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One who wins without problems, it is just
“VICTORY,” but,
One who wins with lot of troubles, it is “HISTORY”.
Covid-19, the short for Coronavirus Disease (occurring in)
2019, hit the world with a bang, beginning from Wuhan, the
capital of Hubei province in China. Tracing the history, the
first case (P-zero) was detected on December 8, 2019 (now
recognized to be a woman of 57 years, who sold shrimps in
the Huanan market admitted in the Wuhan Union Hospital on
December 10 and diagnosed on December 31 with Covid-19)
before several workers from the Huanan seafood market started
to fall sick with fever and respiratory symptoms of shortness of
breath, sneezing and cough, and some with dyspnea and signs
of pneumonitis.1,2 Three weeks later on December 31, Wuhan
Health Authorities announced a series of 21 cases of suspected
pneumonia of unknown origin, all linked to seafood market,
and notified to the World Health Organization (WHO) country office in China.2,3 The disease appeared to be highly infectious, causing considerable anxiety among physicians. Within
a month, 41 patients were getting treatment for this unique
infection in the Wuhan Union Hospital, where one of them
died in the meantime (but the P-zero is still surviving). Due to
fast-spreading transmission events, Covid-19 cases were widespread not only across mainland China but also beyond Chinese borders by January 21, 2020, as a result of symptomatic/
asymptomatic international or national travelers returning to
their native countries or other states of China, respectively.
On January 30, 2020, the International Health Regulations
Emergency Committee (IHREC) of WHO declared the disease
epidemic as Public Health Emergency of International Concern
(PHEIC), because as of January 27, more than 2000 cases had
been diagnosed in several other countries, besides China and
Hongkong: Thailand, Japan, South Korea, Singapore, Vietnam,
Taiwan, Nepal, Macao, Australia, France, Canada, and US. Most
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of these patients were living in, visited Wuhan, or were their
contacts.1-3 Human-to-human transmission was confirmed.4

China’s Response to Covid-19 Pandemic
China’s response to Covid-19 was quick; by 
early
January, 2020, the virus was identified and genomic
sequence determined.5 The virus was earlier termed
2019-nCoV (n for novel) but finally named SARS-CoV-2
(as well as the disease caused by it as Covid-19) on February 11, because it shared 79% identity with severe acute
respiratory syndrome (SARS) Coronavirus (SARS-CoV/
SARS-CoV-1) and 50% identity with Middle East respiratory syndrome (MERS) Coronavirus (MERS-CoV). 5,6
Besides, it was also revealed that it shares 88% sequence
identity to two Coronaviruses found in bats, batSL-CoVZC45 and bat-SL-CoVZXC21. 6 Based on the fact
that RNA Coronavirus typically evolves at a rate of 104
nucleotide substitution per year, it was suggested that
this virus has emerged from a single source in early
December or late November 2019. 5 It was also confirmed
that eight complete genomes of virus collected from
the nasal/nasopharyngeal and broncho-
alveolar lavage
(BAL) fluid samples of first cohort of patients were 99%
identical. Initially, epidemiology showed that the virus
spreads directly via contaminated aerosolized droplets
exuded from coughing and sneezing and inhaled during
inspiration by the person coming in contact of the infected patient, and indirectly via contaminated hands and
surfaces through touch and contact of facial skin near
nose; extensive person-to-person transmission was
confirmed, with clusters of infected families and close
contacts of P-zero (P0 or index case) and medical staff.7
There are reports that virus could be transmitted even
before the contagion-positive person shows symptoms.3,4
Soon it became evident that the rapid rise of confirmed
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cases outstripped the rate of increase of cases of SARS in
2002/3, raising serious global health concerns.
The super transmission events followed over the course
of the next 3 weeks: by March 11, the number of cases of
Covid-19 outside China increased by 13-fold, that is, more
than 1,18,000 and number of countries tripled, that is,
114 nations with 4291 people losing their lives to the disease,
forcing the WHO to declare it as a pandemic.8 The decision was
not taken to create panic but to take quick, timely, informed,
and decisive measures in order to contain the disease before
it threatens the total survival of humanity and overwhelms
the systems which support it at risk, be it health, economy,
environment, and so on. In legal terms, characterizing the
Covid-19 as pandemic made the whole world implement the
measures required to contain the disease effectively, as per
laws of the land.
As the Covid-19 is a new disease and still evolving, its
epidemiology, transmission mode and rate of progression,
pathophysiology, phenotype and clinical features, major
predisposing risks, and treatment options are not fully
understood. Whatever little understanding we have about
this disease was as a result of our experiences with similar
SARS or SARS-like diseases due to SARS-CoV emerging in
2002–2003, MERS caused by MERS-CoV in 2012, and lessons
learned from the outbreak of H1N1 influenza pandemic of
2009. Therefore, characterizing Covid-19 as pandemic would
make all the affected countries comprehensively implement
strict measures of geographical (inter- and intracountry,
inter- and intraregion and inter- and intracity, etc.), community, cluster, and individual social/physical isolation by strict
lockdown and sealing of areas/territories, suspend transport and travel, and quarantine the suspected asymptomatic
patients/contacts of infectious patients to reduce its transmission and expansion at the local and global level.
In the initial weeks following the spread of virus, the Chinese
government enacted laws and implemented draconian quarantine and social/physical isolation and clinical treatment measures, and ordered strict travel restrictions, suspending national
and international travel and forcing lockdown of states and cities, which affected normal life activities and movement of hundreds of millions of citizens. In some hard-hit cities, residents
were unable to leave their homes for more than a month, while
transport between major population hubs has been limited or
halted altogether. Although, these unprecedented measures
imposed a steep toll, both on many millions of ordinary citizens
who were forced to endure a life under lockdown, and country’s
economy witnessing a nosedive in the following weeks, it had a
salutary effect in slowing and ultimately halting the progress of
the Covid-19 in the country.
China’s pathbreaking, proactive, and systematic risk management strategies can be defined by 4Rs, that is, Right decisions at
Right time and Right place for the Right people have proven to
be effective in containing and controlling Covid-19. This became
possible because of collaboration between the government officials and health experts, paying attention to scientific evidence,
and listening to local and international health scientists.8
One can fight the virus once one knows where it is. The
weaponry used in this fight consisted of 5Ts, that is, Trace
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(and identify people who are exposed to pathogen), Test
(them for SARS-CoV-2, and if found positive but asymptomatic, isolate them and put in quarantine as they are at high
risk to infect others), Treat (them if they are symptomatic as
per national/global guidelines), Track (the people, patients
and clusters/hotspots of disease by carrying out all-round
monitoring to prevent the further spread of outbreak), and
create an atmosphere of coordinated Teamwork to obtain
every one’s cooperation to win the situation.
As of Tuesday, the March 31, 2020, the global tally of
SARS-CoV-2 cases crossed the 8,00,000-mark (which also
included 1,65,659 cases who have recovered/discharged
from hospitals) with 40,000 reported deaths and affecting
200 countries and territories, besides the two international
conveyances: the Diamond Princess Cruise Ship (harbored in
Yokohama, Japan) and America’s MS Zaandam Cruise Ship
(harbored in Holland). Hard-hit Italy, Spain, and Iran now
account for more than half of all Covid-19 cases and deaths
worldwide, and US has the most confirmed cases. The death
toll of 34,000 fatalities in the US from Covid-19 has surpassed
the official tally of 33,000 deaths in China, where the disease
now is in the phase of recovery.

Global Handling of Covid-19 vis-a-vis Other
Respiratory Tract Viral Infections
Several coronaviruses are pathogenic to humans but present
with mild symptoms. However, SARS-CoV-2 is the 3rd highly
pathogenic coronavirus to emerge in the last two decades.
The first coronavirus outbreak was of SARS in November
2002 which originated in animal food market in Foshan, a
city in south–west of Gangzhou in the Guangdong province of
China. This outbreak accounted for 8,422 cases of SARS with
916 deaths across 29 countries (5,300 cases and 349 deaths
in China alone), with an estimated case fatality of 11%.9
MERS was the second coronavirus disease which occurred
in 2012 in Saudi Arabia and other Middle East countries.
It led to 2,494 cases and 858 deaths; an additional 38 fatalities were reported later from South Korea, with a total of 27
other countries reporting the cases of MERS.9
Like SARS-CoV-2, SARS, and MERS, coronaviruses are
found to originate from bats and transmitted to humans
through intermediate hosts, Himalayan civet cats and dromedary camels, respectively. In case of Covid-19, the first measure taken by the local authorities in China was to alert the
WHO within 4 weeks of detection of the first patient and
also close the Huanan market with the aim to further prevent any zoonatic transmission. This is in complete contrast
to the SARS outbreak in 2002 when it took China 5 months to
report the disease to WHO and identify the civet as a reservoir for the disease and in the mean time the cat continued to
be sold in food markets throughout the country.

