitated a cost beneficial treatment.
Repeated visit to HTC for prophylaxis is a burden to PwH
and their families. Distance and cost are the barriers for most
of the PwH belonging to the remote areas during emergency
bleed and they found home infusion has helped them to
reduces the time of treatment and cost of transportation they
have to bear for continuing prophylaxis treatment.

The burden of routine traveling for prophylactic infusion of
factor concentrates during the pandemic of COVID 19 was
reduced due to home infusion. Most PwH could perform
home/self-infusion with ease. Home infusion training in-
creased the confidence level of the patient and their parents
as they became a part of the treatment. Although home
infusion/self-infusion was mainly adopted as the only way of
treatment during the pandemic but this strategy was contin-
ued tobeencouragedbyour treatmentcenter for their obvious
benefits innumberofways.A routinemonthlycheckupofeach
PwH by the health experts of HTC also helped them to reduce
the emergency bleeding episodes and improved the joint
bleeds. Moreover, by adopting home infusion of factor con-
centrates, these PwH became proactive and also encourage
new PwHand their family members to execute home therapy,
which can benefit them to a great extent at the time of
emergency and lead a normal healthy life.

Conclusion

Home management care in hemophilia improves the quality
of life in PwH as it helped in better adherence to the
treatment regime that resulted in less pain and greater
flexibility in daily activities, less financial burden, less ab-
senteeism from school and work, and can engage more
actively on their daily activities without the fear of being
bleeding unconsciously.5,7,8,21 The success of home infusions
shifted the dependency of PwH on health professionals to
their familymembers and also reduced the expenditure cost,
time, and potential risk of health of PwH belonging to distant
area. Although similar studies were carried out in different
parts of the world but the results of this study will reinforce
such treatment options in difficult areas such as hilly and
remote areas of North Eastern part of India.
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Abstract Objectives: Diabetes mellitus (DM) seems the most common predisposing factor for
rhino-orbito-cerebral mucormycosis (ROCM). This study aimed to study the impact of
DM on the severity of COVID-19-associated ROCM (CAM).
Methods: This was a retrospective analytical study performed over a period of
3 months to assess the impact of DM on the severity of CAM in 100 patients and
association of clinical correlates of DM with severity of CAM.
Statistical analysis: The data collected using the study tools were converted into a
computer-based spreadsheet and analyzed. The statistical analysis comprised a
descriptive analysis that involved calculating means, standard deviations, and propor-
tions. For calculating the significance of the difference of mean between two groups,
Student’s t-test was applied. In addition, chi-square test (or Fisher’s t-test if applicable)
was applied to study the significance of association of clinical correlates of DM with
severity of CAM for categorical variables and t-test for continuous variables.
Results: The prevalence of DM was 67%. The average presenting blood sugar level
was 245.9�99.86mg%. Glycated hemoglobin level between 4.5 and 6.5% was
observed in 57 patients and over 6.5% in 43 subjects. A high body mass index (BMI)
of 25 and above was noted in 52 patients. A significantly higher level of presenting
blood sugar and a longer duration of hospital stay was noted in patients having stage 3b
or higher (p<0.05) when compared with those having stage 3a or below. No significant
correlation was observed in patients in stage 3a or below and those presenting with
stage 3b or higher in terms of BMI, waist to hip ratio, or total cholesterol levels. There
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Introduction

A recent increase in the number of cases of rhino-orbito-
cerebral mucormycosis (ROCM) amidst the COVID-19 pan-
demic is a matter of concern. Most cases were observed in
patients suffering from diabetes mellitus (DM) especially in
the ones who had poor metabolic control of diabetes and/or
had severe underlying COVID-19.1 Mucormycosis is a poten-
tially fatal disease characterized by vascular invasion due to
saprophytic fungi that belong to the order Mucorales. The
fungus is ubiquitously present in the environment, flour-
ishes in the Indian soils, and therefore India has the highest
number of cases of mucormycosis in the world with a
prevalence of 0.14 cases per 1000 population.2

Rhizopus arrhizus (most common), Rhizopusmicrospores, and
Rhizopus homothallicus are among the common species respon-
sibleforcausingmucormycosis in Indiaandtherestof theworld.3

The commonest type ofmucormycosis observed in India include
ROCM (45�74%), followed by cutaneous form (10�31%), pul-
monary (3�22%), gastrointestinal (2�8%), disseminated and
renal type (0.5�9%).3However, rhino-orbital (ROM) and ROCM
account for the majority of cases (89%) of mucormycosis pre-
senting in India amidst the COVID-19 pandemic. Pulmonary and
disseminated types are also observed (10%).4,5

A recent study by John et al reported a series of ROM in
patients who were documented to be nondiabetic prior to
contracting COVID-19 and later diagnosed with diabetes mel-
litus of recent onset. Diabetes mellitus was uncontrolled in
about 67% of the patients and 94% of the patients had a mean
glycated hemoglobin (HbA1c) of 10% reflecting a poor control
of DM. Mucormycosis is aptly addressed as diabetes-defining
illness. Recently, it was reported that about 77% cases of ROCM
are observed in patients diagnosed with diabetes mellitus.3

Data from 18 countries reiterated the fact that diabetes is the
predominant risk factor (95.2%) responsible for causing
COVID-19 associated rhino-orbito-cerebral mucormycosis
(CAM) cases in India, with uncontrolled or poorly controlled
diabetes (80.3%) being the commonest presentation and dia-
betic ketoacidosis (DKA) was observed in 41% of cases.6 A
systematic review of 101 cases of CAM further strengthened
the observation that themajority (81%) of the caseswere from
India and 83%of the subjects had underlying hyperglycemia at
presentation. Diabetic ketoacidosis was seen in 15% of the
cases. Also, 76.3% of the patients received corticosteroid
therapy for treatment of COVID-19.7

Materials and Methods

This study aimed to evaluate the impact of DM and its clinical
correlates on the severity of CAM. The primary objective of

the research was to assess the prevalence of DM in patients
with CAM. The secondary objective was to assess the impact
of diabetes mellitus on the severity of CAM and determine
the association of clinical correlates of DM with the severity
of CAM. The study was conducted in the Department of
Ophthalmology, Department of Medicine, and Department
of Otorhinolaryngology at a tertiary care center in Delhi. The
records of the patients who got admitted between Au-
gust 2021 and October 2021 were analyzed. This was a
retrospective, analytical study. Institutional Ethics Commit-
tee–Human Research (IEC-HR) approval was taken and sub-
ject confidentiality and anonymity was maintained in all
cases. The studywas conducted according to the principles of
the Declaration of Helsinki. There are no conflicts of interest
or financial disclosures. The patients included in the study
comprised confirmed cases/suspected cases of COVID-19
who presented with either clinical, radiological, microbio-
logical, cytopathological, or histopathological evidence sug-
gestive of mucormycosis. The patients excluded from the
study were those with no clinical, radiological, microbiolog-
ical, cytopathological/histopathological evidence suggestive
of ROM; patients with HIV-positive status; patients on any
form of immunosuppression including cancer chemotherapy
and those under the age of 18 years.

All hospital records of subjects fulfilling the inclusion
criteria over a time period between August 2021 and Octo-
ber 2021 were retrieved and studied. Hospital records with
only complete information on the variables of interest of the
current study, with no missing data, were analyzed eventu-
ally. There was no sampling involved. The number of such
case records during the stipulated periodwas approximately
100. The patients were placed in two groups based on the
severity of mucormycosis for the purpose of statistical
analysis. The groups were divided into stage 3a and below
and those with stage 3b (diffuse orbital involvement) and/or
higher. Further patients with nasal and/or sinus involvement
(Stages 1 and 2 as per classification—less severe variety)were
compared with those presenting with orbital and/or intra-
cranial extension (Stages 3 and 4), being the more severe
variety. The diagnosis of DM was decided on the basis of
patient history or the HbA1c values. The diagnosis of Diabe-
tes was done as per American Diabetes Association (ADA)
guidelines- Fasting blood sugar (FBS) � 126mg/dL, 2 hours
post prandial blood sugar (PPBS) � 200mg/dL or HbA1c �
6.5%.8 The recent onset diabetes mellitus was defined as FBS
� 126mg/dL or 2hours PPBS � 200mg/dL, which was
diagnosed first time during the present illness with a nega-
tive history of diabetes or a history of normal glycated
hemoglobin level and no history of steroid use.9 The steroid

was a strong correlation between blood sugar level at presentation, severity of DMwith
the severity of ROCM, and a strong inverse correlation noted between HDL level and
severity of ROCM.
Conclusion: A poor metabolic control is associated with a higher risk of a severe
disease with intracranial involvement.
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induced diabetesmellitus was diagnosed as FBS� 126mg/dL
or 2hours PPBS � 200mg/dL diagnosed first time during the
present illness with the history of use of steroids with no
prior history of diabetes or raised glycated hemoglobin
levels.10

Clinical history of the cases including history of COVID-19,
comorbiditieswere obtained as per records. General physical
examination including blood pressure,measurement of body
mass index (BMI), waist circumference as clinical correlates
of diabetes were tabulated based on the records. Reports of
the routine biochemical test including glycemic control
indices (fasting blood sugar, postprandial blood sugar,
HbA1c), serum lipid profile, and HIV status of the cases
was retrieved from records. The severity of mucormycosis
was staged based on the classification proposed by Honavar
et al.11

Stage 1 (1a, 1b, 1c) had involvement of the nasal mucosa
Stage 2 (2a, 2b, 2c, 2d) had involvement of the paranasal
sinuses
Stage 3 had orbital involvement:
Stage 3a- Nasolacrimal duct, medial orbit, vision unaf-
fected; 3b-diffuse orbital involvement, vision unaffected;
Stage 3c-central retinal or ophthalmic artery occlusion or
superior ophthalmic vein thrombosis, involvement of the
superior or inferior orbital fissure, orbital apex with loss
of vision; Stage 3d-bilateral orbital involvement
Stage 4-had involvement of the central nervous system
(CNS) with the disease.

The outcome measures of the study were ascertained
based on the difference in severity grading of CAM at
presentation among patients with DM and those without
diabetes. Further the hospitalization duration, requirement
of critical care, surgical intervention, and mortality between
the patients with DM was studied.

Statistical analysis: The data that were collected using the
study tools were converted into a computer-based spread-
sheet and analyzed. The statistical analysis comprised a

descriptive analysis that involved calculating means, stan-
dard deviations, and proportions. For calculating the signifi-
cance of difference in the mean HbA1c level between the
groups based on the severity of CAM, Student’s t-test was
applied. In addition, chi-square test (or Fisher’s t-test if
applicable) was applied to study the significance of associa-
tion of clinical correlates of DM with severity of CAM for
categorical variables and t-test for continuous variables.

Results

The prevalence of diagnosed DM was 67% in this study,
ignoring the recent onset and the steroid induced DM
(n¼11). All diagnosed DM patients were of type 2 DM and
the average duration of diabetes was 3.78 years (30.4 days–-
24 years). Twenty-two subjects were not diabetic. Out of a
total of 100 patients (male-61, female-39) included in the
study population with an average age of 52.1�11.29 years
(25 to 78 years), 31 were aged 60 years or above (geriatric
population) and 69 were under the age of 60 years.►Table 1

shows the demographic profile of the patients. Stage wise
distribution was performed based on the staging criteria in
100 patients (stage 2-18, stage 3a-25, stage 3b-19, stage 3c-
23, stage 4-15). Positive history for COVID-19 or positive
testing on RTPCR/RAT was observed in 49 patients. Thirty-
five patients had a history of steroid consumption for COVID-
19. Sixty-four patients were receiving oral hypoglycemic
medications, three were on insulin and six were on combi-
nation therapy of both oral medications and insulin for
control of the blood sugar levels. Recently diagnosed DM
or DMas a result of steroid administrationwas noted in three
(27.3%) and eight (72.7%) patients respectively. The average
presenting blood sugar level was 245.9�99.86mg% (100–
578mg%). Glycated hemoglobin level between 4.5 and
6.5%was observed in 57 patients and over 6.5% in 43 subjects.
The average HbA1c level in 100 patients was 6.5�1.37%
(4.6–12.3%). ►Figure 1 shows the correlation between the
severity of diabetes as measured by the HbA1c level and the
severity of ROCM as measured by the stage. Bodymass index
(BMI) of 25 and above was considered as being overweight
that got observed in 52 patients. Total cholesterol, high
density lipids and serum triglycerides were raised in 2,
100, and 38 patients, respectively. Based on theWorld Health
Organization (WHO) criteria, a waist to hip ratio of over 102
in men and over 88 in women was considered abnormal.12