Clinical Manifestations and Fatality Rate
The clinical data from the 55,924 laboratory confirmed
SARS-CoV-2 positive patients showed the following common
symptoms: fever (98%), dry cough (76%), myalgia and fatigue
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(44%), breathlessness (31%), sore throat (rarely), sneezing,
stuffy nose and flu-like symptoms (5%); the majority of them
(75%) showed bilateral pneumonic changes on CT imaging.
Eighty-one percent of cases were considered mild and only
1 to 2% asymptomatic.8–10 The mortality rate was initially estimated to be 15%, although on the basis of the currently available data on large number of patients from several countries,
the fatality rate could be as high as 1 to 2% of all infections.
Critical illness in severe cases had respiratory failure, septic
shock, and multiorgan failure. The disease seems to have a
predilection for the elderly male population, especially with
comorbidities like diabetes mellitus, cancer, hypertension,
cardiovascular and chronic respiratory diseases in whom disease severity was observed to be high. Infants and children
appeared to suffer less as compared with adults. Children
recorded no fatalities, but they can infect adult patients
who come in their contact. Thus, all contacts of infant/
child patient need to take all precautions from catching infection from children with Covid-19 infection. The average incubation period is around 5 to 6 days but it appeared to be quite
variable and may be as long as 14 days.11

Patient Management
Equipped with the previous experience, knowledge and lessons from the SARS and MERS outbreaks, it was not only easy
to identify the novel pathogen using whole genome sequencing and to develop PCR-based diagnostic tests RT-PCR and its
variants from the genomic data but also get much needed
international cooperation once the WHO was informed in
time. As the disease has a super-spreading characteristic, a
WHO-guided key strategy to reduce transmission was used,
which involved correctly triaging and identifying patients
with severe acute respiratory infection at first point of contact to minimize exposure to others. The epidemiological and
clinical criteria must be met to classify the cases. Currently,
any one with severe respiratory infection, requiring hospital
admission with no alternative diagnosis and a travel history
to an affected country, region, or area during the 14 days
before the onset of symptoms, or anyone with any acute
respiratory illness and contact with a confirmed or probable case of Covid-19 (including in a healthcare facility), falls
under a suspected case definition.9 These case definitions
vary slightly from one country to another and may include
evidence of bilateral infiltrations in chest imaging, specific
symptoms of breathlessness or cough or anyone with the
fever and a history of travel to the country(ies) affected by
Covid-19.
With the timely release of disease-related epidemiological and clinical data in the public domain, WHO helped many
countries around the world prepare better to suppress the
spread and use it for the treatment of infection. For instance,
analyzing the more than 40,000 cases’ data in China, the world
came to know that 80% of Covid-19 patients will not need
medical intervention, while 20% would need medical treatment and care. This has made the health experts wise in balancing the demands of responding directly to Covid-19, while
maintaining essential health service delivery undisturbed,

thereby protecting healthcare workers and mitigating the
risk of system collapse due to large spurt in cases suddenly.
All observations in tackling the Covid-19 patients in almost all
affected countries including China showed that suppression
of virus transmission by social/physical distancing among the
general population and social isolation for those who have,
or live with someone having the disease, is a better strategy.
Besides, the Covid-19 patients need to be quarantined in isolation with equal protection of all contacts, including the healthcare staff by proper use of personal protective equipments
(PPEs) and observing all hand/body hygiene practices. A recent
study from the Imperial College, London, using the data of
population dynamics and healthcare facilities in 202 countries
not only reiterated these observations but clearly showed that
in the absence of suppressing interventions, Covid-19 would
result in 70 billion infections and 40 million deaths globally
in 2020. Mitigation strategies focusing on shielding the elderly
(60% reduction in social contact) and slowing but interrupting transmission (40% reduction in social contacts for wider
population) could reduce the burden by half, saving 20 million
lives; besides, the study predicted that even in this scenario,
health system in all countries will be quickly overwhelmed.13
This effect is likely to be most severe in lower-income settings where capacity is lowest. The study further projected
that the mitigating scenarios will lead to a peak demand for
critical care beds (as most of these patients are having acute
severe respiratory syndrome due to pneumonia and needed
ventilatory and allied support) in a typical low-income setting,
outstripping supply by a factor of 25, in contrast to a typical
high-income setting, where this factor is 7. As a result, it can
be anticipated that the true burden in low-income setting following mitigation strategies could be substantially high than
reflected by the above estimates.

Potential Treatment Strategies
Presently, there is no specific antiviral treatment recommended for Covid-19, and also no vaccine is available. The
treatment is symptomatic.14 For patients with severe infection, oxygen therapy is the major treatment intervention to
control hypoxia and respiratory distress. Mechanical ventilation may be required in cases of respiratory failure refractory to oxygen therapy, whereas hemodynamic support is
necessary for managing septic shock. However, systemic
corticosteroids therapy for viral pneumonia or acute respiratory distress syndrome (ARDS) are not recommended. It is
suggested that nonselective or inappropriate administration
of antibiotics should be avoided; however, some scientists
recommend it.
Although, no antiviral treatments have been approved, taking lead from the hindsight and experience of drugs found effective in controlling SARS, MERS, Swine flu, Ebola, Zika infections,
several approaches have been proposed, tried, some scientifically evaluated and informed to the medical community for the
large good of the humanity. Some of these drugs which showed
promising results include the use of two anti-HIV drug combination of protease inhibitors: lopinavir and ritonavir (that have
been reported earlier to reduce SARS and MERS replication),
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remdesivir (an approved reverse transcriptase inhibitor for the
treatment of Ebola infection), chloroquine, and hydroxychloroquine (anti-malarial and immunomodulating agents), all
have been demonstrated in vitro anti-SARS-CoV-2 activity.15
Tocilizumab, a humanized IgG1 monoclonal antibody against
IL-6 receptors and Interferon-α, has also been shown to suppress the Covid-19 progression.
The use of hydroxychloroquine has recently been recommended by the ICMR-mandated National Taskforce for
Covid-19 for use as prophylaxis of SARS-CoV-2 infection
in selected individuals who are asymptomatic healthcare
workers involved in care of suspected or confirmed cases or
asymptomatic household contacts of laboratory-confirmed
cases with a rider that the drug should not be given to known
cases of retinopathy, cardiac rhythm disorder or hypersensitivity to hydroxychloroquine and those children who are less
than 15 years of age.16
In addition, various vaccine strategies such as using inactivated SARS viruses, live attenuated viruses using latest codon
deoptimization technology, viral vector-based vaccines, subunit vaccines, recombinant proteins, and DNA vaccine, have
been developed and are being evaluated in animals. For some
which have shown promising preclinical results, clinical trials have just begun, but will take months to year to become a
therapeutic reality.

Covid-19 Scenario in India
In a short span of little over three months since December
2019, the Covid-19 has ravaged one nation after another
and spread to more than 195 countries/territories affecting
7,85,807 people as confirmed cases with 37,820 deaths. The
worst affected are European countries like Italy, Spain, France,
Germany, UK, and others like Iran and US. H
 owever, India
taking cue from the experience of other countries, where the
Covid-19 cases are very high, had put in place the controlling
measures to prevent the spread of the disease much earlier, i.e.,
from March 22, 2020 starting with a ‘Janta Curfew’ announced
by the GoI, when the number of total cases in the country
were around 500 only. This was accomplished by adopting the
balanced approach of more suppressive than mitigating strategies through strict lockdown; sealing of hotspot areas; and
suspending the transport and travel facilities in regions, states,
cities, and community areas all over the country. The people
were motivated to avoid unnecessary movement, physical
contact, overcrowding, and observe social distancing norms
and wear face mask in public places. Additional measures
were taken to obtain cooperation from general public and central and State governments’ staff members irrespective of their
belonging to any category of service to work hand-in-hand to
defeat the Covid-19 outbreak. By March 31, India reported only
around 5000 total Covid-19 cases with 150 deaths. Although
the comparisons are odious, it is important to put the global
data of rise of Covid-19 c ases into perspective. When the data
of rise in cases in India are compared with the increase in cases
in United States and European countries in the same time, it
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would be observed that this rise in cases is far more lower than
many advanced countries of the world. This is no small feat
for a country with a population of more than 130 billion people, having limited economic resources but highly dedicated
health professionals/workers and members of the administrative, academic, and scientific institutions. The role of such
people working from various central and state government
ministries’ task forces in the ICMR, Niti Aayog, AIIMS, medical colleges and research institutes all over the country and
large and small hospitals located both in urban/rural areas and
belonging to both public/private sectors is no small achievement. These people also included the officers and staff of police
and para-military forces, all working as partners in preventing
the spread of SARS-CoV-2 infection. A unique situation which
has been noted in the Covid-19 pandemic all over the world
including India is that the police and allied forces’ personnel
are equally participating along with the health professionals
in preventing the Covid-19 outbreak by not only enforcing the
strict lockdown and sealing of local areas and hotspots of the
disease but also checking the unnecessary movement of people and ensuring restrictions on transport and travel activities.
Without such a participation by police and law enforcing personnel, the success of the preventive activities could not have
been guaranteed. All these people worked as a cohesive team
with a scientific fervor, and are the proud partners in combating the Covid-19 outbreak. Nonetheless, the story is not over
yet, as we have miles to go; however, we will certainly win
if dedicated work is continued on a sustained basis with the
integrated and holistic approach.
In view of the size of the country and meager resources,
some people are attributing the India’s achievement of less
cases and mortality to the genetic profile of population,
universal BCG vaccination program, and an infection produced by a genomically mutated SARS-CoV-2 with attenuated virulence. These attributes may be coincidental, but,
in any case, it cannot minimize the efforts of citizens of
India, irrespective of their belonging to any vocation and
discipline.
No doubt, we are amid the hard times. It is time to reassure us but with a resolve of social distancing. The history
of human civilization is testament to man’s triumph on
numerous such catastrophes. Today the virus is a formidable adversary, but soon enough, it will be tamed. We must
give it time and bear the pain and loss incurred on the way
with equanimity. There is no other better way. In the grand
scheme of things, such calamities are bound to come and
go, and the struggle to win them over will always entail a
sacrifice. The same courage, scientific wisdom and medical ingenuity that enabled us control once dreaded small
pox, polio, and HIV will once again deliver us to safety and
make us come out as winner in our battle with SARS-CoV-2
too. This will happen slowly but definitely. However, let us
not leave even an iota of doubt in our efforts and resolve.
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A large number of medical research endeavors are made but only a few of them help
in improving health. The primary reason for this dismal picture is the poor quality of
most researches that increase the quantity but fail to make an impact. This communication suggests the steps that medical researchers can undertake to improve the
quality of their research.

research
►►research methodology
►►research data analysis

Introduction
What is a medical research without a new finding? This may
look like a valid statement but is not more than rhetoric.
A large number of endeavors is made around the world that
do not succeed in reaching to new results but many leave a
lesson for us. Failure to get anticipated results does not render
the research useless. If we know the result already, there is
no need for research. But there are several other “researches”
that do not contribute anything to our knowledge. This
can happen because their research questions are hazy, the
methodology is sloppy, the results are vague, or the reporting
is unclear. Perhaps “such space-occupying lesions” have
proliferated more in medical research quagmire than any
other discipline. Quality has taken a back seat amidst rush
for quantity.
Medline added as many as 813,598 citations in the year
2017 to its database.1 Perhaps there are a million other
publications that do not make the grade for indexing. Of
this enormous number, how many were able to contribute
to our knowledge is anybody’s guess but perhaps not more
than 1% of these get the attention, while the others vanish
into oblivion. If that is true, a lot of efforts and resources are
going wasted. In the opinion of Ioannidis,2 “most” papers
out of nearly 1 million from clinical trials conducted across
the world so far are not useful. Nearly 85% of billions of dollars spent each year on medical research go waste.3 Thus,
there is a desperate need to improve the quality of medical
research. This communication discusses the common pitfalls
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and problems with medical research and suggests ways to
improve quality.
This article starts with an explanation of the concept of
medical research because the problem starts with inadequate
understanding of what research is all about. The article
subsequently discusses the ingredients of quality of research
and provides advice on good reporting as an important
constituent of quality.

What Is Medical Research?
Research is trying to discover new facts, enunciate new
principles, or provide a new interpretation of the existing
knowledge.4 However, to qualify to be called valid research,
the research question must have relevance to our well-being,
it must contribute to the understanding of how and why
of a phenomenon we come across in our life. Searching for
answers to questions, such as what, when, and how much, is
also a valid part of research endeavors.
Dealing with intricacies of life and well-being, the science of health and medicine has a special appetite for such
inquiries. The objective of medical research should be
a better understanding of how our body, mind, and soul
function; why we get sick and what can be done to put the
system back on the homeostatic state; how to minimize
the adverse consequences; and how can we prevent such
aberrations. In a nutshell, medical research is trying to find
new ways to improve our health, not just physical but also
mental, social, and possibly spiritual. On the ground, this is
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done through laboratory experiments or clinical trials for
formulating or discovering new modalities, observational
studies to identify and delineate new risk factors, or epidemiological surveys for assessing the current status and
trends. With the gross functionalities of our body systems
presently understood fairly well, the focus now needs to be
on details at the micro level such as structure and function
of DNA. At macro level, it can transgress into studying such
minute details as the ratio of the length of two fingers for
their possible association with coronary artery disease.5
As mentioned earlier, unsuccessful research that fails to
come up with a positive finding is not waste so long as a useful hypothesis was examined with appropriate methodology.
It generates lessons for us and gives the direction for future
research. Miscues, such as finding that arthroscopic surgery
for osteoarthritis of the knee is not better than placebo,6
is also not a waste as they add to our knowledge. Wasteful
research has one or more of the following ingredients:
•• Irrelevant questions that do not need an answer or whose
answers are already known.
•• Unclear research question and tardy objectives that cannot
be directly measured.
•• Inappropriate design, such as using an observational
study to assess cause–effect relationship, and studying an
unrepresentative sample.
•• Inaccurate data either due to use of unstandardized
instruments (questionnaire, laboratory investigations,
clinical assessment, scoring system, etc.) or due to ignoring fallacies and errors, sometimes even cooked up data.
Table 1
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•• Superficial or wrong analysis such as using arbitrary
categories of quantitative measurements, doing logistic regression where Cox’s regression should be done, or
ignoring confounders.
•• Subjective or wrong interpretation of the results due to
incomplete understanding or to serve a preconceived
notion. Mixing of opinion with evidence-based results in
reaching to a conclusion also compromises the integrity
of research.
•• Insufficient or unclear reporting of either the methods or
results or conclusions.
The basic ingredient of quality medical research is that it
should be well intentioned and should be performed with
care and sincerity it deserves, done by using an appropriate
methodology, and is honestly reported. The details are given
next.

What Is a Good-Quality Medical Research?
Quality is a subjective term that takes varying meaning with
different professionals and in different situations. Yet, the
quality of a medical research can be assessed using the points
listed in ►Table 1. These have been briefly presented by
Indrayan4 and Ioannidis2 but in the present communication
an effort has been made to provide a much more comprehensive list in a language conducive for medical researchers of
all hues from postgraduate students to university professors.
Those who have conducted research and published their
findings may like to introspect and reexamine their papers

Steps to conduct research of good quality

Step

Details

Step 1:
The problem under
research

Clear specification of the research question. Justify the research question and consider how it will
contribute to improved health in real-life situation. Assess the feasibility after considering the available
resources such as time, expertise, and material. Review all the relevant literature without leaving out
the opposite view and underscore the lacunae in the existing knowledge. State the hypothesis, if any,
and list the objectives in measurable format with a specification of the outcome and antecedents under
investigation.

Step 2:
Complete specification
of the methodology

Choose the appropriate setting (clinic, laboratory, and community) that can elicit the correct answer
to the research question. Include the right type of subjects or patients, adopt a procedure for their
unbiased selection, and determine the sample size in consideration of the reliability of the estimates or
power to detect a medically important effect. Devise a suitable design for selection/allocation of the
patients keeping in view of the possible confounding factors. Use data collection tools (questionnaire,
clinical assessments, investigations with their units expressed clearly and correctly, scoring systems,
etc.) with established validity and reliability. Ensure that the data obtained are correct and complete as
much as possible. Use the appropriate method of statistical analysis considering the type of data and
the research objectives.

Step 3:
Obtain evidence based
results

Obtain the results exclusively from the data obtained in the study without imputing any opinion to keep
the focus on the research question. Take care of the missing values, outliers, confounders, and interactions, and do the required analysis to minimize their impact on the results. Prepare the right type of
the tables and illustrations that can improve understanding of the results. Assess internal and external
validity of the findings, and try to detect possible fallacies that can affect the findings.

Step 4:
Study the implication
of the results

Evaluate the results in view of the current knowledge as available in the literature and take inputs
from colleagues and experts. Explain the rationale of any variation from the existing knowledge and
resolve any conflict with other internal findings or external knowledge. Explore the possible alternative
explanation of the results and provide sufficient arguments against it. Consider how the associated
uncertainties (in the data) and the limitations of the methodology can affect the results.

Step 5:
Draw modest conclusion

Draw conclusions based on the results and other corroborative or conflicting evidence. Be modest in
conclusions because of the all-pervasive uncertainties in a medical setup.
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in the light of these criteria and assess the quality of their
research. The most important aspect that defines quality is
not the result but the methodology. When a relevant question
is examined with appropriate methodology, the research
is likely to have a good quality irrespective of the result.
However, a research that reaches to an unexpected result has
wide ramifications or the one that contradicts the current
understanding has much more impact than a research with
a routine result. But, for this too, the methodology must be
appropriate because only then the result can be believed.

but, instead, state them frankly that will increase the
credibility of the paper.
•• Make a distinction between results and conclusions.
Results are what your data say whereas the conclusion
is based on the results plus other evidence available in
the literature and a plausible biological explanation of
the results. Results tend to give too much importance to
the statistical p-values, sometimes even ignoring the multiple p-values that compromise statistical significance.
There is a great discussion going on these days regarding
the validity of the results based exclusively on p-values.9