For Asians, a level of (men >90, female> 80) was consid-
ered as abnormal. Thiswas raised in 53 and 98 patients based
on the WHO and Asian criteria, respectively. Ninety-six
patients underwent sinonasal debridement (external
and/or endoscopic) and 17 were subjected to orbital
exenteration.►Table 2 highlights the mean value for various
parameters that were studied. Table 2 also gives the correla-
tion between severity of diabetes and severity of rhino-
orbital mucormycosis and association of severity of ROM
with other cofactors. Various parameters were compared for
patients having stage 3a and below, i. e., stage 2 when
compared with stage 3b and higher. A significantly higher
level of presenting blood sugar levels (value ¼0.017) and a

Fig. 1 Correlation between severity of diabetes (as measured by the
HbA1c level) and severity of Rhino-orbital mucormycosis (as mea-
sured by the stage).
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Table 1 Profile of patients presenting with CAM

Parameter n¼ 100 Observation

Geriatric Yes–31, No-69

Gender Male-61, females-39

Stage of ROCM Stage 2-18
Stage 3a-25
Stage 3b-19
Stage 3c-23
Stage 4-15

Diabetes mellitus (DM) Diagnosed DM- 67/100 (67%); Recent-onset and steroid
induced- 11; No DM -22

Comorbidities

Hypertension No- 87, Yes- 13

Coronary artery disease; Hypothyroidism;
Past tuberculosis;
Hepatitis B; HIV

Yes- 4, No- 96;
Yes-3, No-97;
Yes-2, No-98;
Yes-1, No-99; HIV positive -1

Positive history for COVID-19/currently positive Yes-49, No-51

History of steroid intake Yes-35, No-65

Type of steroid intake Oral-9
Intravenous-19
Both Oral/IV-7

Antidiabetic medication Oral-64
Insulin-3
Oral and insulin-6

Insulin requirement during hospitalization Yes-83, No-17

HbA1c Level 4.5-6.5%- 57
Level> 6.5%- 43

Body mass index (BMI) < 25-48/100 (48%)
� 25-52/100 (52%)

Cholesterol>200
High density lipid (HDL)-men>40, female> 50
Triglyceride (TG) level >150

Total cholesterol
Elevated-23
Normal-77
HDL
Low levels-100
TG
Elevated-38, Normal-62

Waist to hip ratio (WHO criteria) men >102, Female>88;
for Asians (men> 90, female>80)

Following WHO criteria-
Increased–53
Not increased- 47
Following Asian criteria
Increased-98
Not increased-2

Treatment

Status of treatment Critical care-16
Routine management without critical care-84
Discharged-97
Death-3

No operative procedure
Endoscopic sinonasal debridement (SND)
External SND/maxillectomy
Exenteration
Neurosurgical procedure

No operative procedure-2
No surgery done as was unfit for Surgery-1
Endoscopic sinonasal debridement (SND)-19
Endoscopic and external SND-2
External SND/maxillectomy-59
External SND and exenteration-16

Exenteration Done Yes-17, No-83

Annals of the National Academy of Medical Sciences (India) Vol. 59 No. 1/2023 © 2023. National Academy of Medical Sciences (India). All rights reserved.

Diabetes Mellitus in COVID-19-Associated ROCM Madan et al.30



longer duration of hospital stay (p¼0.00) was noted in
patients having stage 3b or higher (p<0.05) when compared
with those having stage 3a or below. The patients with stage
3b, 3c, or 4 had a significantly lower levels of high-density
lipoprotein when compared with the patients having stage
3a or below (p¼0.020). A significantly higher number of
patients (n¼50 [61.7%]) who had DM had presentationwith
stage 3b or above (p¼0.049). Further the patients who had
diagnosed DM [n¼42 (62.7%)] presented with stage 3b or
above (p¼0.021). A significantly (p¼0.005) higher level of
presenting blood sugar over 200mg% was noted in patients
(n¼40 [69.0%]) who presented with stage 3b or higher as
were significantly higher levels (p¼0.008) of HbA1c over
6.5% (n¼31 [72.1%]) at presentation (►Table 3). No signifi-
cant correlationwas observed in patients in stage 3a or below
and those presenting with stage 3b or higher in terms of BMI,
waist to hip ratio, or total cholesterol levels. 53.5% of those
with high HbA1c (� 6.5%) were overweight (as per the WHO
classification) or obese (as per recommended classification
for Asian Indians, JAPI, Misra et al, 2009).12 Also, 60.5% had
central obesity, by waist circumference (by the WHO cutoffs
of 102 cm for males and 88 cm for females) (98.0% if we take
as per the recommended classification for Asian Indians,
JAPI, Misra et al, 2009). Those with higher HbA1c were
significantly more likely to have Stage>3a (3b or higher)
(72.1%) as compared to those with normal HbA1c (45.6%),
p-value for difference¼0.008. Two deaths were reported
as outcome among the 57 patients with elevated HbA1c
(� 6.5%), as compared to one death among the 43 patients
with normal HbA1c. Regression analysis was performed
adjusting for confounding effect of BMI and gender and it
was observed that HbA1c remained a strong correlate with
severity of DM.

There was no statistically significant correlation between
patients who underwent exenteration when compared with
their age, gender, presence/absence of DM, positive history/
currently positive status for COVID-19 on testing, HbA1c

levels, or HIV status (p>0.05). However, when subjects
presenting with stage 2 and below were compared with
stage 3 and 4, the patients with stage 3, 4 had a significantly
higher BMI (p¼0.058), waist to hip ratio (p¼0.020), higher
cholesterol level (p¼0.011) and almost significantly higher
levels of presenting blood sugar (p¼0.070). As far as
the secondary objectives of the study are concerned, there
was a strong correlation between blood sugar level at pre-
sentation and the severity of ROM (Spearman’s rho¼0.260,
p¼0.009) and so was a strong inverse correlation noted
between HDL level and the severity of ROM (Spearman’s rho
¼�0.237, p¼0.018). All ROCM patients had low HDL levels.
The correlation between severity of diabetes (asmeasured by
the HbA1c level) and severity of rhino-orbital mucormycosis
(as measured by the stage) was found to be statistically
significant (Spearman’s rho¼0.282, p¼0.004). The associa-
tionwas direct in nature, higher HbA1cwas associatedwith a
higher stage).

Discussion

It is now established that diabetes is associated with a poor
prognosis of COVID-19.13,14 Several epidemiological studies
have reported that patients suffering from diabetes mellitus
are at a greater risk of getting hospitalized and also getting
admitted to critical care alongwith a higher risk of mortality
as a result of COVID-19.15–17 Mortality following the COVID-
19 pandemic is noted to be 1.49 to 3 times higher in the
individuals suffering from diabetes.18,19 It is also observed
that individuals from black, Asian and minority ethnic
(BAME) backgrounds are at a relatively higher risk of con-
tracting SARS CoV-2 and the risk of death was also observed
to be higher in the UK in those individuals suffering from
type 1 and type 2 diabetes. This possibly could be a con-
founding factor in the regional differences and higher preva-
lence of CAM observed in India after the second wave of
COVID-19.20–23 Newly diagnosed DM is commonly observed

Table 2 Mean values for various parameters and their correlation with severity of diabetes

Mean Std. deviation Minimum Maximum

Various parameters

Age (n¼ 100) 52.1 11.29 25 78

Interval between COVID-19 and
mucormycosis for those who had
known history of COVID-19 (n¼ 48)

28.0 15.48 3 65

Hospital stay for COVID-19 for
those who had some hospital stay (n¼ 25)

15.6 10.66 5 45

Blood sugar at presentation 245.9 99.86 100 578

HbA1c 6.5 1.37 4.6 12.3

Total hospital stay 66.7 14.68 42 102

BMI 25.6 4.40 16.81 38.14

TG 142.8 47.57 52 315

HDL 28.1 5.50 19 45

Total cholesterol 166.0 44.52 62 280
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in COVID-19 patients as reported in the literature.24,25 A
systematic review and meta-analysis of eight studies is
reported with regard to the proportion of newly diagnosed
diabetes in COVID-19 patients.26 Newly diagnosed diabetes
in this study was defined as new-onset diabetes without any
prior history of diabetes with fasting plasma glucose (FPG)�
7.0mmol/L or random blood glucose (RBG) � 11.1mmol/L
and HbA1c<6.5% or previously undiagnosed diabetes (FPG
� 7.0mmol/L or RBG � 11.1mmol/L and HbA1c � 6.5% or
HbA1c � 6.5% only.27 This is supported by reports showing
exceptionally high insulin requirements in severely or criti-

cally ill COVID-19 patients with diabetes.24,28 There exists a
complex mechanistic and clinical interplay between DM and
COVID-19.

The management guidelines for the treatment of COVID-
19 seem nonuniform in different centers/regions of the
country. This is reflected in routine clinical practice where
patients with different severity of COVID-19 receive intrave-
nous and oral steroids where the same may not be war-
ranted.29–31 Although dexamethasone gave a survival
benefit by reducing mortality in the patients affected with
COVID-19, the administration of corticosteroids remains a

Table 3 Association between various parameters with the stage of mucormycosis

Association between different variables and stage of mucor {0- Stage 2, 3a; 1- Stage 3b, 3c, 4)

Variable Type of variable Stage 2,3a Stage 3b, 3c, 4 p-Value

Geriatric age (y) Age<60
Age � 60

31 (44.9%)
12 (38.7%)

38 (55.1%)
19 (61.3%)

0.561

Gender Female
Male

16 (41.0%)
27 (44.3%)

23 (59.0%)
34 (55.7%)

0.750

Diabetes mellitus No DM
DM present

12 (63.2%)
31 (38.3%)

7 (36.8%)
50 (61.7%)

0.049

Hypertension No
Yes

39 (44.8%)
22 (44.9%)

30 (58.7%)
27 (55.1%)

0.340

Positive history for COVID-19 No
Yes

21 (41.2%)
62 (63.9%)

Yes- 75 (64.1%)
Yes- 35 (36.1%)

0.707

Whetder received steroids No
Yes

26 (40.0%)
17 (48.6%)

39 (60.0%)
18 (51.4%)

0.409

Diabetes mellitus No DM
Recent or Steroid induced

15 (68.2%)
3 (27.3%)

17 (31.8%)
8 (72.7%)

0.021

Diagnosed DM 25 (37.3%) 42 (62.7%)

Blood sugar at presentation
(Random blood sugar>200mg %)

No
Yes

25 (59.5%)
18 (31.0%)

17 (40.5%)
40 (69.0%)

0.005

HbA1c 4.5-6.5%
>6.5%

31 (54.4%)
12 (27.9%)

26 (45.6%)
31 (72.1%)

0.008

BMI < 25
�25

18 (37.5%)
25 (48.1%)

30 (62.5%)
27 (51.9%)

0.286

Waist to hip ratio
Men >102, Female> 88

Normal
High

19 (40.4%)
24 (45.3%)

28 (59.6%)
29 (54.7%)

0.624

Total cholesterol <200
>200

33 (42.9%)
10 (43.5%)

44 (57.1%)
13 (56.5%)

0.958

Staging {Stage 3a and below
(0) when compared witd
Stage 3b and higher (1)}

N Mean Std. deviation p-Value

Blood sugar at presentation 0 43 218.67 98.976 0.017

1 57 266.53 96.338

HbA1c 0 43 6.270 1.7013 0.101

1 57 6.725 1.0334

Total hospital Stay 0 43 60.86 12.176 0.000

1 57 71.21 14.929

BMI 0 43 26.1342 4.29388 0.385

1 57 25.3553 4.50383

HDL 0 43 29.60 5.368 0.020

1 57 27.04 5.392
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double-edged sword. This indiscriminate use of corticoste-
roids apart from other multiple factors has resulted in an
epidemic of COVID-19-associated mucormycosis, specifical-
ly the cases of ROCM. Severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2) is no longer an exclusive pul-
monary disease. It is shown to have involved the kidneys,
brain, cardiovascular system (heart), eyes in the form of
conjunctivitis, gastrointestinal and other endocrine
organs.29–31