Quality of Reporting
There may be instances where a research is performed with
utmost care as provided in the rule books7 but it fails to be
noticed because of sloppy presentation. This is not just language deficiency but some of us are not able to prepare a
draft in a manner that can make an impression.
Much of how a manuscript should be prepared should be
clear from the details provided in ►Table 1. Excellent texts
such as by Indrayan4 and Ray et al7 are available that can help.
In brief, the manuscript should contain the following:
•• Convince the reader that the research question is such
that its answer will help improve health in one way or the
other. A novel question attracts widespread attention. The
statement of research question should be unambiguous
and accompanied by a full justification of the choice of
topic with citation of the literature pointing to the lacunae. The lacuna could be in terms of conflicting or inconsistent reports or near complete absence of the kind of
thinking now is being explored.
•• Crucial for the credibility of the results is the methodology.
This should be described in detail so that nothing is left
to the imagination of the reader or reviewer. Convince
yourself and the reader that you have used appropriate
tools to obtain correct data. The method of analysis should
be focused on the stated objectives. The methodology
should be stated in a manner that anybody with sufficient
resources can replicate.
•• State the result with complete clarity and all the results
should be supported by the evidence collected during
the study. Make sure that the results are reproducible.
A recent BMJ Open Science blog8 gives details of how
reproducibility has become an overriding consideration. For this, demonstrate reliability and validity of the
findings (reliability and validity are two different aspects
of quality and should not be mixed). Demarcate the
medical significance of the results from their statistical
significance. State any coincidental findings as hypotheses
and not as results of the study.
•• Discuss the findings honestly in the light of the findings
of the others without leaving out inconsistent or conflicting reports. Resolve such conflicts by providing holistic
arguments. Do not gloss over the errors and limitations
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Conclusion
Medical research is on cross-roads and is being intensively
scrutinized for validity and reproducibility. Errors and fallacies are common that can jeopardize the health of a large
number of people when such results are applied to millions.10
Sloppy research is wastage of resources.
Researchers have the responsibility to produce research
of high quality that can be believed and can be applied to
improve health. This can be done by following the advice
provided in this communication.
Conflict of Interest
None declared.
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Introduction Sleep-related breathing disorders (SRBDs) including obstructive sleep
apnea (OSA) and central sleep apnea (CSA) are quite common and are the leading
causes of mortality in acromegaly. OSA in acromegaly is generally attributed to
changes in oropharyngeal soft tissues. Data on OSA in Indian acromegaly are scant,
especially cephalometric findings. The aim of this study is to evaluate the burden of
SRBDs in acromegaly and its correlation to cephalometric parameters.
Materials and Methods A total of 32 subjects (20 men and 12 women), diagnosed
with acromegaly on the basis of standard clinical, biochemical, and hormonal measurements were recruited. In addition to the above parameters, polysomnography and
magnetic resonance imaging (MRI) of the pharynx were performed in all subjects.
Results The mean age of the subjects was 42.66 ± 11.13 years (range = 26–66) and
mean duration of study after first presentation was 7.6 ± 6.3 years (range = 0.25–32).
A total of 28 of 32 (93.3%) subjects had sellar MRI documented macroadenomas while
20 (62.5%) patients were treatment naive at the time of assessment. Twenty-nine
(90.6%) patients had evidence of SRBD and all of them had OSA subtype. The
Apnea–Hypopnea Index (AHI) indicating severity of OSA (mild 21.8%, moderate 34.4%,
and severe 34.4%) correlated positively with tongue length, uvula length, and uvula
thickness on MRI. However, AHI had no correlation with the severity of GH excess or
disease activity or individual parameters such as weight, body mass index, blood pressure, hemoglobin A1c, serum human growth hormone, and insulin-like growth factor-1 level.
Conclusion SRBD, the generally overlooked comorbidity, is highly prevalent in subjects
with acromegaly and is almost always due to OSA, the severity of which correlates positively with tongue and uvula size. Well-designed, long-term follow-up study on a large
cohort of acromegalic patients is required to improve our understanding on the subject.
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Introduction
Acromegaly is a rare endocrine disorder characterized by
unregulated secretion of growth hormone (GH) leading to
varied clinical manifestations.1 Overall mortality is increased
up to threefold, with cardiovascular and respiratory disorders
being the leading causes.2 Obstructive sleep apnea (OSA) and
central sleep apnea (CSA) are typical sleep-related breathing
disorders (SRBD) complicating acromegaly.3-7 OSA is present in up to 90% of patients with active acromegaly and is
attributed to changes in soft, cartilaginous, and bony tissues
at the level of craniofacial, pharyngeal, and laryngeal structures leading to obstruction of the airflow.8-12 In addition to
the adenoid, uvular, and tonsillar hypertrophy, macroglossia
also narrows pharyngeal airway space in acromegaly8-12 causing air inflow impediment. Data on acromegaly from India
are scanty with a single study on a cohort of 271 acromegalic subjects reporting prevalence a of 10.3%, based on clinical questionnaire, with no comment on SRBD.13 Therefore,
in view of nonexistent data on SRBD in acromegaly patients
from India, we attempted to study this subject utilizing polysomnography or imaging modalities.

Materials and Methods
This was a cross-sectional study enrolling consecutive
patients of acromegaly attending the Department of
Endocrinology and Metabolism, All India Institute of
Medical Sciences, New Delhi from January 2016 to August
2017. The subjects presenting or referred with suspected
symptoms or signs of acromegaly were informed about
the study. Those volunteering to participate were required
to sign an informed consent before enrolling in the study.
The study was performed according to the Helsinki declaration of 1975 and the Institutional Ethics Committee duly
approved the protocol.

Subject Selection
The adult (18–70 years) subjects with known acromegaly
(treated or untreated) or those who came with suspicion and
qualified a diagnosis of acromegaly on the basis of standard
biochemical and imaging criteria as per the department protocol were included in the study.

Clinical Assessment
Subjects were evaluated in detail using a predesigned questionnaire recording details of medical facts such as history
of onset of acral enlargement, headache, visual problems,
hyperhidrosis, etc. in addition to demographic data such

Annals of the National Academy of Medical Sciences (India)

Vol. 56

No. 1/2020

as age, sex, family history, drug intake, presence of known
comorbidities like diabetes mellitus, hypertension, cardiovascular disease, etc. Besides recording of symptoms suggestive of SRBD like snoring, excessive day time sleepiness,
etc. subjects were asked to fill STOP-Bang screening questionnaire. Patients who refused consent, had any known
lung or CNS disease, antidepressant or sedative drug intake,
untreated hypothyroidism, had critical illness were excluded
from the study.
Physical examination included anthropometric parameters like height, weight, neck, waist and hip circumferences,
measurement of BP, and a brief systemic examination
emphasizing on clinical features of acromegaly (bony and soft
tissue enlargement such as prognathism, acral enlargement,
acrochordons, acanthosis, field of vision, etc.) and its systemic
complications. Height was measured by stadiometer and
weight by electronic weighing machine (SECA 813, Germany),
measurement of blood pressure (Omron 714, Kyoto Japan).
Waist circumference was measured midway between lowest
margin of last rib and tip of iliac crest. Hip circumference was
measured at the widest portion of the buttock with the tape
parallel to the floor. Neck circumference was measured just
below the laryngeal prominence perpendicular to the long
axis of the neck.14

Laboratory Evaluation
All the enrolled subjects had estimation of hemogram,
HbA1c, electrolytes, glucose, lipids, liver, and renal function tests, in addition to post-oral glucose tolerance test
human growth hormone (hGH) suppression test. Oral glucose tolerance test was done between 800 to 900 hours
after an overnight fast by administering 75 gm of anhydrous
glucose, followed by 10 mL venous blood draw at 0, 60, and
120 minutes after glucose challenge. The samples were cold
centrifuged, aliquoted, and immediately analyzed (blood
counts and biochemistry) or stored at −80°C until the assay
(for serum T4, thyroid-stimulating hormone, prolactin,
luteinizing hormone, follicle-stimulating hormone, total testosterone, estradiol, cortisol, human growth hormone [hGH],
and insulin-like growth factor-1 [IGF-1]).

Assays
Fasting plasma glucose was estimated by hexokinase method
using COBAS INTEGRA 400 plus analyzer (Roche Diagnostics,
Indiana, United States), and HbA1c was done by high
performance liquid chromatography (TOSOH G8 HPLC analyzer,
Tosoh Bioscience Inc, San Francisco, California, United States).
Liver function test, kidney function test, and other biochemical
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parameters were also analyzed on COBAS INTEGRA 400 plus
analyzer using standard methodologies. Serum hGH, IGF-1, and
other hormonal parameters (T4, thyroid-stimulating hormone,
prolactin, luteinizing hormone, follicle-stimulating hormone,
total testosterone, estradiol, and cortisol) were measured by
electrochemiluminescent immunometric assay (CobasE 411
analyzer, Roche Diagnostics, Indiana, United States) using
supplier protocol. Intraassay or interassay CVs were within the
prescribed limits.

Polysomnography
Complete overnight polysomnography was done using ALICE 5
sleep system (San Diego, California, United States). Recordings
included patient position, electroencephalography, and electrooculography for sleep staging, chin electromyography,
nasal airflow by a sensor, chest and abdominal strain gauges
for respiratory movements, electrocardiography and pulse
oxymetry for blood oxyhemoglobin saturation. From the
analysis of above recordings, the laboratory technician
reported the polysomnogram by the Apnea–Hypopnea Index
(AHI) score and was counterchecked by the pulmonologist
(R.G.). Grading was done according to the American Academy
of Sleep Medicine recommendations, that is, AHI score more
than or equal to 5 as diagnostic with 5 to 15 as mild, 15 to 30
moderate, and >30 severe.15

Magnetic Resonance Imaging Pharynx
Magnetic resonance image acquisition was performed
using 1.5T ACHIEVA PHILIPS MRI system (Med Image
Systems, Memphis, Tennessee, United States) with use
of 16-channel neurovascular coil. Region of interest was
from base of skull to laryngeal inlet craniocaudally. Images
were obtained in three orthogonal planes: axial, coronal, and sagittal with 4-mm thick slices. Image acquisition in the axial plane was done from the sphenoid body
through the upper larynx, strictly parallel to the hard palate, and the coronal and sagittal planes were perpendicular to the hard palate and parallel to the cervical spine,
respectively. Measurements such as diameters of nasopharynx, oropharynx, hypopharynx, and length of tongue
and uvula with uvula thickness were made by a single
observer (D.K.).

Statistical Analysis
Data were analyzed using statistical software STATA
14.0 (Texas, United States). Using Kolmogorov–Smirnov
test normality of data was checked. Variables following
normal distribution were expressed as mean ± standard
deviation, whereas others were expressed as median
(minimum and maximum).Comparison of AHI between
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treated and nontreated patients were done using Mann–
Whitney U test. Correlation of AHI with cephalometric parameters and serum IGF-1 levels were done using
Spearman correlation. A p-value less than 0.05 was considered significant.

Results
A total of 40 subjects with confirmed acromegaly were
screened and after exclusions (one patient did not give
consent, three cases fitted in exclusion criteria, and four
patients were lost to follow-up), complete data were available on 32 subjects (20 men and 12 women) and were
taken up for final analysis (►Fig. 1). The mean age of subjects was 42.66 ± 11.13 years (range = 26–66) and mean
duration before presentation was 7.6 ± 6.3 years. Mean
BMI of the subjects was 26.4 ± 4.3 kg/m2 with mean neck
circumference of 35.8 ± 3.18 cm. The clinical and biochemical parameters are depicted in ►Table 1. Headache
was the presenting symptom in 56% and visual field
restriction in 22%. Almost 100% had coarse facial features
while 96% had acral enlargement. A total of 9 out of 32
subjects (28%) had diabetes mellitus, whereas 13 (41%)
were hypertensive.
Majority of patients, 30 (93.7%) had pituitary macroadenomas. A total of 20 subjects were treatment naive at the
time of assessment and 12 had undergone transsphenoidal
surgery (TSS). Only 3 out of 32 (9.3%) subjects had controlled
disease as per the standard acceptable criteria.
OSA as defined by AHI more than 5 was present in
29 (90.6%) patients while none was diagnosed with CSA. The
frequency of mild, moderate, and severe OSA was seen in
21.8% (n = 7), 34.4% (n = 11), and 34.4% (n = 11), respectively.
Among the cephalometric parameters, tongue length correlated strongly with OSA severity (r = 0.56; p = 0.02) while
the correlation with uvula length (r = 0.38, p = 0.05) and uvula
thickness (r = 0.35, p = 0.07) was less strong (►Fig. 2).There
was no correlation of AHI with body mass index, blood pressure, hemoglobin A1c, serum insulin-like growth factor-1, or
human growth hormone levels, or with the form of therapy
received (►Table 2).