It is reported that the destruction of the pancreatic β-cell
due to infectionwith the SARS CoV-2 causes dysregulation of
the metabolism resulting in the diabetogenic effect of the
virus.32 Involvement of the exocrine part of the pancreas
presents as pancreatitis, enlargement of the pancreas, and
alteration in the serum levels of amylase or lipase.33 COVID-
19 also accounts for impairment of insulin receptor signaling
along with a high degree of peripheral insulin resistance. All
these disturbances in the physiology of the pancreas mani-
fest in the form of elevated blood glucose levels in previously
nondiabetic individualswho contract COVID-19. At 6months
after being infected with COVID-19, an increase in the
burden of DM and use of oral hypoglycemic agents (OHA)
is reported.34 Recently, studies are reported in previously
non-diabetic individuals who contract COVID-19 presented
with CAM and have now developed diabetes mellitus of
recent onset.35–37 A global registry (COVIDiab) is set up to
characterize the uncommon features of new-onset DM that
are observed in COVID-19. In series of cases published on
reviewing the literature, the average age of patients is
reported to be from 35.9 to 60.5 years.37 The development
of CAM in previously healthy patients who do not have
underlying DM and are immunocompetent gives a pointer
to the fact that there exist possibly other etiopathogenetic
mechanisms that are responsible for this manifestation.
Alterations in the mucosal immunity in the nasal cavity
due to infection with SARS CoV-2 and loss of ciliary function
causing a reduction in the nasociliary clearance might result
in the proliferation of the fungal spores in the paranasal
sinuses and nasal cavity, the primary sites that harbor spores
of mucor.38,39 About 90.5% of patients suffering from CAM in
Egypt had underlying diabetes on admission. In another
study by Singh et al that had individuals mostly from India,
about 80% had diabetes mellitus and 76.3% were adminis-
tered corticosteroids.40 Dysregulation of the immune sys-
tem, cytokine storm, coagulation in the microvasculature
apart from thrombo-inflammation and immune exhaustion
are noted as result of diabetogenic state due to COVID-19.
Further, immunosuppression due to COVID-19 results in an
altered function of the CD4þ/CD8þ T cells and antigen-
presenting dendritic cells. These factors are conducive for
the proliferation of the fungus and development of
ROCM.27,41,42 Platelet-driven immunosuppression is in-
creasingly being recognized as a key factor in the etiopatho-
genesis of excessive COVID-19-related systemic
inflammation that results in systemic co-infections apart
from generalized immunosuppression.42,43

The existing literature on the research conducted on
dyslipidemia and COVID-19 is limited; however, it is shown

that dyslipidemiamay play a role in the severity of COVID-19
infection.44 Future studies are needed. Further dyslipidemia
in diabetes is observed in the form of high plasma triglycer-
ide, lowHDL cholesterol and increase in the concentration of
small dense LDL cholesterol levels. A higher concentration of
total cholesterol levels was noted in individuals with stage 3
and above and also was a higher mean HDL cholesterol level
noted in patients with stage 3b and above. This could be a
correlate of diabetes due to the associated dyslipidemia with
the disease or could possibly be a result of COVID-19-
associated dyslipidemia. Because the pre-COVID-19 lipid
levels in these patients are not available with the authors,
it seems uncertain to attribute this increase in the level of
lipids to DM or COVID-19. However, it is certain that higher
levels of total and HDL cholesterol were associated with a
worse stage of ROCM at presentation.

High mortality amongst the affected individuals due to
ROCM is known. About 60% mortality is reported despite
aggressive treatment and 46% of the subjects have perma-
nent blindness who survive.6 Surprisingly, the mortality rate
due to CAM (36.5%) is lower when compared to the literature
pertaining to the Indian population prior to the COVID-19
pandemic when the mortality reported was 52%.4 The lower
mortality rate is attributable to the improvement in the
diagnostic facilities andmultidisciplinary management. Ear-
ly sinonasal debridement is the key component of the
management apart from prompt initiation of the systemic
antifungal therapy, in the form of liposomal amphotericin B
(10mg/kg/day) intravenous for 6weeks, constitutes thefirst-
line treatmentwhile the patient awaits surgery. If the patient
is allergic to liposomal amphotericin B, intravenous/oral
posaconazole (300mg BID on day 1 followed by 300mg/day
for 6months) is administered. Metabolic control primarily of
the blood sugar levels is indispensable. Involvement of the
CNS carries poor prognosis as reported in the literature.6

The study is novel as it highlights the occurrence of severe
ROCM in patients who did not have a history of steroid
consumption for management of COVID-19. Further, only
one previous study exists that correlates serum lipid profile
with the severity of CAM, wherein the authors concluded
that a positive correlation exists between serum lipid profile
and staging of ROCM and a negative correlation is observed
between lipid levels with duration between onset of COVID-
19 to onset of ROCM. This study concludes that a higher
cholesterol level was noted in individuals presenting with a
more severe stage of ROCM and a strong inverse correlation
noted betweenHDL level and the severity of ROMwherein all
ROCM patients had low HDL levels. Comparison of BMI and
waist–hip ratio with severity of ROCM in this cohort of
patients is also a new parameter that was evaluated. A large
number of patients presenting to a single tertiary care center
is also a key highlight of this research.

The results of the study show a high prevalence of DM in
patients infected with mucormycosis who develop this fatal
disease in the background of COVID-19. A spurt in the
number of cases of ROCM to epidemic proportions was
observed by the authors at the tertiary care center catering
to over 300 patients who presented amidst the COVID-19
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pandemic. The study was, however, limited by the fact that
complete data for all patients was not available in the
medical records due to the retrospective nature of the study
and hence could not be evaluated completely.

Conclusions

A high prevalence of DM observed in this study reiterates
that ROCM is a diabetes-defining disease and the incidence of
ROCM increases in patients infectedwith SARS CoV-2. A poor
metabolic control is associatedwith a higher risk of intracra-
nial involvement. Prompt metabolic control with medical
management with antifungal medications along-with sino-
nasal debridement with or without orbital exenteration is
indispensable in reducing the mortality of the disease.
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Abstract Background The patient partnership is desirable for the optimal management of
comorbidities. This became significant more so during the coronavirus disease 2019
(COVID-19) crisis wherein health infrastructure was overburdened.
Objectives The aim of this study was to estimate the clinicoepidemiological profile,
health literacy regarding predisposing risk factors, and disease management in
patients with COVID-19-associated mucormycosis (CAMCR).
Materials and Methods A structured questionnaire-based study on randomly chosen
100 microbiologically proven patients of CAMCR, consisting of 38 multiple choice
questions, was designed with each answer having a patient and assessor response to it.
Results A male predilection was seen (68%) with rhino-orbital (73%) being the
commonest anatomic site. Forty-nine percent of the study participants had pre-
existing diabetes of which 62% did not carry out regular blood sugar monitoring
and in 18%, blood sugars were controlled prior to COVID-19. Thirty-five percent of
patients with mild COVID-19 illness were treated with unwarranted steroids and 56% of
patients had fluctuating blood sugar levels, during COVID-19 illness.
Seventy-nine percent of patients were not vaccinated against COVID-19, 16% only
partially vaccinated. Seventy-one percent of patients were not aware of red flag signs
and of mucormycosis with 8% presenting early, on noticing nasal symptoms.
Conclusion This study observed diabetes as the most common comorbidity in
patients with CAMCR. A lacuna in the health literacy of diabetics presenting with
CAMCR was found. Additionally, knowledge regarding glycemic control during COVID-
19 illness with or without the use of steroids and awareness of the “red flag” signs of
CAMCR were mostly lacking. Interventions to improve awareness amongst patients
with diabetes should help in optimal glycemic control, and avoid potential complica-
tions like severe COVID-19 illness, and mucormycosis.
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Introduction

Mucormycosis (MCR) referred to as “black fungus” results
from inhalation of fungal spores in patients with aweakened
immune system.1 The second wave of coronavirus disease
2019 (COVID-19) in India resulted in an unprecedented
outbreak of MCR.

India has had the maximum disease load of MCR even in
pre-COVID-19 times, although it remained largely unrecog-
nized.2 Rhino-orbitocerebral mucormycosis (ROCM) is the
most common clinical form and diabetesmellitus (DM) is the
biggest risk factor,3 so much so that MCR has become a
diabetes-defining illness.4 It became a “notifiable disease” in
May 2021.2 India has a major global burden of uncontrolled
diabetes.5 It leads tomortality andmorbidity associatedwith
diabetes.6 It increases the risk of COVID-19 infection and also
complications. COVID-19, in turn, can induce acute-onset
diabetes in some individuals with no history of diabetes.7,8

India contributed to approximately 71% of the global cases of
MCR in patients with COVID-19 based on published litera-
ture from December 2019, to the start of April 2021.9 Diabe-
tes has been identified as the most common comorbidity in
COVID-19 patients in India.10

The patient partnership is desirable for optimal manage-
ment of comorbidities, and health awareness for prevention
and timely identification of potential disease complications.
This became significant more so during the COVID-19 crisis
wherein health infrastructure was overburdened.

Patients presenting early have MCR limited to the nose
and paranasal sinuses and can be salvaged with antifungals
accompanied by endoscopic surgery.1,5 Owing to this, sound
patient knowledge of predisposing risk factors and early
symptom identification should lead to early detection and
timely intervention, thereby improving patient outcomes.5

The second wave of COVID-19 in India provided flourishing
grounds for MCR.9 Its association with COVID-19 is an entity
demanding further research.

In the literature search, studies in various developing
countries with a high diabetic burden reported awareness
in less than half of their study participants and also
highlighted the importance of patient awareness and their
participation in the effective management of diabetes and
prevention of its potential complications.11,12 However,
studies to assess awareness of MCR per se have been found
lacking.13

Studies analyzing adverse health complications in diabe-
tes revealed decreased incidence in patients where preven-
tion and early detection of diabetes were practiced.14

However, studies evaluating the impact of awareness in
MCR prevention among diabetic patients are deficient in
literature.

In the present study, we aimed to provide a comprehen-
sive assessment of MCR in the backdrop of COVID-19, to
highlight the clinicoepidemiological profile, effect of health
literacy on predisposing risk factors, and disease manage-
ment in patients with COVID-19-associated mucormycosis
(CAMCR), during the second wave of COVID-19 pandemic in
India.

Materials and Methods

This cross-sectional study was conducted using a structured
questionnaire in a tertiary care government hospital, during
June-August 2021. Institutional ethics committee approval
was obtained, IECHR-2021-50-S-R2, and the study was reg-
istered under Clinical Trial Registry of India, CTRI/2021/09/
036452.

On the basis of a pilot study, 15 to 50% of patients had
reasonable knowledge about various factors associated with
CAMCR. Taking this value as reference, minimum required
sample size with a 10% margin of error and 5% level of
significance was 97 patients. To reduce the margin of error,
total sample size taken was 100.

The formula used was:

N � (p(1 -p))/(ME/zα)2

Where, Zα¼ value of Z at a two-sided alpha error of 5%,
ME¼margin of error, and p¼proportion of patientswho had
reasonable knowledge about various factors associated with
the disease.

The inclusion criteria were microbiologically proven MCR,
serologically confirmed cases of COVID-19, and age group of 18
to 70 years. Exclusion criteria were MCR not associated with
COVID-19, other fungal infections, and patients on invasive
ventilation. One-hundred study participants were randomly
chosen patients, and written and informed consent obtained.
They answered a questionnaire (with 38 questions) with input
from his/her attendant, if and when required. All the answers
were then verified through the file and other available records
byanassessorwhowasoneof the investigators of thestudy. The
structured questionnaire was prepared by the investigators
using the existing literature on the awareness and knowledge
of patients about their comorbidities and their complications.
This was reviewed by senior investigators of the institutional
ethics committee and a statistical validation was obtained
(►Annexure 1). A pilot studywas carried out and the question-
naire (►Annexure 2) was subsequently modified according to
the responses obtained by the participants, so as to optimally
simplify the questions for laymen and remove any ambiguity.
The questionnaire was bilingual (Hindi and English) with both
verbal andwritten consent forms. Blood sugarswere defined as
“controlled” when blood sugar values were 80 to 140mg/dL
before meals and less than 200mg/dL, 2hours after meals.

Presentation with MCR was defined as “early,” when a
patient presented to a clinician on noticing the symptoms of
nasal cavity involvement.5

Awareness of symptoms of MCRwas considered complete
when being aware of red flag symptoms and considered
incomplete if aware only of the advanced symptoms.5 The
assessor’s response obtained following verification of health
records, where ever available and applicable, was taken as
the final response. In case of unavailability of records to
verify a patient’s response, the patient’s response was docu-
mented and used in data analysis. In cases where neither the
patient was able to recall nor the records were available to
verify, the response was documented as “no records.”
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Statistical Analysis
The data entrywas done in aMicrosoft Excel spreadsheet and
the final analysis was done using the Statistical Package for
Social Sciences (SPSS) software, IBM manufacturer, Chicago,
United States, version 21.0. Percentages were calculated for
descriptive statistics. For statistical significance, a p-value of
less than 0.05 was considered.

The inter-kappa agreement analysis was done to ascertain
the association between the responses obtained from the
patient and from the assessors, thereby mitigating any
potential recall bias at the patient’s end and also verifying
the completeness of the hospital record keeping. Kappa’s
score derived ranged from poor to very good (0.20–1.00).

Results

The study participants were constituted of 21% young adults
(18–39 years of age), 48%middle-aged (40–59 years age), and
31% old adults (� 60 years of age). Themean agewith CAMCR
was 50.85 years (24–77 years). Male predilection was seen,
forming 68% of the study population. 41% of patients had
wage-earning jobs, and 29% were housewives. The majority
of patients hailed from upper lower (34%) and lower-middle
(30%) socioeconomic strata of modified Kuppuswamy clas-
sification15 (►Table 1). The most common anatomical site
seen was rhino-orbital (73%; ►Table 2).

The most common chronic medical condition encoun-
tered was DM, seen in 49% of patients, either alone or in
combination with other comorbidities (►Table 3). Sixty-two

percent of the pre-existing diabetics in our study sample did
not carry out regular blood sugar monitoring, while 38% did.
Among the latter, 51% had uncontrolled blood sugars and in
18%, blood sugar was controlled. Moreover, 31% of patients
were unaware of blood sugar values and also could not
produce any health records (►Table 4). Fifty-nine percent
of study subjects received systemic steroids during COVID-
19 illness. Twenty-nine percent subject were unaware and
did not have health record-keeping regarding steroid use
(►Annexure 2).

The association between COVID-19 disease severity and
steroid treatment was assessed by Fisher’s exact test
(►Table 5). It showed that 35% of study patients with mild
COVID-19 disease were treated with systemic steroids. In
addition, 45% of patients with mild disease were unaware
and did not have health records to ascertain steroid

Table 1 Sociodemographic profile of study subjects

Sociodemographic characteristics n (%)/ Mean� SD

Age (years)
Young adults (18–39 years age),
middle-aged adults
(40–59 years age), old
adults (� 60 years age).

50.86�12.67
21%
48%
31%

Gender, n¼100

Male 68%

Female 32%

Occupation, n¼100

Blue collar 41%

Housewife 29%

White collar 16%

Business 9%

Farmer 59%

Socioeconomic status, n¼ 100

Upper 2%

Upper middle 28%

Upper lower 34%

Lower middle 30%

Lower 6%

Abbreviation: SD, standard deviation.

Table 2 Clinical presentations

Clinical form, n¼ 100

Rhino 3

Cerebral 1

Rhinocerebral 2

Rhino-orbital 73

Rhino-orbital-pulmonary 10

Rhino-orbital-cerebral 11

Table 3 Chronic medical illness in study subjects

H/o Chronic medical illness, n¼100 %

DM1 1

DM2 33

DM2þHTN 11

DM2þHTNþCAD 1

DM2þHTNþCOAD 1

DM2þHTNþHepC 1

DM2þHTNþhypothyroid 2

HTN 5

Hypothyroid 1

No comorbidity 44

Abbreviations: CAD, coronary artery disease; COAD, chronic obstructive
airway disease; DM1, diabetes mellitus type 1; DM2, diabetes mellitus
type 2; Hep C, hepatitis C; HTN, hypertension.

Table 4 Blood sugar control among pre-existing diabetics

n¼ 49 %

Blood sugar controlled 18

Uncontrolled 51

No records 31
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treatment in them. The association showed a statistically
significant p-value (0.001). In 47% of the study patients,
blood sugar monitoring was done during COVID-19 illness
with or without a history of steroid use. In 36%, no blood
sugar monitoring was done and 17% patients were unaware
and had no pertaining records (►Annexure 2).

Fifty-six percent of study subjects had fluctuating blood
sugar levels during COVID-19 illness with or without steroid
use. Nine percent of them had blood sugars in the normal
range. Thirty-five percent of patients were unaware of the
blood sugar values and had no health record-keeping
(►Annexure 2).

Mild and moderate COVID-19 illness was found in 40 and
24% of study subjects respectively, being severe in 36%
(►Annexure 2). Sixteen percent of the study subjects re-
ceived only 1 dose of COVID-19 vaccination and 5% had
received both doses.

The association between COVID-19 vaccination status and
severity of COVID-19 diseasewas analyzed (►Table 6). Of the
unvaccinated, 32.91% had severe disease. In the fully vacci-
nated category (5 patients), two patients suffered severe
disease. The association was clinically significant with a p-
value of 0.009.

Knowledge about the initial symptoms of MCR was lack-
ing in 71% of subjects. Eleven percent had incomplete infor-
mation about the red flag signs of MCR and were aware
only of the symptoms of the advanced disease, while 18%
reported awareness of red flag symptoms and signs of MCR
(►Annexure 2).

Eight percent of the subjects presented early with symp-
toms of MCR. Initiation of treatment within 5 to 10 days of
symptomonset ofMCRwas done in 25% of the study patients
(►Annexure 2). A significant p-value (< 0.0001) and very
good kappa score (0.896) in agreement analysis regarding

the onset of symptoms and initiation of treatment for MCR
(►Table 7).

The agreement analysis between patient and assessor for
blood sugar monitoring (►Table 8) and blood sugar control
(►Table 9) during COVID-19 illness and or while on steroid
treatment showed a significant p-value (<0.001) and a very
good kappa agreement (0.882 and 0.714 respectively). The
analysis regarding the severity of COVID-19 illness
(►Table 10) was good (k¼ 0.798).

Discussion

The study patients presenting with CAMCR were more
commonly middle-aged, males, belonging to the upper-
lower class of modified Kuppuswamy classification, doing
wage-earning jobs. Themost frequently involved anatomical
site was rhino-orbital (►Tables 1, 2). DM was the most
common underlying illness (►Table 3).

Studies have identified male predilection2,16–19 and mid-
dle age group (45–55 years) as most commonly affectedwith
MCR in pre-COVID-19 times similar to that for our patients
with CAMCR,16,17 as well as for other studies involving
patients with CAMCR.5,20

Jeong et al in a global meta-analysis in non-COVID-19
times observed ROCM as the most common presentation, in
34% of patients.11 Likewise, ROCM was also the most com-
mon clinical variant globallywhen associatedwith COVID-19
but in increasingly higher numbers, in 76%.18 This was unlike
in the pre-COVID-19 times wherein a disparate presentation
was seen in the clinical distribution of MCR, with ROCM as
the most common variant in developing countries,2,17,20,21

but not the developed countries.22

Thus, we observed that the epidemiology and clinical
form (►Table 2) of patients with MCR in correlation with

Table 5 Association of steroid treatment with disease severity

Steroid treatment Mild (n¼ 40) Moderate (n¼ 24) Severe (n¼36) Total p-Value

No 8 (20%) 2 (8.33%) 2 (5.56%) 12 (12%) 0.001a

Yes 14 (35%) 16 (66.67%) 29 (80.56%) 59 (59%)

Don’t know 18 (45%) 6 (25%) 5 (13.89%) 29 (29%)

Total 40 (100%) 24 (100%) 36 (100%) 100 (100%)

Abbreviation: COVID-19, coronavirus disease 2019.
aThe association between COVID-19 disease severity and steroid treatment was assessed by Fisher’s exact test and was statistically significant with
p-value of 0.001.

Table 6 Association of COVID-19 vaccination with the severity of COVID-19 illness

COVID-19 vaccination Mild (n¼ 40) Moderate (n¼ 24) Severe (n¼ 36) Total p-Value

No 30(37.97%) 23(29.11%) 26(32.91%) 79(100%) 0.009

1 dose 8(50%) 0(0%) 8(50%) 16(100%)

2 doses 2(40%) 1(20%) 2(40%) 5(100%)

Total 40(40%) 24(24%) 36(36%) 100(100%)

Abbreviation: COVID-19, coronavirus disease 2019.
Of the unvaccinated study participants, 37.97% had a mild COVID-19 illness and 32.91% had a severe disease.
In the fully vaccinated category (5 patients), 2 patients suffered severe disease. The association was statistically significant with a p-value of 0.009.
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COVID-19were similar to that forMCR in a pre-COVID-19 era
in India.2,3,22

DMwas identified as most common underlying disease in
patients affected byMCR in pre-COVID-19 times globally2 as
well as in India.17,19 Jeong et al in a large meta-analysis
showed 40 versus 73.5% diabetics globally and in India,
respectively, thus, highlighting a much higher prevalence
of diabeteswithMCR in India.16 Bala et al prior to the COVID-
19 pandemic observed DM to significantly increase the odds
of contracting ROCM.18 Although during COVID-19 pandem-
ic, hyperglycemia due to pre-existing DM or new-onset

diabetes has been studied as most important risk factor for
CAMCR even in cases outside India.19,20

Retrospective studies in India on CAMCR5,23,24 noted
diabetes as the single major comorbidity with Bhanuprasad
et al24 observing diabetes in 97% of CAMCR patients, 40% of
which were newly detected. This is in concordance with our
findings amongst CAMCR patients (►Table 3).

Patel et al21 observed uncontrolled diabetes to be themost
common underlying disease in 67 versus 60.4% in non-
CAMCR and CAMCR, respectively. COVID-19 was the only
underlying disease in 32.6% of CAMCR patients, comparable
to 44% in our study (►Table 3). This suggests a possibility of
either new-onset diabetes with COVID-19 infection since it
induces a diabetogenic state4 and also increases the risk of
associated complications. Furthermore, it may have likely
worsened hyperglycemia in pre-existing but undiagnosed
diabetics, thereby unmasking diabetes in them7 which could
have been in high number considering abysmal health
awareness among Indian population.6 Thus, DM continues
to be the most common underlying illness in MCR both with
and without association with COVID-19, with a higher
prevalence of uncontrolled diabetes in CAMCR.

India is the diabetic capital of the world, not surprisingly
considering dismal health literacy, and health access.9 This is

Table 7 Inter-rater kappa agreement between patient and assessor for the duration between mucormycosis symptom onset and
initiation of treatment

Patient Assessor Total p-Value Kappa

0–5 D
(n¼ 6)

5–10 D
(n¼14)

10–15 D
(n¼ 20)

15–20 D
(n¼ 10)

20–30 D
(n¼ 4)

30–40 D
(n¼ 5)

40–50 D
(n¼2)

0–5 D 6 (9.84%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 6 (9.84%) <0.0001 0.896

5–10 D 0 (0.00%) 14 (22.95%) 1 (1.64%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 15 (24.59%)

10–15 D 0 (0.00%) 0 (0.00%) 19 (31.15%) 1 (1.64%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 20 (32.79%)

15–20 D 0 (0.00%) 0 (0.00%) 0 (0.00%) 9 (14.75%) 1 (1.64%) 0 (0.00%) 0 (0.00%) 10 (16.39%)

20–30 D 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 3 (4.92%) 1 (1.64%) 0 (0.00%) 4 (6.56%)

30–40 D 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 4 (6.56%) 1 (1.64%) 5 (8.20%)

40–50 D 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 1 (1.64%) 1 (1.64%)

Total 6 (9.84%) 14 (22.95%) 20 (32.79%) 10 (16.39%) 4 (6.56%) 5 (8.20%) 2 (3.28%) 61 (100.00%)

Inter-kappa agreement could be carried out in 61 patients, since the pertaining health records were not retrievable in remaining 39 patients.
A significant p-value (< 0.0001) was derived with a very good kappa score (0.896) in agreement with analysis regarding the onset of symptoms and
initiation of treatment for mucormycosis.

Table 8 Inter-rater kappa agreement between patient and
assessor for blood sugar monitoring during COVID-19
illness/steroid use

Value of K Strength of agreement

< 0.20 Poor

0.21–0.40 Fair

0.41–0.60 Moderate

0.61–0.80 Good

0.81–1.00 Very good

Patient Assessor Total p-Value Kappa

No (n¼16) Yes (n¼ 17)

No 15 (45.45%) 0 (0.00%) 15 (45.45%) <0.0001 0.882

Yes 1 (3.03%) 16 (48.48%) 17 (51.52%)

Can’t Say 0 (0.00%) 1 (3.03%) 1 (3.03%)

Total 16 (48.48%) 17 (51.52%) 33 (100.00%)

Abbreviation: COVID-19, coronavirus disease 2019.
Inter-kappa agreement could be done for 33 patients since pertaining health records were not retrievable in the other 67 patients.
The agreement analysis between patient and assessor for blood sugar monitoring during COVID-19 illness and/or while on steroid treatment showed
a significant p-value (<0.0001) and a very good value of kappa agreement (0.882).
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also reflected in our study with the fact that 62% of pre-
existing diabetics were found not carrying out regular blood
sugarmonitoring. Furthermore, 51% of pre-existing diabetics
had uncontrolled blood sugars, and 31% were both unaware
of their glycemic control and also did not maintain health
records (►Table 4). Though hemoglobin A1c aids in better
defining diabetes blood sugar control, it was available in the
medical records for a few patients only and hence was not
used. However, when available, it was found to be abnormal.

Another major risk factor identified is corticosteroid use,
especially in diabetics resulting in complex immune dysre-
gulation.25,26 In pre-COVID-19 times, Skiada et al22 noted
MCR with corticosteroid use in 46% of patients. It was noted
to be the most common predisposing factor in a meta-
analysis by Jeong et al.16 John et al20 observed the use of
systemic corticosteroids in 97.56% of patients with CAMCR.
In our study, 59% of patients had been treated with steroids,
while they were positive for COVID-19. Out of the 51 non-
diabetics, 59% had received steroids for COVID-19. Twenty-
nine percent of patients were neither aware of steroid use
nor had records for the same.