Discussion
SRBD is often overlooked complication of acromegaly with
almost negligible data from Indian subcontinent. The high
prevalence of OSA (90%) in the current study is similar to
the previous data from van Haute et al3 and Tsoy et al.4
Since most of our patients had longer duration of disease,
which was active in the most cases, it could explain such
high prevalence. We observed a strong correlation between
Apnea–Hypopnea Index (AHI) and tongue length with a
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Fig. 1 Pert chart showing flow of subjects in the study.
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Table1 Clinical, biochemical, and hormonal parameters of the study population
Parameters

Mean ± SD (range)

Age (y)

42.26 ± 11.13 (26–66)

Duration of illness (y)

7.6 ± 6.3 (0.25–32)

Height (cm)

165.4 ± 9.7 (142–185)

Weight (Kg)

72.5 ± 13.8 (45–100)

BMI (Kg/m )

26.4 ± 4.4 (21–37.5)

Waist circumference (cm)

92.8 ± 10.1 (74–114)

Hip circumference (cm)

101.4 ± 10.6 (85–124)

Neck circumference (cm)

35.8 ± 3.18 (31–42)

Systolic BP (mm/Hg)

138.6 ± 14.8 (100–160)

Diastolic BP (mm/Hg)

86.8 ± 10.4 (56–110)

Fasting blood glucose (mg/dL)

104.3 ± 23.8 (82–241)

HbA1C (%)

5.9 ± 1.7 (4.9–11)

Serum total cholesterol (mg/dL)

171.8 ± 30.2 (118–251)

Serum LDL Cholesterol (mg/dL)

107.3 ± 32 (84–182)

Serum HDL Cholesterol (mg/dL)

40.8 ± 6.5 (30–52)

Serum triglycerides (mg/dL)

160.9 ± 87.7 (86–341)

Serum IGF-1 (ng/mL)

721.9 ± 277.6 (311–1396)

Serum fasting hGH (ng/mL)

22.3 ± 22.4 (0.8–80)

Serum hGH (1-hour postglucose load) (ng/mL)

21.3 ± 21.8 (0.6–80)

Serum hGH (2-hour postglucose load) (ng/mL)

20.8 ± 22.8 (0.5–80)

Serum prolactin (ng/mL)

22.6 ± 22.4 (2.6–104)

Serum total T4 (µg/dL)

7.67 ± 1.5 (5.4–11.6)

2

Abbreviations: BMI, body mass index; BP, blood pressure; HbA1C, hemoglobin A1c; HDL, high-density lipoprotein; hGH, human growth hormone;
IGF-1, insulin-like growth factor-1; LDL, low-density lipoprotein; SD, standard deviation.

Fig. 2 Correlation of Apnea–Hypopnea Index with (A) tongue length, (B) uvula length, and (C) uvula thickness.

Table 2 Correlation of cephalometric parameters Apnea–Hypopnea Index
Parameters

Mean + SD

Spearman correlation coefficient r

p-Value

Nasopharyngeal diameter (cm)

7.06 ± 1.32

0.009

0.961

Oropharyngeal diameter (cm)

1.35 ± 0.45

0.069

0.730

Hypopharyngeal diameter (cm)

1.19 ± 0.42

0.121

0.550

Tongue length (cm)

7.79 ± 0.67

0.569

0.002

Uvula length (cm)

4.5 ± 0.60

0.385

0.050

Uvula thickness

1.31 ± 0.37

0.358

0.072

Abbreviation: SD, standard deviation.
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weaker correlation to uvular length and thickness suggesting the role of these anatomical abnormalities in the
pathophysiology of OSA among acromegaly. These results
are supported by the observations by Castellani et al,16 who
showed higher uvula thickness and tongue length in acromegaly patients with OSA compared with those without
OSA. On the contrary, van Haute et al3 and Sesmilo et al17
showed no correlation between severity of OSA and cephalometric parameters. The differences could be attributed
to variations in image acquisition and interpretation in
these small cohorts. Castellani et al16 measured the cephalometric parameters using a software program whereas
in the study by van Haute et al,3 the measurements were
done by a certified radiologist like in our study. The mode
of imaging used was also different in the various studies.
van Haute et al3 and Castellani et al16 used MRI for image
acquisition, while Ip et al and Parolin et al8,18 and Sesmilo
et al17 used computed tomography and teleradiography,
respectively.
This is the first data on acromegaly and SRBD among
Indian subjects although there are several limitations. These
include small sample size, lack of comparative group with
disease remission, and absence of long-term follow-up.
We conclude that SRBD is generally overlooked comorbidity of rare condition such as acromegaly and it is highly
prevalent in subjects with acromegaly. OSA is almost always
the type of SRBD in these cases, and its severity correlates
positively with tongue and uvula size. Studies involving large
cohort of acromegalic patients with robust follow-up design
are required to throw more light on the subject.
Conflict of Interest
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Objective To introduce a protocol for improving hemoglobin (Hb), rectifying anemia
in pregnant women and school children through practice of interventions.
Materials and Methods
Pregnant women (n = 3,262) visiting antenatal clinics
(ANCs) in two government hospitals in New Delhi were screened for Hb using a hemoglobinometer. Those anemic with Hb <12.0 g/dL were tested for fluoride in urine
–
samples, using ion meter with F -specific electrode. Those who are anemic with high
urine fluoride level (UFL ≥1.0 mg/L) were tested for fluoride in drinking water. If water
fluoride is ≥1.0 mg/L, a large number of samples were tested from the neighborhood
water sources. Besides, the pregnant women were advised to use water from safe
sources for cooking and drinking purposes. The pregnant women, who visited ANCs
were retested for Hb and UFL during every visit and introduced to diet editing and diet
counseling. Body mass index was calculated initially and prior to delivery. Delivery outcome information was collected and recorded from labor room register.
Girls and boys (n = 2,420) attending six schools in the national capital were inducted in
the study. “Informed consents” were obtained from the parents of the recruited children
and the principal of the school. The “ascent” was obtained from the children. The protocol comprised screening for Hb and testing of fluoride levels in the urine and drinking
water. Diet editing and counseling were introduced to parents/mothers during parent–
teacher meetings and impact of the interventions was assessed at 1, 3, and 6 months
postintervention and the recorded data were evaluated and analyzed statistically.
Results It was observed that 83% of pregnant women in whom anemia was corrected
delivered normal birth weight infants (2.5–3.89 kg). The 17% women in whom anemia
was not corrected gave birth to low birth weight infants (1.87–2.48 kg). The school
children in whom the diet editing was used as an intervention showed statistically
significant enhanced Hb levels. These children did not require weekly iron and folic
acid supplementation. It appears that educating parents to provide nutrient-rich food
for correcting anemia seems to be an important intervention.
–
Conclusion Fluoride from water, food, beverages, use of rock salt with high F 157 ppm
in cooking and churans when withdrawn, structural changes in the gastrointestinal
system was rectified, thus enhanced absorption of nutrients. The nation should have
a meaningful protocol to do justice to pregnant women and school children afflicted
with anemia.
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Introduction
How long women and adolescent girls in India have to wait
to get their health problems caused due to low hemoglobin
(Hb) corrected? The national program focusing on iron and
folic acid supplementation (IFS) to pregnant women visiting
Antenatal Clinics (ANCs) commenced almost four decades
ago.1-3 Besides, since 2012, school children have been introduced to weekly iron and folic acid supplementation (WIFS).
In spite of these massive efforts and investments, there is still
no light at the end of the tunnel. What are the reasons? Until
now, the focus has been on iron deficiency and nutritional
supplementation through tablets and improved diet, and
mid-day meals in schools were considered the way forward.
Maternal and newborn/infant mortality besides low
birth weight infants have long been plagued the nation.
Commendable work on minimizing maternal mortality ratio
(MMR) and infant mortality rate commenced in India since
1980s. However, India missed achieving the millennium
development goals (MDGs) until 2015. The hopes are now
pinned on Sustainable Development Goals (SDGs) by 2030.
The nation needs policy decision to introduce a novel strategy field tested and successful for correction of anemia in
pregnant women and school children.
Considerable investments have been made by the
Department of Science and Technology (DST) and
the Department of Health Research (DHR) through the Indian
Council of Medical Research (ICMR) in the recent past to
investigate the problem of preventable anemia in pregnant
women and school children, both girls and boys. The investigators chalked out a plan the way forward to achieve what
the nation could not achieve so far. According to the novel
strategy, the problem of anemia was addressed through
a nonnutritional pathway to begin with to understand the
implications. It was then followed by nutritional interventions which are essential for achieving sustainability. The
nonnutritional pathway was focusing on an environmental
toxin fluoride entering the body through drinking water and
food.4-9 The role of the toxin in damaging the gastrointestinal
(GI) system and preventing the absorption of nutrients was
evident from the basic structural and functional studies performed earlier.10
The Fluorosis Research and Rural Development Foundation,
which is possibly one of the very few organizations in
India with the expertise and skills in addressing fluoride
toxicity, has developed a protocol to address anemia and
–
its rectification through elimination of F toxin. Pregnant
women from two hospitals and school children from six
schools were studied to address the problem during the last
decade. The strategies toward ending preventable maternal
and infant mortalities due to gestational anemia and low
birth weight infants are possible as adequate field testing and
baseline data are available and announced for the benefit of
the national/global scientific community.
The genesis of the novel strategy has its origin in investigations on nonulcer dyspepsia (NUD)/irritable bowel
syndrome (IBS) in patients nonresponding to treatment
and dates back to 1990s. The authors wish to revert to
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their investigations performed on patients with NUD/IBS.
The patients were investigated for fluoride toxin consumed
through untreated ground water. The ground water in India
–
is highly toxic due to F > 1.0 mg/L in 20 states and union
territories and the maximum fluoride detected so far is
48.0 mg/L. Samples of water, serum, and urine of patients
with NUD/IBS were investigated for fluoride content. The
protocol developed had a provision to rule out the possibility of Helicobacter pylori infection and Giardia lamblia
and other relevant tests were also incorporated.11 As fluoride intake was high in sample group of patients compared
with control group, upper GI endoscopy was done. The
biopsy materials obtained were examined using routine
histopathological procedures. Besides, the biopsy material
was examined under scanning electron microscope (SEM)
for morphology of the GI mucosa. As the results were
highly informative, patients with skeletal fluorosis on high
fluoride intake and patients with otosclerosis on fluoride
therapy as positive controls were also investigated following the same protocol for critically evaluating the SEM
–
observations. Withdrawal of F entry to the body through
drinking water and other sources was introduced as interventions. The patients with NUD/IBS recovered within a
short interval of 5 to 10 days without any drug administration. Nutritive diet was promoted so that recovery is
faster. The protocol designed and clinical investigations
performed are reported in ►Fig. 1. A series of publications revealing loss of microvilli, mucus production, and
cracked clay appearance of the mucosal surface appeared
in reputed international journals were the early contributions.12-17 These researches revealed the extensive damages
caused to the body by high fluoride intake. These studies
also led to the observation that IBS/NUD can be the earliest
manifestations of fluoride toxicity and used for suspecting
fluorosis. It was during early 2000, patients with fluorosis
knocking at the doors of the Fluorosis Research and Rural
Development Foundation for diagnosis and recovery were
also investigated using the same protocol and followed up.
The impact of nutritional intervention, promoting consumption of fruits, vegetables, and dairy products rich in
antioxidants and vitamins were field tested in patients
with fluorosis, and the impact on recovery of the patients
were followed up.18,19 Patients with fluorosis who were
–
investigated for F intake through water and food contin–
ued to be an avenue for assessing F toxicity effects on Hb,
serum, and urine fluoride levels (UFLs).
Attention drawn to use Hb level as a yardstick for assessing recovery of the patients from fluoride poisoning effects.
These efforts were meaningful to assess the impact of the
interventions.19-21 It is also important to point out at this
juncture, fluoride entry to the body is more through food,
beverages, and spices containing rock salt with 157 ppm F22
than water. Street food/junk food highly laced with rock salt
for its aroma and tangy taste is popular among the communities of all states in India.
This communication with the earlier information is to
logically explain, where the nation need to focus attention
besides developing meaningful slogans such as “Anemia
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Fig. 1 Protocol drawn up to investigate nonulcer dyspeptic complaints due to consumption of excess fluoride. (This image is provided courtesy of
Prof. Rakesh Tandon, MD, PhD, then the sub-dean and head of the Department of Gastroenterology in the All India Institute of Medical Sciences.)