However, 29% of patients had no awareness and also
maintained no health records to provide information on
steroid medication prescription (►Annexure 2). The associ-
ation between COVID-19 disease severity and steroid treat-
ment was assessed and was statistically significant with p-
value of 0.001(►Table 5).

We observed that 35% of patients with mild disease had
been treated with systemic steroids. Furthermore, 45% of
patients with mild COVID-19 illness had neither awareness
nor documents pertaining to steroid use. These findings
highlight the unwarranted and unrestrained use of steroids.
COVID-19 scare and restricted access to a health facility
during the COVID-19 crisis may have resulted in self-treat-
ment with over-the-counter steroids.

In 47% of study subjects, blood sugar monitoring was
carried out during COVID-19 illness with or without treat-
ment with steroids. Seventeen percent of the patients were
unaware and had no record-keeping to verify their glycemic
monitoring. Furthermore, 56% of study subjects had fluctu-
ating blood sugar levels during COVID-19 illness, while 9% of
them had blood sugars in the normal range. Thirty-five
percent of patients were unaware of the blood sugar values
and had no health record-keeping (►Annexure 2).

Our observations are corroborated by Gianchandani et al27

who found very high blood sugar levels in CAMCR patients. The
inter-kappa analysis on blood sugar monitoring during COVID-
19 illness with or without treatment with systemic steroids
shows a significant p-value and a very good kappa agreement
(0.81–1.00; ►Table 8). This further signifies that the informa-
tion obtained frompatientswas accurate and also a good record
keeping as retrieved from the case sheets of the patients.

Mulakavalupil et al28 showed that low-dose steroids with
strict glycemic control completely eliminated risk of MCR in

Table 9 Inter-rater kappa agreement between patient and assessor for blood sugar control during COVID-19 illness/steroid use

Patient Assessor Total p-Value Kappa

No (n¼19) Yes (n¼ 3)

No 16 (72.73%) 0 (0.00%) 16 (72.73%) 0.0002 0.61

Yes 1 (4.54%) 3 (13.64%) 4 (18.18%)

Can’t say 2 (9.09%) 0 (0.00%) 2 (9.09%)

Total 19 (86.367%) 3 (13.64%) 22 (100.00%)

Abbreviation: COVID-19, coronavirus disease 2019.
Inter-kappa agreement could be carried out in 22 patients, since pertaining health records were not retrievable in the remaining 78 patients.
The agreement analysis between patient and assessor for blood sugar control during COVID-19 illness and/or while on steroid treatment showed a
significant p-value (<0.0002) and a good value of kappa agreement 0.61.

Table 10 Inter-rater kappa agreement between patient and assessor for the severity of COVID-19 illness

Patient Assessor p-Value Kappa

Mild (n¼24) Moderate (n¼ 17) Severe (n¼ 27) Total

Mild 22
(32.35%)

5 (7.35%) 2 (2.94%) 29 (42.65%)

Moderate 1 (1.47%) 12 (17.65%) 0 (0.00%) 13 (19.12%)

Severe 0 (0.00%) 0 (0.00%) 25 (36.76%) 25 (36.76%) < 0.0001 0.798

Can’t say 1 (1.47%) 0 (0.00%) 0 (0.00%) 1 (1.47%)

Total 24
(35.29%)

17 (25.00%) 27 (39.71%) 68
(100.00%)

Abbreviation: COVID-19, coronavirus disease 2019.
Inter-kappa agreement could be carried in 68 patients, since pertaining health records were not retrievable in remaining 32 patients.
The agreement analysis regarding the severity illness of COVID-19 was obtained as good (k¼ 0.798).
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COVID-19. On assessing the disease severity, mild and mod-
erate COVID-19 illness was found in 40 and 24% of subjects,
respectively (►Annexure 2).

Even mild COVID-19 can induce a proinflammatory mi-
lieu, which can further lead to lowering insulin sensitivity.29

Prolonged hospitalization, broad-spectrum antibiotics, in-
tensive care unit admission, intubation/mechanical ventila-
tion, and surgery are usually seen with severe COVID-19
illness and associated with MCR.30 Sixty percent of the study
patients required hospitalization for a COVID-19 illness of
which 30% remained hospitalized for 11 to 20 days.

Primary prevention in the formof vaccination remains the
mainstay for mitigating the risks associated with COVID-19
in patients with DM.31 Seventy-nine percent of the study
participants were not vaccinated against COVID-19. A corre-
lation between COVID-19 disease severity and vaccination
status of the participants was studied and findings revealed
that 33% of unvaccinated patients had severe disease, 38%
had mild disease, and 29% hadmoderate disease. The associ-
ation was statistically significant with a p-value of 0.009
(►Table 6). COVID-19 vaccination has been shown to reduce
the disease severity. In a retrospective, analysis by Li et al32

on COVID-19 patients to estimate the effectiveness of vacci-
nation in preventing disease progression, it was concluded
that risk of pneumonia and severe disease was lower in fully
vaccinated individuals than unvaccinated people. In a case–
control study by Tenforde et al,33 to ascertain the association
between prior vaccination and hospitalization for COVID-19
and its progression, the authors concluded that the outcome
of mechanical ventilation and death among the vaccinated
was less likely. These findings are in concordance with the
present study and suggest that the risk of developing severe
COVID-19 disease is less with prior vaccination and thus
complications like COVID-19-associated mucormycosis are
also infrequent. Hence, mild disease does not require hospi-
talization or steroid treatment thereby immunosuppression
and hospital-acquired infections are circumvented. Vaccina-
tion has a dual beneficial effect for COVID-19 disease on its
severity as well as its further complications like COVID-19-
associated MCR that were rampant during the second wave
in India.

Average to poor sanitary surroundings during isolation
and treatment period was reported by 58% of study subjects.
Individuals who have recently recuperated from COVID-19
should ensure stringent personal hygiene.34 Sixty-nine per-
cent of patients reportedwearing cloth protectivemasks and
9% used no masks, with 21% of patients using soiled masks
(►Annexure 2). The All India Institute of Medical Sciences
had issued guidelines on MCR alerting the public on the
alarming symptoms to be watched for to detect early
disease.35

Seventy-one percent of the study participants had no
knowledge and 11% had knowledge only about advanced
stage symptoms and could not relate their initial symptoms
to the disease (►Table 1). In 18% of the aware cases, media
through television and newspaper helped spread awareness.
Only 6% of patients were alerted to the red flag signs of MCR
by their clinicians. Thirty-two percent of patients reported

face swelling including eyes as the initial symptom with
nasal symptoms in only 11%. Hence, patients presenting
with early disease limited to the nasal site were few (8%;
►Annexure 2).

Management for MCR was initiated in 25% of the patients
within 5 to10 days of the symptom onset. Only in 8% of
patients, management was initiated within 5 days of symp-
tom onset. The agreement analysis shows a very good kappa
score regarding the onset of symptoms and initiation of
management of MCR, further nullifying a recall bias
(►Table 7).

A delay in the establishment of the diagnosis of MCR
resulted in rapid disease progression thereby necessitating
more aggressive treatment. Seventy-five percent of the study
participants received bothmedical and surgical treatment by
the time they answered the questionnaire (►Annexure 2).

Strengthening efforts to enhancehealth awareness among
the general public in various aspects of diabetes care is the
key to keeping the associated threats in check. It is prudent to
have early initiation of treatment of mucormycosis on strong
clinical and radiological suspicionwithout waiting for tissue
confirmation to enable improved outcomes in this rapidly
progressive highly debilitating, fatal disease.

The present study having a questionnaire-based design
had the limitations of being time-consuming, with partic-
ipants getting disinterested at times, affecting the essence of
the results obtained. Additionally, open-ended questions
though few might have been difficult for less educated
participants to answer. Other limitations specific to the study
entailed records pertaining to the information on pre-exist-
ing illnesses, blood sugar charting, and management of MCR
were incomplete and missing for so. Follow-up of the
patients regarding outcome was not done; therefore, the
underlying potential risk factors of the disease could not be
correlated to the disease outcome.

The message to take home is that the health literacy of
patients having a chronic disease like diabetes plays a key
role in optimal control of comorbidity and preventing the
associated complications. COVID-19 in its progression and
severity affects immunocompromised patients with greater
virulence. Hence, strengthening patient education and also
health awareness in the general population is paramount to
reducing complications entailing COVID-19 such as immu-
nosuppression and MCR. In addition, vaccination against
COVID-19 should be encouraged with the use of masks and
social distancing should be actively practiced.

Conclusion

Clinicoepidemiological profile of COVID-19-associated MCR
was found similar to that not associated with COVID-19,
although diabetes wasmore commonly seen in patients with
CAMCR in our study. Health literacy among diabetics had
lacunae that resulted in impaired glycemic control. Addi-
tionally, awareness for blood sugar monitoring and control
during COVID-19 illness with or without the use of steroids
wasmostly lacking. Knowledge of the “red flag” signs of MCR
was incomplete, thereby hampering early disease
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recognition. Interventions to improve awareness amongst
patients with diabetes should help in optimal glycemic
control, and avoid potential complications including severe
COVID-19 illness, MCR.
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Annexure 1:

We conducted principal component analysis with Varimax
rotation to divide the items into factors. The number of
factors retained was derived by considering the magnitude
of the eigenvalues, Kaiser’s (1960) eigenvalues (> 1) rule, the
proportion of variance extracted, item content, and the
interpretability of the resulting factors. As for factor loading
after the Varimax rotation, items with a factor loading less
than 0.5 on all factors were excluded. We investigated the
internal consistency by calculating Cronbach’s alpha and by
calculating item-total correlations for each factor that was
identified with the factor analysis, and alpha greater than
0.70 was considered acceptable, and optimal item-total
correlation was considered to be between 0.2 and 0.5.

Results from the factor analysis indicated that each factor
accounts for approximately 40% of the variance. Cronbach’s
alpha coefficients for various questions in the questionnaire
were greater than the accepted number of more than or
equal to 0.70.

Calculation of internal consistency (Cronbach’s alpha
0.703-0.834) and cross-validation provided evidence of reli-
ability and lack of redundancy of items.

We found that the number of factors, the factor structure,
and factors loadings were for the greater part comparable
between the first randomly created subsample (n¼25) and
the total sample (n ¼100).

Annexure 2: Patient questionnaire with responses

S No Question Possible answers Replies obtained

1 How many days prior to developing symptoms of “Black
fungus,” did you have COVID-19 or COVID-19 like illness?
n¼ 100

0–10 days 33%

11–20 days 36%

21–30 days 18%

31–40 days 9%

> 40 days 4%

2 Where did you get treated for COVID-19? n¼ 100 Home 38%

Hospital 38%

Home þHospital 24%

3 How was the overall hygiene of the place of stay while being
isolated? n¼ 100

Good 42%

Average 50%

Poor 8%

4 How many days did you stay at a hospital/COVID-19 care
center? n¼100

<10 days 23%

11–20 days 28%

21–30 days 9%

31–40 days 2%

NA 38%

5a Were you treated with steroids like Dexona/ Predmet/Medrol/
Wysolone, n¼ 100

Yes 59%

No 12%

No records 29%

5b If yes, you took steroids, n¼ 59 As prescription 97%

As self-medication 3%

5c If taken steroids as a prescription, prescribed for what dura-
tion? (n¼ 57)

<10 days 30%

>10 days 68%

No Records 2%
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(Continued)

S No Question Possible answers Replies obtained

5d If taken steroids as a prescription, took n¼ 57 More no. of days 1%

More than the prescribed dose 1%

More daysþ More dose 1%

None 60%

No records 18%

NA 19%

6a Was blood sugar monitored during COVID-19 illness with or
without steroid use? n¼100

Yes 47%

No 36%

Don’t know 17%

6b Was the blood sugar controlled during COVID-19 illness with
or without steroid use? n¼ 100

Normal range 9%

Fluctuating 56%

No records 35%

7a Treatment prescribed for blood sugar control during COVID-
19 illness with or without steroid use? n¼ 100

OHA 18%

OHAþ insulin 17%

Insulin 29%

None 18%

No records 18%

7b If OHAs were used then medication names? n¼35 Single drug 31%

Double drug 23%

Triple drug 6%

No records 40%

8 How severe was the illness? n¼100 Mild RR< 20, Spo2> 93% 40%

Moderate RR 20-30, Spo2> 90% 24%

Severe RR> 30, Spo2<90% 36%

9 What was the CTSS score if you remember, if the CT chest
done? n¼ 100; CTSS score 7 or less (mild) n¼0; CTSS score 8–
17 (moderate) n¼22; CTSS score 18 or more (severe) n¼11

10 3%

11 1%

12 4%

13 2%

14 3%

15 4%

16 2%

17 3%

18 3%

19 2%

20 1%

21 2%

22 1%

23 1%

24 1%

NA 36%

No records 31%

(Continued)
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(Continued)

S No Question Possible answers Replies obtained

10a Did you receive oxygen therapy? (n¼ 100) Yes 56%

No 43%

Can’t say 1%

10b If yes, received at n¼ 56 Home 4%

Hospital 80%

Home þHospital 16%

10c Was the oxygen dry or moist? n¼56 Moist 80%

Dry 0%

Can’t say 20%

10d What type of humidification was used (hospital/home)?
n¼ 56

Packaged water/RO water 19%

Distilled water 7%

Tap water 6%

Can’t say 13%

NA 55%

11 Mode of oxygen therapy used? n¼ 56 Simple face mask 38%

Tight mask with straps (Bipap) 13%

Nasal prongs 5%

NA 44%

12 Any other treatment received? Remdesivir 9%

Any other treatment 35%

No records 56%

13 For what duration was treatment taken for COVID-19, in-
cluding hospital & home? n¼100

<7 days 22%

7–14 days 36%

15–30 days 34%

>30 days 8%

14 COVID-19 vaccination received? n¼100 1 dose 16%

2 doses 5%

Not vaccinated 79%

15a Do you have pre-existing diabetes or any other disease for
which you have been taking long term medication prior to
COVID-19 illness? n¼ 100

Yes 56%

No 44%

15b If yes please specify the disease DM/malignancy/HTN/thyroid
disorder/CKD/ chemotherapy/immunosuppressants? n¼ 56

DM 1 1%

DM2 33%

DM2þHTN 11%

DM2þHTNþCAD 1%

DM2þHTNþCOAD 1%

DM2þHTNþHep c 1%

DM2þHTNþHypothyroid 1%

HTN 5%

Hypothyroid 1%

NA 45%
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(Continued)

S No Question Possible answers Replies obtained

16 If pre-existing diabetes, what was the treatment taken? n¼49 OHA 35%

OHAþ insulin 3%

Insulin 1%

None 10%

NA 51%

17a Did you routinely check blood sugars prior to COVID-19
illness, n¼ 100

Yes 28%

No 72%

17b If yes, how did you check? n¼ 28 Yes 57%

No 43%

17c Did you routinely check blood sugars (in pre-existing dia-
betics), n¼ 49

Home yes 38%

Hospital care facility no 62%

18 Was blood sugar controlled? (blood sugar values: 80–140
mg/dL before meals and< 200mg/dL, 2 hours after meals);
n¼ 49

Yes 18.00%

No 51.00%

Can’t say 31.00%

19 Did you experience any episodes of rapid heart rate, blurry
vision, unconsciousness? n¼ 49

Yes 8%

No 83%

Can’t say 9%

20a Type of COVID-19 protection mask used? n¼100 Cloth 69%

Surgical 10%

N-95 9%

Combination 3%

No mask 9%

20b How often was the mask changed/washed? n¼100 1-3 days 47%

4-6 days 24%

7-14 days 13%

>14 days 7%

NA 9%

20c Was the oxygen mask changed on becoming soiled/wet?
n¼ 100

Yes 71%

No 21%

NA 8%

21 Did you know about symptoms of black fungus? n¼ 100 Yes 18%

No 71%

Incomplete information 11%

22 If yes (complete or incomplete), source of information? n¼ 29 Television/newspaper 62%

Treating doctor 17.20%

Internet 13.70%

Family/Friends 6.89%

23 Were you alerted about the symptoms of mucormycosis
before leaving the hospital? n¼ 100

Yes 6%

No 79%

NA 15%

(Continued)
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(Continued)

S No Question Possible answers Replies obtained

24 Which symptoms did you notice first? n¼ 100 Face swelling 32%

Visual disturbances 12%

SO pain 12%

Nasal stuffiness 11%

Vision disturbancesþ SO pain 10%

Nasal discharge 7%

Pain in mandible 6%

Face numbness 5%

Blood in cough 2%

Nasal bleed 1%

Infraorbital pain 1%

cough/breathlessness 1%

25 After how many days of diagnosis of mucormycosis was the
treatment started? n¼100

<5 days 8%

5–10 days 25%

10–15 days 25%

15–20 days 19%

20–30 days 9%

30–40 days 7%

40–50 days 5%

>50 days 2%

26 What mode of treatment are you being given for black
fungus? n¼100

Medicine only 23%

Surgery only 2%

Both 75%

27 Are you satisfied with the treatment? n¼ 100 Satisfied 84%

Not satisfied 5%

Can’t say 11%

Abbreviations: CAD, coronary artery disease; CKD, chronic kidney disease; COAD, chronic obstructive airway disease; COVID-19, coronavirus disease
2019; CTSS, CT Chest Severity Score; DM1, diabetes mellitus type 1; DM2, diabetes mellitus type 2; HTN, hypertension; NA, not available; OHA, Oral
Hypoglycemic Agent; RO, reverse osmosis; RR, relative risk; SPO2, oxygen saturation; SO, supraorbital.
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Introduction

Surveillance, epidemiology and end results 21 age-adjusted
statistics (2013–2017) place the annual incidence of brain
neoplasms at 5.4 per 100,000 women; 16% of these occur in
the reproductive age group.1 Nearly 90 women are diag-
nosed with brain tumors during pregnancy per year in the
United States.2Depending on histology, extent, and expected
prognosis, some of these may merit immediate or early
treatment of brain tumor, with special considerations for
maternal and fetal safety depending on the period of gesta-
tion (POG). The physiological state of pregnancy itself may
aggravate symptoms due to increased plasmavolume, hyper-
vascularity, and hormonal stimulation, sometimes precipi-
tating pregnancy complications or obstetric emergencies. If
the management protocol includes radiation therapy (RT),

the risks of teratogenicity, growth retardation, mental retar-
dation, and childhood cancers have to beweighed against the
benefits of disease control in the mother creating a mutual
conflict of interest.

We discuss themanagement challenges in a pregnant lady
with intracranial chondrosarcoma, referred for adjuvant RT.

Case Presentation

A 27-year-old nulliparous woman presented to the neuro-
surgeon with headache and vomiting for 6 months and
sudden onset right-sided weakness for 2 months. She had
memory disturbances, slurred speech, and ptosis left eye.
There was no history of trauma, bowel or bladder disturban-
ces, seizures, or loss of consciousness. Clinical examination

Keywords

► brain neoplasms
► chondrosarcoma
► radiation therapy
► pregnancy

complications
► teratogenesis

Abstract Background Managing a brain tumor during pregnancy is a highly confusing and
challenging situation, complicated by several technical, medical, ethical, and sociocul-
tural concerns. The interests of the mother and child are often pitted against each
other, for which legal opinion may occasionally be needed.
Case Report We present the report of a young lady with intracranial well-differenti-
ated chondrosarcoma who was determined to be pregnant in the immediate postop-
erative period. We discuss the management of challenges and dilemmas in devising
optimum therapy, and the modifications and care required at each step to help
safeguard maternal and fetal health. Risks with therapeutic radiation and measures to
assess and pre-empt fetal doses that may assist decision-making are also discussed.
Conclusion Radiation therapy during pregnancy is challenging and requires multidis-
ciplinary involvement and psychosocial support for the patient and family.
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revealed an average build patient with Glasgow coma scale
E4V5M6, right hemiparesis (upper limb 2/5, lower limb 3/5),
reduced vision in both eyes (both pupils reacting to light,
finger counting at 2m in right eye and 1m in left eye), and left
oculomotor palsy. She had partial recent memory loss.
Contrast-enhanced magnetic resonance imaging (CEMRI)
of the brain showed a large sellar-suprasellar lesion with
engulfed optic chiasm (►Fig. 1A–D). Differential diagnoses
considered were clival chordoma, meningioma, and
craniopharyngioma.

She underwent craniotomy and subtotal tumor excision.
Intraoperatively, it was a rock-hard tumor, with calcification
extending from Sylvian fissure involving sella, parasellar
region, cavernous sinuses, and ambient cisterns. Postopera-
tive histopathology suggested well-differentiated chondro-
sarcoma, with S-100 strongly positive.

Postoperative computed tomography (CT) scan showed
significant residual disease, hence, a radiation oncology opin-
ionwas sought. At this stage, shehad aperformance status (PS)
of Eastern Cooperative Oncology Group 3, right facial palsy,
right hemiparesis (upper limb 0/5, lower limb 1/5, decreased
vision left eye (finger counting at 0.3 m) and stable right eye
vision, psychiatric and memory disturbances, and slurred

speech. PostoperativeMRI revealed a large ill-defined residual
heterogeneousmasswith a 10mmmidline shift. Optic chiasm
was infiltrated (►Fig. 1E). Fundus examination showed bilat-
eral optic atrophy compounded by surgical insult. The patient
had developed postoperative panhypopituitarism, including
diabetes insipidus and amenorrhea. Details of her last men-
strual period seemed unreliable due to psychiatric distur-
bance. Urine pregnancy test was advised prior to advising
adjuvant RT and returned positive. High-risk obstetric clinic
evaluation after the positive urine pregnancy test confirmed
the pregnancy with POG 23 to 24 weeks.

The following factors were considered while making
further management decisions:

• Favoring early RT to delay disease progression: Young pa-
tient, good prognosis histology, large residual, multiple
cranial nerve involvement, contribution of mass effect to
neurologic/psychiatric/hormonal deficits leading to poor PS.

• Favoring delayed RT to allow fetal maturity: RT exposure
linked with risk of teratogenesis, mental and growth
retardation, fetal carcinogenesis.

• Favoring medical termination of pregnancy (MTP): Low
PS, patient dependent and incapable of self-care

Fig. 1 (A) Baseline computed tomography brain showing a large heterogeneous calcified lobulated swelling in sellar-suprasellar region with
extension to left parasellar region and brainstem. Contrast-enhanced magnetic resonance imaging (MRI) in (B) axial, (C) coronal, and (D) sagittal
sections show a multilobulated heterogeneously enhancing solid-cystic lesion involving sella, suprasellar and left parasellar region, left
internal/external capsules, basal ganglia and frontal periventricular regions. Pituitary gland and optic chiasm are not seen separately. The mass is
eroding left lateral wall of sella to extend into left cavernous sinus and extra-axial extradural temporal lobe. Left internal carotid artery is
completely encased and narrowed. Posteriorly, the lesion extends into interpeduncular cistern with left posterior midbrain infiltration. Moderate
dilatation of right lateral and third ventricle seen. (E) Postoperative MRI showing residual disease with reduction in mass effect (F) MRI at
30 months postradiotherapy with stable disease.
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(hemiparesis, speech problems, hormonal imbalances,
poor vision in left eye, psychiatric and memory distur-
bances), or taking care of pregnancy on her own, possible
prior exposure to multiple teratogens during the first
trimester (multiple CT scans and X-rays, drugs including
antiepileptics, anesthetic agents, possible fetal hypoxia)
and additional risk with RT.

• Against MTP: Primigravida, expected fetal exposure with
imaging and cranial radiationwithin deterministic effects
tolerance, medicolegal concerns against termination of
pregnancy beyond 20 weeks.

After discussion with the patient’s family and deliberation
in a special multidisciplinary board highlighting the patient’s
poor general condition to sustain the pregnancy, a court order
was obtained for MTP at 26 to 27 weeks POG, considering a
grave risk to themother with the delay of adjuvant treatment.
Therewasanethicaldilemmaof labeling this asMTP (percourt
orders) or induced delivery because of fetal salvageability. An
antenatal scan showed a viable fetus (weight �1,000g). The
patient underwent induced vaginal delivery with Cerviprime
at 27þ6 weeks POG. A live girl child (birth weight 1kg, Apgar
score of 6,8)wasborn; she neededneonatal intensive care unit
care for the management of respiratory distress, where she
stayed till her eventual demise at 2.5months due to persistent
pneumonia. In thepostpartumperiod, thepatient’spsychiatric
problems, speech,andupper limbpower (⅖) improved.Within
a week of delivery, adjuvant therapy was planned. Since she
had a sellar residual calcified tumor with engulfment and
distortion of the optic chiasm and left optic canal, which were
challenging todelineateevenon thin-sectionCEMRI,wehad to
limit the deliverable dose to 5,400 centigray (cGy) in 27
fractions over 5.5 weeks. Treatment was delivered using a
noncoplanar three-field beam arrangement with three-di-
mensional conformal radiation therapy (3DCRT) without in-
terruption or significant adverse effects (►Fig. 2). She
continued medical management for panhypopituitarism and
psychiatric disturbances, and physiotherapy for motor weak-
ness, memory and speech. At 2.5 years postradiation, she had
significant improvement in lower limb power (⅗), right eye
vision (finger counting at 3 m), left facial, and oculomotor
nerve function, while left eye vision was unchanged (finger
counting at 0.3 m), and CEMRI showed stable disease.