Mukt Bharat” as the final goal. The ground realities need
to change, which is yet to take place. Most importantly, the
Department of Obstetrics and Gynecology in the country
need to develop infrastructure and human resources to
address the fluoride issues as the nonnutritional factor
effectively. The nutritional intervention to follow does not
involve major inputs as it is being practiced in ANCs hospitals and schools.
The investigations were performed in three different sets
of individuals using the same protocol and guidelines.
The investigated subjects were: pregnant women; adolescent girls; boys and girls. The methodology, exclusion
and inclusion criteria, and results are reported separately
for each of the three sets of individuals investigated with
interventions practiced for clarity.

Materials and Methods
Pregnant Women

Two government hospitals in the national capital territory were
chosen, one from west and the other from east of Delhi. The
hospital administration and the obstetrician and gynecologist
of the hospitals were explained the procedure and protocol.
They participated in the program. ANC approach was preferred,
as the investigations could be performed and monitored until
delivery.

Exclusion and Inclusion Criteria
•• Pregnant women more than 20 weeks of gestation and
those suffering from diabetes, tuberculosis, bleeding
during pregnancy, high blood pressure (BP), HIV AIDS,

Annals of the National Academy of Medical Sciences (India)

Vol. 56

No. 1/2020

17

18

Anemia in Pregnant Women and School Children

Susheela, Kumari

malaria, and other health problems were excluded. Only
those who were in first or second trimester and anemic
(Hb < 9.0 g/dL; Hb < 11.0 g/dL) were considered for investigations. There were 3,262 pregnant women who were
screened for participating in the program.
•• The sample and control groups’ women were identified
through a computerized random sampling procedure. The
investigations in sample and control groups were three
–
laboratory tests (1) Hb test, (2) F content in drinking
–
water, and (3) F content in urine sample. Hb tested by
HemoCue 201+ which is extensively used for field studies.
–
F was estimated in water and urine using ion meter with
–
F -specific electrode.23 The sample and control groups
women consumed iron and folic acid tablets provided by
the hospital. Hospital also provided diet counseling. The
Fluorosis Research and Rural Development Foundation
ensured that they ate nutritive diet with fruits, vegetables, and dairy products and avoided the street foods,
snacks, and churans containing rock salt with high fluoride. Height and weight measurements were made and BP
measurements from hospital records were transferred to
the study format.

Interventions Practiced
•• Diet editing was provided to avoid consumption of fluoride
containing food, water, and other substances for arresting
injury to GI mucosa. If fluoride in water has > 1.0 mg/L, the
family was shifted to a safe source available in the nearby
locality. If urine fluoride was high > 1.0 mg/L, information
on diet and dietary habits traced to identify the source of
fluoride and advised against its consumption and possible
adverse effects explained.
•• Diet counseling was introduced to promote intake of
nutritive diet. They were also given printed information on
dietary regime to follow. The information benefited other
members of the family and was not pregnancy specific.
The control group was not included for providing interventions. The pregnant women were advised to attend ANCs,
once in every month. Some did and some came after longer
interval. On every visit, the women were tested for Hb and
–
urine F . They were also advised delivery in the same hospital,
but some went to their mother’s house for delivery, and some
delivered in a nearby hospital as per their convenience. Prior
to analyzing the data as per the protocol and guidelines, it was
decided among those women who attended ANCs minimum
of three visits were only be considered for evaluation. The
contact period through maximum seven visits to ANC among
sample group was 120 days and in control group, 111 days.
The body mass index (BMI) was calculated during the first
visit and the last visit prior to delivery. The delivery details and
birth weight of the infants were recorded from the labor room
register. This is to state that Prof. (Dr.) Kamla Ganesh, director, professor of Department of Obstetrics and Gynecology,
Maulana Azad Medical College was the consultant obstetrician who designed the protocol and guidelines for the study.
The total numbers of women who followed the guidelines in
sample and control groups were 481. The sample group had
Annals of the National Academy of Medical Sciences (India)
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234 and control group had 247 pregnant women. The results
presented are from the two groups.

School Children

Anemia in school children was dealt with (1) adolescent girls
in one school and (2) boys and girls in six schools. The protocol
drawn up was slightly different although aimed at assessing
the drinking water fluoride, UFLs, and Hb. The impact of two
interventions diet editing and diet counseling was followed
up at three intervals (1, 3, and 6 months) postintervention.

Adolescent Girls
Adolescent girls 10 to 17 years of age studying in classes
VI to X at a Government Senior Secondary School were
eligible and enrolled in the study (n = 943). The investigating
team addressed the school administration and teachers
and how anemia can be corrected with simple dietary
interventions. When the school was interested to improve the
health of the students, the principal and parents completed
the “informed consent document” as well as the “ascent” of
the children to commence the study. The school dewormed
the children at the school’s expense and provided a classwise
list of dewormed students. Urine sample from girls during
menstrual period was not collected.
The three tests done were (1) Hb for screening the
–
number of anemic students, (2) drinking water F , and (3)
urine fluoride. Besides, nutritional education which included
diet editing followed by diet counseling was imparted to
mothers of students in groups in the presence of their
wards and teachers during parent–teacher meeting (PTM).
A little pictorial booklet on different recipes for breakfast,
lunch, and dinner was provided for better understanding
of the information imparted on completing the baseline
investigations. It was also designed to know the impact of
intervention at first, third, and sixth months postintervention.

Boys and Girls
Students from six schools were also included (n = 2,420).
In investigating school children, four schools were grouped
under sample and two schools under control group. The
protocol involved testing drinking water both in sample and
control schools for fluoride content. The urine fluoride was
tested besides Hb. The sample school children provided diet
editing and counseling during PTMs and followed up the
impact at first, third, and sixth months postinterventions.
The control group children were provided diet counseling
but not diet editing. The results are reported on Hb in the
children in sample and control schools.