We further evaluated possible fetal doses from therapeu-
tic cranial radiation in vitro to guide decisions on fetal risk in
future scenarios. CT images of an anthropometric Atom
female phantom (CIRS, Tissue simulation and Phantom
Technology, 900 Asbury Ave, Norfolk, Virginia, United
States)were acquired on Philips Big Bore 4D-CT and fused
with the CT images of the given patient in the Eclipse
planning system (Version 11.0, Varian Medical Systems,
Palo Alto, California, United States) (►Fig. 3). We simulated
the treatment plan and delivery conditions, additionally
placing three thermoluminescent dosimeters (TLDs) at three
different positions on the abdominal surface (5 cm above
umbilicus T1, at umbilicus T2, and 5 cm below umbilicus T3
in the midline) to measure the absorbed dose. At 26 to
28 weeks, the estimated position of the proximal part of

the fetus was approximately 50 cm from the lower border of
the treatment field.

All the TLDs, LiF: Mg, Ti (TLD 100, Rexon TLD Systems and
Components, Ohio, United States) with cuboid shape (di-
mension: 1mm�1mm�6 mm) were annealed pre-RT to
eliminate the previous history of residual information left by
the procedure involving heating at 400°C for 1 hour followed
by 105°C for 2 hours in a microprocessor-based heating
oven.3 TLD sorting and element correction coefficient for
each TLD were determined.4 RT doses delivered using 6
megavolts (MV) photon beam from a medical linear acceler-
ator (Clinac DBX 1160, Varian, California, United States) were
measured by A19 Exradin ion chamber with active volume
0.6cc (ref. 92734, Standard Imaging, Middleton, Wisconsin,
United States), Supermax Electrometer (ref. no. 90018, Stan-
dard Imaging,Middleton,Wisconsin, United States) and RW3
solid water phantom with density 1.04 g/cm3 (area
30�30 cm2, thickness range 0.1–1 cm) at 5 cm depth,
10�10 cm2 field size, and 100 cm source to surface distance.
The monitor units required to deliver dose range 0.4 to 1,000
cGywere recorded, and a dose calibration curve for the given
dose range for TLDs was obtained.5 Recording and analysis of
thermoluminescence (TL) spectra from TLDs after RT were
performed on Rexon UL-300 readout system (Model UL 300,
Rexon TLD Systems and Components, Ohio, United States).

Post-RT annealing for TLDs was performed at 105°C for
15minutes in the heating oven. The nonlinear curve fitting
method already installed in graphical computer software
Origin Pro (Version 8.5, OriginLab Corporation, Northamp-
ton, United States) was used for dose–TL response curve
fitting for low dose range, that is, 0.4 to 30 cGy. Different
models for nonlinear curve fitting (linear, exponential, sine,
logistic, Gaussian) were used. Although the chi-squared
values were very small for all mentioned models, the
minimum value of chi-square (χ2¼0.00654) was obtained
for fitting with amplitude version of Gaussian peak func-
tion. The total dose recorded by these TLDs (T1, T2, and T3)
for the entire planned dose of 5,400 cGy with the 3DCRT
plan were 3.0599, 0.7135, and 1.9619 cGy, respectively. The
possible lower dose of T2 versus T3 could be due to the
placement of TLD nearly 1 cm dorsal (deep) in the umbilical
region compared with the other TLDs placed on the abdom-
inal surface.

Discussion

Intracranial chondrosarcomas are rare but carry an excellent
prognosis (5-year survival 77% overall and 90% for well-
differentiated).6 Adjuvant RT after incomplete resection dra-
matically reduces 5-year recurrence rates from 44 (after
surgery alone) to 9% (after combined surgery and RT).6

Management involves multiple imaging studies (CT and
MRI), surgical resection under general anesthesia, and adju-
vant therapy based on grade and extent of resection. Before
proceeding with investigations, it is crucial to test for possi-
ble pregnancy in any sexually active patient in the reproduc-
tive age group. In the setting of pregnancy, there is a need for
modifications such as omission of CT scanning or other
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kilovoltage X-ray exposure, MRI studies without gadolinium,
choice of antiepileptic agents (if presenting with seizures),
and timing and type of anesthesia, patient positioning during
surgery, as well as the need for fetal-maternal monitoring in
the perioperative period. Although surgery is deemed safe
during any trimester, it is preferable to delay it to the second
trimester or later for asymptomatic patients with a stable
disease course.7 Our patient had an undiagnosed pregnancy
when she underwent investigations and surgery forher brain
tumor; the disease adversely affected her PS and quality of
life (QOL), while the investigations, medications, surgery
under anesthesia without fetal monitoring, and need for
RT risked fetal viability and normalcy.

Fetal risks from therapeutic radiation during pregnancy
may either be stochastic (childhood malignancy, sterility)
and independent of dose and POG, or deterministic and
dependent on dose and POG at exposure. Doses of 10 to 20
cGy may cause fetal death, mental retardation, congenital
defects, andgrowth retardation. The risk is highest in thefirst
trimester and decreases considerably in subsequent trimes-
ters.8–10 Unless there is an urgent need, RT should be
postponed to the postpartum period. MTP is justifiable
only if fetal dose estimates exceed 10 cGy. Cranial RT during
pregnancy usually entails fetal exposures within the deter-
ministic threshold due to large separation between treat-
ment isocenter and fetus, andmay be necessary, especially in

Fig. 2 Three-dimensional conformal radiotherapy plan images showing the planning target volume (PTV) (red outline) and the isodose levels
95% (green), 50% (yellow), and 30% (blue) in axial, coronal, and sagittal planes, for a planned dose of 54 gray (Gy) in 27 fractions to the target,
delivering 357 monitor units. A noncoplanar vertex beam (�11 cm� 9 cm) with couch rotation was used in addition to two parallel opposed
collimated beams (�12 cm� 14 cm). Dose volume histogram depicts doses received by PTV and organs at risk.
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aggressivemalignancies. For situationswhere RT contributes
significantly to disease control and QOL, RT may be planned
in later pregnancy with necessary precautions, such as
pretreatment phantom-based dose simulations, abdominal
lead shielding to reduce fetal exposure, treatment plan
modifications (linear accelerator with beam energy
<10 MV preferred over cobalt-60, 3DCRT with minimal
beam modifying devices preferred over intensity modulated
RT, flattening filter-free beams).11 During cranial RT in
the second trimester, the fetal position is at a distance of
40 to 50 cm from the cranial field edge. At this distance, the
contribution fromexternal scatter exceeds that from internal
scatter.12 The major contributors to fetal dose include leak-
age frommachine head (nearly 50%), wedge scatter, collima-
tor scatter, and internal scatter; hence, shielding near
machine head/patient neck may help curtail fetal
exposure.13

Conclusion

In our patient, the surrogate fetal dose estimates during
postpartum RT for the patient’s disease were within accept-
able limits (<10 cGy) and would have further reduced if
reduction due to shielding was incorporated.14 The decision
to terminate pregnancy/induce early delivery was taken after
considering her poor general health and social support. In a fit
patient with good PS and minimal neurologic symptoms, a
well considered decision to continue the pregnancy would be
justifiable with minimal fetal risk; decisions on the timing of
RTwoulddependon the volumeof residual disease and its rate
of progression. In situations where the pregnancy was known
earlier and due precautions taken during assessments and
surgery to safeguard the fetus, if the patient had better PSwith
minimal sequelae from disease and surgery or if a near-
complete resectionwas feasible, adjuvant RT could be delayed
till delivery; a possible induction after 34 to 36 weeks after
fetal lungmaturitywouldensure optimummaternal–fetal and
oncologic outcomes. The patient and family must be coun-
selled about the risks and gains, and their informed consent
(high risk) ismandatory. Following delivery, the patient can be
treated as any nonpregnant patient, and advice on breastfeed-

ing, contraceptive use, and modification of antiepileptics
given. Follow-up imaging such as CEMRI poses no hindrance
tobreastfeeding. Evenwith favorablematernal and fetal health
at delivery, long-term follow-up for both the mother (disease
control, QOL, mental health, future pregnancies) and the child
(structural andneurocognitivedevelopment, cancers, fertility)
is recommended.15
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Introduction

Wegener granulomatosis (WG) now known as granuloma-
tosis with polyangiitis (GPA) was first described by Friedrich

Wegener in 1936. It has characteristics of necrotizing gran-
ulomatous inflammation and pauci-immune vasculitis in
small- to medium-sized blood vessels. Involvement of the
kidney is common, which presents as proteinuria, hematuria
(microscopic), and hypertension.1,2 A very rare presentation
of GPA is solitary renal mass or multiple renal masses.
Differential diagnoses are renal tumors, abscesses, and lym-
phomas. Solitary renal mass is rarely a presenting feature of
GPA and is reported in only eight cases to date. Treatment is
cyclophosphamide, azathioprine, rituximab, and glucocorti-
coids. Most patients were diagnosed after nephrectomy;
however, we suspected GPA and managed conservatively
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Abstract Wegener granulomatosis (WG) now known as granulomatosis with polyangiitis (GPA) is
an uncommon autoimmune disorder of undivulged etiology affecting the respiratory
tract including paranasal sinuses, nasal cavity, lungs, and kidneys predominantly. GPA
presenting as a solitary renal mass is rarely seen. We present a case report of a 27-year-
old female presenting with a right renal mass along with pain, low-grade fever, and
arthralgia. Computed tomography scan of the abdomen revealed a hypodense low
attenuated renal mass with indistinct margins. Ultrasound-guided biopsy revealed
features typical of GPA. She was started on oral steroids (prednisolone 40mg) and
azathioprine. She developed pain, vomiting, and diarrhea after starting treatment with
azathioprine. Azathioprine was stopped and rituximab 1 g weekly was started for
4 weeks followed by 500mg 6 monthly injections. She got symptomatic relief at
4 weeks with a diminution of renal mass at 6 months follow-up. We report this rare
entity of WG presenting as renal mass. Suspecting and diagnosing renal mass as a part
of GPA prevented us from undertaking unnecessary surgical treatment in this patient.
Medical treatment with steroids and rituximab is effective in inducing remission and
maintenance.

Granulomatosis with polyangitis is uncommon autoimmune small to
medium vessel disease affecting kidney frequently. GPA presenting as
solitary renal mass is very rarely seen. Early diagnosis of GPA on basis
of clinical features and radiological study like CT scan is crucial.
Imaging guided biopsy is paramount for making a diagnosis of GPA.
Diagnosing GPA could prevent surgery as medical treatment is
effective. We highlight our rare presentation of GPA with renal mass
and its medical management.
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with rituximab, and steroids after diagnosing with ultra-
sound-guided biopsy. This article aims to present this rare
entity and review the literature.

Case Summary

A 27-year-old female presented with mild flank pain, loss of
appetite, and low-grade fever for 3 months. On examination,
her vitals were as follows: pulse was 84/min, blood pressure
108/70, and a lump was palpable in the right lumbar region
extending into the right hypochondrium and umbilical
regions. Investigations revealed hemoglobin 9.5 g/dL, urea
25mg/dL, creatinine 0.8mg/dL, total leucocyte count 10,300,
C-reactive protein (CRP) 127mg/L, and erythrocyte sedimen-
tation rate 57mm, and urine culture was sterile.

Ultrasound kidney, ureter, and bladder showed a hetero-
geneous hypoechoicmass of size 8.6�7.8�5.2 involving the
lower and mid pole of the right kidney that was displacing
the pelvic calyceal system. Contrast-enhanced computed
tomography (CT) scan was suggestive of an ill-defined
mass 8.6�7.8�5.2 cm in the lower and mid pole displacing
the pelvicalyceal system toward the upper pole, with mini-
mal internal vascularity. Mass had unclear borders and
was infiltrating perinephric fat and duodenum. Contrast
enhancement of mass was 50 to 60 Hounsfield unit,
which was as low compared to normal kidney parenchyma.
The heterogeneous perinephric fat stranding was seen.
Multiple lymph nodes were enlarged predominantly para-

aortic, and aortocaval, the largest measuring 28�32mm
(►Figs. 1–3).

Since the radiological features were unlikely of renal cell
carcinoma (RCC), an ultrasound-guided biopsy was planned
to rule out RCC, renal abscess, lymphomas, or tuberculosis.
Biopsy revealed inflammatory infiltrate with foci of neutro-
philic micro-abscess, epithelioid cells granuloma, and mul-
tinucleated giant cells spread among lymphocytes and
plasma cells along with neutrophils. The inflammatory
infiltrates comprised patchy foci of neutrophilic microab-
scesses, occasionally scattered epithelioid cells with epithe-
lioid cell granuloma (►Figs. 4 and 5).

Cytoplasmic–antineutrophil cytoplasmic antibody was
1:290 with strongly positive anti-PR3, suggesting WG. On
systemic examination, she had sinusitis with no involvement
of respiratory tract, lungs, eyes, ear, and skin. She was
prescribed azathioprine and steroids (prednisolone 60mg).
She was counselled regarding the disease and prednisolone
60mg was started with weekly tapering of steroids
(5mg/week till the 5mg dose was achieved. Prednisolone
5mg continued for 1 year. Azathioprine 50mg twice daily
was started; however, she developed abdominal pain, diar-
rhea, and vomiting after 2 weeks. Azathioprine was stopped
and rituximab was started 1 g weekly for 4 weeks then
500mg every 6 months. On follow-up, symptomatic resolu-
tion was seen with a resolution of renal mass at 6 months,
and her full blood count, renal function, and CRP returned to
normal.

Fig. 1 Axial contrast-enhanced computed tomography scan showing ill-defined heterogeneous mass occupying in mid and lower pole of the
right kidney with perinephric stranding.
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Discussion

WG is necrotizing granulomatous vasculitis of unknown
etiology involving the respiratory tract, lungs, skin, eyes,
kidneys, etc. It has varied presentations ranging from mild-
to-severe illness. It is small-to-mediumvessel vasculitis with
necrotizing granulomatous inflammatory nodules involving
the respiratory tract, and kidneys. GPA initially involves the
kidney in 20% of cases, although subsequent involvement is
seen in 80% of cases. Ocular manifestations ofWG are seen in
50 to 60 % of cases. It may occur secondary to granulomatous

sinusitis or due to focal vasculitis in the form of nasolacrimal
duct obstruction, proptosis, conjunctivitis, episcleritis, scler-
itis, corneoscleral ulceration, uveitis, and optic neuritis.
Kidney involvement is seen as microhematuria, proteinuria,
and renal failure. Microscopically, it is seen as patchy necro-
tizing glomerulonephritis.1,2

Renal mass is a rare presentation of GPA and its clinical
and radiologic manifestations are similar to a renal abscess,
tumor, or an inflammatory process.3

Maguire et al reported one patient had renal mass out of
31 patients presenting with GPA.4

Fig. 2 Coronal sections of the contrast-enhanced computed tomography abdomen show heterogenous mass mid and lower pole with ill-defined
margins, perinephric stranding, and involving duodenum.

Fig. 3 Urography films of contrast-enhanced computed tomography abdomen showing heterogenous mass mid and lower pole with ill-defined
margins. For Peer Review pushing calyces away without involving them.
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Frigui et al5 et al in a review of literature reported renal
involvement as renal mass in 13 patients. He concluded that
imaging alone cannot differentiate between renal tumors
and mass due to WG. Villa-Forte et al6 reported a case of
simultaneous development of RCC and GPA renal lesions and
proposed renal biopsy to confirm the diagnosis of suspected
GPA and repetition of imaging studies to determine the
resolution of mass lesions after appropriate treatment. He
reported renal lesions in a WG along with RCC.

GPA presenting with solitary renal mass is seen in only
eight case reports. Three patients were diagnosed with GPA

after nephrectomy for renal mass and one after partial
nephrectomy for renal mass. Four patients were diagnosed
with percutaneous biopsy and managed conservatively.7–15

Pathologic analysis of the masses in these cases revealed
them to be inflammatorymasses or pseudo tumors or RCC. It
is prudent to differentiate RCC from the inflammatory mass.
Taking a meticulous history and physical examination and
high clinical suspicion is of great importance to prevent
unnecessary interventions and delay treatment.

Yamamoto et al reported 24 cases of renal mass in GPA
with solitary lesions seen in 62%, (13/21), both kidneys
having multiple masses in 28.5% (6/21), and unilateral kid-
neys having multiple masses. The finding was confirmed
with a CT scan in 15 patients. The most common finding was
hypovascular mass with undemarcated margins. Other
investigations that can help differentiate could be magnetic
resonance imaging and positron emission tomography scans.
Other sites involved were seen in 50 % of cases including the
upper respiratory tract, ears, and lungs.

Immunosuppressive therapy, that is, primarily azathio-
prine, cyclophosphamide, rituximab, and steroids, has
markedly improved survival and remission rates in GPA
patients. However, the therapy with cyclophosphamide is
associatedwith significantly increased side effects and riskof
urinary bladder cancer development. Rituximab and azathi-
oprine are fewer toxic alternatives to cyclophosphamide.

In our case, a history of fever, arthralgia, flank pain, and
atypical features on CT scan like hypovascular mass with
indistinct borders, peritumoral stranding, and lymphade-
nopathy were crucial for diagnosis. Ultrasound-guided biop-
sy clinched the diagnosis. In addition, antineutrophil
cytoplasmic antibodies and anti-PR3 antibodies were posi-
tive. She was prescribed steroids and rituximab and she
responded dramatically. Renal biopsy, although paramount,
should not delay treatment if other features suggest GPA.
Diagnosis ofWG is critical as surgery could be detrimental in
these patients with delay in treatment.

Conclusions

In case of hypovascular renal mass in young patients with
suggestive history, a clinician should keep GPA in mind as
early diagnosis can make a difference. Medical treatment
with steroids and rituximab is effective in inducing remis-
sion and maintenance.
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Novel coronavirus has created a havoc in India; about 30
million cases have been reported and 0.4 million deaths are
recorded till nowdue to coronavirus disease 2019 (COVID-19).
But nowadays, some patients of COVID-19 in India are battling
a very rare but fatal disease, that is, mucormycosis or “black
fungus” disease. The consciousness about the black fungus
disease in many people of India is due to its rising cases of
COVID-19-associatedmucormycosis (CAM)mostly among the
people who have recovered from COVID-19. Following recov-
ery from COVID-19, thousands of cases of several complica-
tions of patients regarding CAMare reported especially during
the secondwave of COVID-19 in India.Mucormycosis or “black
fungus” is a rare disease caused by fungi belonging to the order
Mucorales. It is a disease observed following infectionwith the
novel coronavirus in India and has already taken the form of a
pandemic in many states.1,2 Therefore, scientists have chosen
to name the disease as a syndemic since this is synergistically
created with the pandemic. The ubiquitous molds of mucor-
mycosis having aworldwide dispersal, including the Rhizopus,
Apophysomyces, Mucor, and Lichtheimia species, are found in
plants, soil, decaying fruits and vegetables, and even in air. If
contact occurs with airborne spore, then it germinates into
hyphae and is regarded a very rare occurrence. This preferen-
tially takes place inside the bucconasal cavity. After germina-
tion, it can invadetheneighboring tissueandbloodvessels that
results in characteristic hemorrhage followed by black color
development. The visualization of these dark necrotic tissues
on skin and blood vessels of the affected person is termed as
black fungus disease. Till now five major forms of mucormy-
cosis have been identified, for example, rhinocerebral
(44–49%), cutaneous (10–16%), pulmonary (10–11%), dissem-
inated (6–11.6%), and gastrointestinal (2–11%) forms. Among

these, the most common rhinocerebral form usually occurs in
immunocompromised individuals. It exhibited a “pattern
paranasal infection” with a porch into the oral cavity often.
It is a quickly emerging angioinvasive infection, with rhinoor-
bital-cerebral andpulmonarymanifestations. According to the
Indian government, there are over 11,700 reported cases and
over 126 casualties as of May 2021.3 There is a surge in
terms of infection rates. Though mucormycosis is generally
regarded as harmless to an immunocompetent host, it may be
fatal in some cases in its combination form with factors like
indiscriminate use of steroids or other immunosuppressants,
even in subjects presenting withmild symptoms of COVID-19.
Immunocompromised patients like people with hematologi-
calmalignancies, damagedmucosal layer, uncontrolled diabe-
tes, ketoacidosis, and viral induced lymphopenia are theprime
victims of this deadly fungus.4 It is a fatal disease if unnoticed
as it is invasive to blood vessels, distant organs, nose, mouth,
eyes, sinus, and even brain. If untreated, the infection usually
develops speedily, and leads to death within a few days of
contamination.

Till the time this disease of public health importance
remains under-explored along with the scarcity of litera-
ture available with regard to various perspectives on mucor-
mycosis, medical professionals remain devoid of all the
necessary information collated together for tackling the
syndemic of mucormycosis. Mortality rate is as high as
80% for this fatal disease.5 General diagnosis relies on tissue
culture and histology that are very time consuming as there
are no serological tests for early diagnosis. Thus, after
recovery from COVID-19, patients should maintain a tough
vigilance in their health and if they find either of the
following symptoms, they should seek medical help as
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soon as possible. Some symptoms of black fungus disease
are as follows:

a. Face swelling
b. Eye swelling
c. Unusual bloody or black-brown discharge from the nose
d. Pain and numbness
e. Nasal or sinus congestion
f. Black lesions on nasal bridge or upper inside of the mouth

It is the need of the hour to prevent this syndemic to
spread in patients by limiting the usage of steroids
(glucocorticoid mainly) to people with mild COVID-19
infections. Beside this, only medical grade oxygen should
be used for all the patients after proper sanitization of the
cylinders. Wearing a mask post-COVID-19 can minimize
the infection of CAM, but reuse of the same mask for 2 to
3 weeks can increase the chances of infection of CAM. As
previously stated, one combination factor of CAM is
ketoacidosis; it can enhance proton-mediated displace-
ment of ferric form and accumulate serum-free irons that
in turn impair phagocytic activity which aids in the
growth of fungal pathogen.6 Similarly, the extensive use
of iron-laden multivitamins as “immunity boosters”
might lead to augmented free-iron levels as well. Some
other precautions should be taken by all the medical
professionals to beat the mucormycosis are as follows:

i. Proper decontamination of hospital environment.
Fungal pathogens can live up to hours to month in
hospital beds, bed bars, table, tap, etc.

ii. Use of disposable oxygen humidifiers and clean
distilled water in humidifiers and in oxygen
concentrators.

iii. Limit the use of iron and zinc supplements for the
management of COVID-19.

iv. Avoid the use of broad-spectrum antibiotics unless
required.

v. Maintain the personal hygiene strictly even after
recovery from COVID-19.

vi. Avoid staying in a damp environment.

vii. Avoid the overuse of steam inhalation and nonhumi-
dified oxygen. Steam inhalation may result in de-
struction of the mucous layer that may lead to easy
penetration of Mucorales.

viii. Maintain strict metabolic control including the blood
sugar levels.

ix. Educate the patients suffering from COVID-19 about
the early signs and symptoms of mucormycosis dur-
ing hospital discharge.

x. Use the amphotericin B (antifungal drug) to treat
mucormycosis followed by surgical debridement.

Presently the incidence of CAM is as high as 70% in India
than global average. Therefore, we must be very cautious
about the secondary fungal infections in COVID-19 patients.
This is the time to bring awareness of fungal diseases in India
as India needs better consensus for fungal diseases.
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A fairly recent paper published in the Annals of the National
Academy of Medical Sciences attempted to provide improved
and refined suggestions, based on a survey with a limited
number of respondents (n¼182), on how to improve the
faculty promotion criteria as suggested by the Medical
Council of India (MCI).1 The objectives of that paper were
noble, providing a finer-scale “reward” scale for different
manuscript types, and attempting to provide greater equity
to additional authors, thereby giving them a fairer chance of
more equal promotion opportunities. This letter encourages
reflection on additional issues that the erstwhile MCI and
Indian medical practitioners could consider to better or
additionally assess faculty promotion.

The first suggestionmay be controversial. In Table 4 of the
article by Patra et al, only positive scores are assigned to each
manuscript category, but no attention is paid to corrective
measures or misconduct. Consequently, an additional frac-
tional positive score (e.g., þ0.1) could be awarded for select
corrective measures in the literature that correct errors,2

while a punitive score (–1) be assigned to any paper category
that has been retracted due to misconduct such as guest
authorship, plagiarism, data fabrication, or other forms of
fraud. This supplemental set of scores would encourage the
correction of erroneous literature and would also send a
clearmessage thatmisconduct would have a negative impact
on career prospects and employment security, allowing
medical practitioners to reflect more carefully before engag-
ing in any nefarious or unethical activity.

The MCI promotion criteria focus heavily on a scientist’s
achievements. I propose a wider focus on science, society,
and scientists, in a balanced or equal proportions (the
“triple-S” approach). In this approach, research and research

papers that collectively display a responsible attitude toward
the integrity of science, such as through principles of open
science and reproducibility,3 are rewarded a bonus þ1 point
per paper. Similarly, research that tangibly benefits either
local or international communities,4 or that accommodates
robust and ethical international collaboration, could also be
rewarded. Finally, a bonus for research and publication
practices, including authorship attribution, that take into
consideration a fair (i.e., considering qualifications) and
balanced approach to gender equity5 would endow the
research institute and country with additional reputational
benefit.

Some of these suggestions might be considered liberal or
progressive, but ultimately a reflection on them is to make
medical faculty promotion and appointment fair, balanced,
equitable, and based on more realistic principles and
criteria.
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