Results and Discussion
In Pregnant Women

The studies focusing on correction of anemia in pregnancy
commenced with focus on fluoride withdrawal from con–
sumption cum use. The concept that F is good for teeth
misguided the entire nation. The concept is proven to be
unscientific and unethical since decades. In view of the earlier facts, the U.S. Department of Health and Human Services
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Federal Panel on Community Water Fluoridation has made
a final recommendation on community water fluoridation
that replaces the relevant parts of the 1962 Drinking Water
Standards. Although the earlier recommendation, based on
the outdoor air temperature of geographic regions involved
–
a range of 0.7 to 1.2 mg F /L, the new recommendation, for
community water systems that currently fluoridate or plan
–
to do so, is for a level of 0.7 mg F /L.24
The results obtained from investigating 234 sample group
and 237 control group pregnant women are reported after
appropriate statistical analysis. The results have been published.25-27 The results published reveal:
•• The Hb improved in sample group women from 5.6 to
14.0 g/dL in 77% of pregnant women prior to delivery.
•• The UFL reduced in 65% in pregnant women in sample
group prior to delivery.
•• Preterm deliveries (< 34 weeks’ gestation) reduced to 1%
in sample group in contrast to 5% in control group.
•• Term deliveries (34–37 weeks’ gestation) reduced to 27%
in sample group in contrast to 32% in the control group.
•• Full-term delivery (≥ 37 weeks’ gestation) enhanced to 72%
in sample group in contrast to 63% in the control group.
The pie chart (►Fig. 2) is the dressed up data from the
sample group (n = 234) and control group (n = 247).
The pie chart on pregnant women delivering normal birth
weight infants (2.5–3.89 kg) achieved 83% in sample group,
reducing low birth weight infants (1.8–2.48 kg) to 17%,
whereas in control group, the normal birth weight infants
were only 59% and low birth weight infants reached to 41%.
This is the first time the nation has achieved such valuable
outcome following withdrawal of a toxin from ingestion.
Scientists/obstetricians in the past made efforts to
inject iron sucrose.28,29 The Federation of Obstetricians and
Gynecologists of India (FOGSI) had tried to bypass the GI
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route by two to three injections of iron–sucrose complex
through intravenous/intramuscular route to correct anemia and it worked (personal communication with president, FOGSI, 2010). They made a proposal and submitted
to the government for adopting the new route for iron
administration. But it did not meet with the approval of
World Health Organization as announced by a senior official of the Ministry of Health and Family Welfare during
the Global Maternal Health Conference, organized by Bill
& Melinda Gates Foundation; Engender, United States; and
Public Health Foundation of India held in New Delhi during
September 2010.
When advised administration of iron and folic acid, the
pregnant women may or may not accept the treatment. There
is a yet another serious drawback that the growing fetus needs
a variety of other nutrients, besides iron and folic acid for
developing into a normal healthy infant. However, it was amply
evident that there are problems in absorption of iron and folic
acid besides other nutrients in the diet due to serious structural
derangements in the GI tract due to several reasons including
the abnormally high amount of fluorides in drinking water and
food. As reported in the introduction, the observations made
–
due to F toxicity due to drinking water and food with high fluoride contents were loss of microvilli, loss of mucus production, and denatured mucosal surface with extensive cracked
clay appearance (►Fig. 3A–C). The issue may be complex, but
demands probing into, in the interest of maternal and infant
health in India. What are the flows and how it was caused by
fluoride? What does fluoride do to the body?
1. Decreases production of red blood cells (RBCs) by bone
marrow and other hemopoietic tissues and increases
erythrocyte abnormalities resulting in premature death
–
of RBCs. Owing to F -induced thyroid hormone deficiency,
an adequate stimulus was lacking for RBC production.
2. Reduces blood folic acid activities.

Fig. 2 Showing pie charts of sample and control groups, where the normal birth weight infants born to healthy nonanemic mothers are 83%
reducing low birth weight infants to 17% compared with the control group. Sample group: Provided (1) diet editing and (2) diet counseling,
besides iron and folic acid supplementation. Control group: Provided (1) diet counseling only and (2) no diet editing. Iron and folic acid supplemented. LBW, low birth weight (< 2.5 kg); NBW, normal birth weight (> 2.5 kg).
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Fig. 3 Three scanning electron micrographs (SEM A–C) showing the normal mucosa (SEM A) and damaged gastrointestinal mucosa with loss of
microvilli, loss of mucus droplets, and cracked clay appearance (SEM B and C) occurring due to drinking of higher fluoride contaminated ground
–
water. Upon withdrawal of F within a few days the mucosa regenerated and absorbed nutrients and Hb enhanced.

3. Diminishes beneficial microbial growth in the gut and
inhibits production of vitally needed vitamin B12.
4. Causes loss of microvilli (brush border) in the intestinal
lining resulting in poor absorption of nutrients critical for
the biosynthesis of Hb.
If the fluoride levels in drinking water are high, then they
–
were diverted to safe drinking water (F ≤ 1.0 mg/L).
In spite of consuming safe water, fluoride high in urine
and low Hb were introduced to diet editing and diet counseling during the visits to ANCs to eliminate fluoride
consumption through food and habit forming substances
namely churans and promote nutrients intake.
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The maternal health program needs changes in policy for
“obstetric practice” by way of introducing a few additional
tests, and monitoring the pregnant women during regular
ANC visits until delivery. The solution for correcting preventable maternal mortality has been field tested for 15 years and
results made available through publications in reputed journals. Withdrawal of fluoride from consumption and use can
be designated as a “masterstroke” as the damages inflicted in
a body can be reversed. Hb production improved leading to
better health among the poor and rich, rural and urban, and
educated and uneducated pregnant women. The BMI also
revealed positive changes (►Table 1).
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To end anemia in pregnancy and promote maternal and
infant health, it should not take long time for the nation to
achieve “Anemia Mukt Bharat.” India, undoubtedly would
lead the nations across the globe with the novel idea in combating the problem which the nation was involved for four
decades. It is one of the simplest solutions presently known
to exist. The protocol developed should set matters right
and accept the verdict that fluoride is a major factor causing
the damages in lowering Hb production and its withdrawal
is promoting improved Hb and correction of anemia in all
sections of the society. There is no shortcut for improving
Hb in pregnancy and birth weight of infants than promoting safe water and nontoxic food for consumption with IFS.
India need not be waiting until 2030 to attain the results of
SDGs, to correct anemia. This communication is for delivering justice to pregnant women and infants in the nation at
the earliest.

In 1, 3, and 6 months postintervention, 162, 240, and 244
students from 250 were participated. Holidays, festivals, and
menstrual period led to the absence of a few students for
impact assessment.
The most interesting observation was that anemic students in 1, 3, and 6 months reduced significantly, whereas
in nonanemic category (> 12.0 g/dL) which was nearly 0%
at baseline survey increased by 20% by 1 month, 31% by
3 months, and 41% by 6 months postintervention. These
were statistically significant at p-value < 0.0001. Hb ranged
from 12.1 to 13.3, 12.1 to 14.0, and 12.1 to 14.4 g/dL, respectively, during 1, 3, and 6 months compared with baseline
data. The approach adopted with adolescent girls, educating the mothers paid dividend and interventions practiced
would also help ensuring, beneficial by preventing transgenerational anemia, that is, adolescent girls getting married at a
young age and producing anemic infants.30

In School Children

Boys and Girls in Six Schools

Adolescent Girls
In one school with 943 students, anemia (Hb < 12.0 g/dL)
prevalence was 57%. UFL >1.0 mg/L was prevalent in 56% of
students. Of 250 adolescent girls who were anemic with high
UFL with parent’s consent, 88% of girls participated in the
study. The drinking water fluoride was safe and ranged from
0.114 to 0.88 mg/L in the school and homes. The baseline
study revealed severe anemia (< 7.0 g/dL) in 3% students,
moderate and mild anemia (7.0–12.0 g/dL) in 97%, and
nonanemic (> 12.0 g/dL) were 0% among the 250 participated
in the program. Tests were repeated, that is, Hb & UFL in 1, 3
and 6 months postinterventions.

As the highly destructive fluoride enters the body with a
variety of sources besides drinking water, destroys the lining
of intestine and prevents absorption of nutrients. The study
was conducted in 2,420 school children from six schools
studying in classes VI to X. The basic information collected is
reported in ►Table 2.
Prevalence of anemia in boys and girls, Hb in sample and
control groups at baseline is reported in ►Tables 3 and 4 .
All students participated in baseline screening for Hb
but not for postintervention assessment due to vacation,
festivals, and personal reasons.
Hb levels enhanced during 1, 3, and 6 months postintervention and results are reported in ►Table 5.

Table 1 The impact of interventions on the BMI of the pregnant women of sample and control groups
Groups of pregnant women

BMI

BMI—initial (%)

BMI—prior to delivery (%)

Sample
n = 234

< 18.5 (undernourished)

22

1

25.0–29.9 (desirable in pregnancy)

3

31

Control
n = 247

< 18.5 (undernourished)

27

2

25.0–29.9 (desirable in pregnancy)

5

14

Abbreviation: BMI, body mass index.

Table 2 Study design
Total students = 2,420

Sample schools, n = 4

Control schools, n = 2

Total students screened for Hb and found anemic

907/1,815

345/605

50%

57%

< 12.0 g/dL
Anemic students with high urine fluoride level

> 1.0 mg/L

479/860

a

55.7%

225/326a
69.0%

Drinking water samples 410 and 214 from home and school respectively
–
tested for F

410/479

Percentage samples tested

85.6%

95%

0.114–0.873 mg/L

0.014–0.985 mg/L

–

All samples safe with reference to F (mg/L)

b

214/225b

Source: Susheela et al.
Abbreviation: Hb, hemoglobin.
a
Urine sample of girl students during menstrual period not collected.
b
Many families were sharing public water sources (viz., hand pump, tube well, and municipal supply). Schools had either one or two sources of water
for consumption.
31
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Table 3 Prevalence of anemia in boys and girls among the students of six schools
Total students screened for
anemia (n = 2,420)

Total number of boys
(n = 876)

Total number of girls
(n = 1,544)

Prevalence of anemia (%)

50.3

38.6

56.9

Prevalence of anemia range (%)

37–63

30–56

48–69

Source: Susheela et al.

31

Table 4 Hb levels (g/dL) of the sample and control student
groups at baseline
Group

Hb level (g/dL)

Sample (n = 445)

11.1 ± 1.1b (5.8–12.0)c

Control (n = 225)

11.2 ± 1.1b (7.0–12.0)c

a

Source: Susheela et al.31
Abbreviation: Hb, hemoglobin.
a
Among the 479 anemic students reported, only 445 participated
as 34 students were absent on the day of assessment. Statistical test
applied: analysis of variance.
b
Mean ± standard deviation.
c
The range of Hb.

In ►Table 6, it is evident that Hb during interventions
among the students in moderate and mild category, reduced
from 70 to 64 to 53% in 1, 3, and 6 months, respectively. As
a result, the students in nonanemic category, which was 0%
during baseline study, increased from 29.5 to 35.8 to 45%,
respectively, during 1, 3, and 6 months postinterventions.
These are significant positive changes taken place in improving the well-being of the students through diet, upon withdrawal of fluoride. Iron and folic acid supplements to school
children are not required if the mothers/parents are adequately informed how to improve nutritive value of the diet,
that is, the three major meals they serve: breakfast, lunch, and
dinner. Wayside junk food consumption ought to be stopped.
The impact of interventions practiced among the adolescent girls in one school and boys and girls in six schools has
commonality. In adolescent girls, the impact of interventions
practiced at 1, 3, and 6 months raised the Hb among the category (> 12.0 g/dL) from 0 to 20, 31, and 41%, respectively,
whereas in boys and girls in six schools, upon practice of
interventions at three intervals, the rise in Hb in > 12.0 g/dL
category recorded are 29.5, 35.8, and 45.3%, respectively.31
These observations are conveying important take home messages to the WIFS program “ON” in schools across the country.
In conclusion, this article in Annals of the National Academy
of Medical Sciences (India) would provide an opportunity

for senior medical professionals/fellows of the academy to
pave the way to provide appropriate science and technology-based advice to policy makers in the government to set
matters right. The nation has waited for 40 long years to
reach out to this stage of development through scientific and
technical inputs.
•• India is known for low Hb and anemia in pregnant
women in all sections of the society whether they belong
to rural/urban, uneducated/educated, and poor/rich
families. Anemia has plagued the nation for almost four
decades.
•• Anemia can be due to many reasons: poor nutrition, urinary tract infection, parasitic infestation, and/or periodontitis/gingivitis (inflammation and bleeding from
gums). Besides affliction of malaria, hemoglobinopathies
(sickle cell anemia, thalassemia) when RBCs are not produced adequately can cause anemia.
•• However, iron deficiency anemia is very common afflicting millions of women in India/worldwide. Government
of India recognizing the severity of the problem of anemia
in pregnancy as early as 1970 and since then IFS was initiated as a part of antenatal care throughout the country.
But the hope for benefits was not forthcoming.
•• The MDGs 5 and 4 (to reduce maternal and infant mortality) could not be achieved by the nation until 2015.
The policy makers in the government were advised,
though a notion prevails that women do not consume
the iron + folic acid tablets provided free of cost by the
government. The numbers of tablets to be provided
are 90 or 100. But some obstetricians even provided
the tablets until delivery when they found the women
were from very poor background. The number of tablets
consumed and the maximum tablets in a pouch, during
every visit to ANC have been counted. The women do
take the tablets.
•• In the recent past, accredited social health activists and
auxiliary nurse midwife are also associated with the

Table 5 Hb levels (g/dL) at 1, 3, and 6 months postintervention
Group

1 mo

3 mo

Sample (n = 445)

11.3 ± 1.2
5.8–13.5b

Control (n = 225)

11.2 ± 1.1a
7.0–13.1b

a

11.5 ± 1.2
6.8–14.2b

11.7 ± 1.4a
5.7–14.7b

11.5 ± 1.1a
6.1–14.0b

11.3 ± 1.2a
6.1–14.2b

Source: Susheela et al.31
Abbreviation: Hb, hemoglobin.
Note: p-Value significant at < 0.0001 for sample group and p-value < 0.02 for control group.
a
Mean ± standard deviation.
b
Hb range.

Annals of the National Academy of Medical Sciences (India)

Vol. 56

No. 1/2020

6 mo
a

Anemia in Pregnant Women and School Children

Susheela, Kumari

Table 6 Hb (g/dL) analysis (categorywise)
Time period

Group

Nonanemic
(> 12.0 g/dL)

Moderate and mild
(7.0–12.0 g/dL)

Severe (< 7.0 g/dL)

At baseline

Sample (n = 445)

0%

436 (98%)

9 (2.0%)

Control (n = 225)

0%

224 (99.6%)

1 (0.4%)

Sample (n = 339)

100 (29.5%)

238 (70.2%)

1 (0.3%)a

Control (n = 204)

34 (16.7%)

170 (83.3%)

0 (0%)a

Sample (n = 408)

146 (35.8%)

261 (64.0%)

1 (0.2%)b

Control (n = 164)

30 (20.7%)

129 (78.7%)

1 (0.6%)b

Sample (n = 397)

180 (45.3%)

211 (53.2%)

6 (1.5%)c

Control (n = 157)

40 (26.1%)

113 (73.9%)

0 (0%)c

Postintervention

1 mo
3 mo
6 mo

Source: Susheela et al.31
Abbreviation: Hb, hemoglobin.
a
p-Value < 0.003 (significant).
b
p-Value < 0.002 (significant).
c
p-Value < 0.0001 (significant).

program to educate pregnant women and inform the
merits of hospital delivery so that they have a healthy
infant born.
In a recent report of the government (NITI Aayog, 2019)
appeared in Indian Express on November 9, 2019, MMR
in various Indian states have been reported. The MMR measured
as the number of maternal deaths per lakh (100,000) live births
varies among the Indian states for a high of 229 per lakh in Assam
(one of the northeastern states). This emerged out of the data
published in a Special Bulletin on Maternal Mortality in India
2015 to 2017 of the Sample Registration System. In this context, it
is stated that Assam is one of the severely endemic states for fluorosis with ground water contamination of fluoride to the extent
of 23.0 mg/L. The other states with high MMR 2015 to 2017 are:
Uttar Pradesh = 216, Madhya Pradesh = 188, Rajasthan = 186,
Odisha = 168, Bihar = 165, and Chhattisgarh = 141.
A senior obstetrician in the “Janani Hospital, Jaipur,” said
she has never seen normal birth weight infants in that hospital for years.” The situation is as bad as that.
Dr. Sunita Mittal, an eminent obstetrics and gynecology
practitioner, in a review article in Annals of the National
Academy of Medical Sciences (India), 201932 has focused on
ill effects of smoking and tobacco chewing on Reproductive,
Maternal, Newborn, Child health, and Adolescent program.
But anemia in pregnancy leading to maternal mortality and
infant mortality and low birth weight infants is not the main
focus. Besides, smoking and tobacco chewing and its reflection on pregnancy outcome are explained and are informative.
Dr. Prema Ramachandran, the former health advisor to the
Planning Commission, a well-known medical scientist and
obstetrician, has also contributed an article “Time trends in
prevalence of anemia in preschool children in India” in Annals
of the National Academy of Medical Sciences (India), 201933 She
also highlighted it is a major public health problem in Indian
children. India introduced iron and folic acid supplementation for preschool children in 1970s. After 20 years, in 1990,
the component for detection and treatment was added. She
has indicated on the importance of the program to assess the

impact of the program in preschool children. She concluded,
by indicating some improvement in Hb in preschool children
in the last decade. But prevalence of anemia continues to be
very high.
However, this communication” is focusing on anemia
due to a highly toxic chemical F, which has three dreadful
destructive activities: (1) hormone disruptor, (2) enzyme
inhibitor, and (3) neurotoxin. All these are contributing in
causing anemia in all sections of the society.
The “Anemia Mukt Bharat” slogan of the Government of
India has highlighted that “Anemia Affects All.”
•• Children (58%)—124 million (5–59 months) and 134
million (5–9 years)
•• Girls (54%) and boys (29%)—115 million (10–19 years)
•• Women of reproductive age (53%)—17 million
(20–24 years)
•• Pregnant women (50%)—30 million
•• Lactating women (58%)—27 million.
With the earlier background information, the nation
needs to move forward swiftly with a simple practical protocol to achieve high Hb and correct anemia in pregnancy,
children, and all others. The beneficiary effects would lead
the nation to social and economic development. A recent
report has supported the inferences drawn in this article that
“when pregnant women consumed fluoride are unable to
absorb iron and other supplements that are provided in ANCs
resulting into becoming anemic and deliver small infants or
risking their lives.”34
It should be made mandatory that all OBGY departments
in hospitals across the country should introduce the simple
and practical protocol brought out in this article for the
improvement of maternal and newborn health.
In a similar manner, the protocol for improving Hb should
be introduced in all schools across the country with diet editing and diet counseling imparted to parents/mothers during
PTMs. The nation should not delay implementation of the program. The year 2020 should be the beginning of a new era.
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Introduction It has been observed that respiratory problems and the consequent
pulmonary dysfunction are associated with an increase in waist circumference (WC), a
measure of obesity. Both comorbidities result in changes in the overall health, quality
of life, and life span. The literature shows that body fat distribution can affect pulmonary function. Pulmonary function test (PFT) is a basic and essential tool for the diagnosis and assessment of pulmonary dysfunction, lung diseases, and treatment effects.
However, the facilities to measure PFT are not readily available for individual use. Peak
expiratory flow rate (PEFR) is a simple and important biomarker that can measure the
pulmonary function and can help monitor lung function to initiate early preventive
measure. PEFR can be measured by a portable device, which can be carried anytime
anywhere. Using this portable instrument, this study was undertaken to investigate
whether there is any relationship of PEFR with the biomarkers of obesity, such as WC,
hip circumference (HC), and waist-to-hip ratio (WHR) in young adults.
Materials and Methods A total of 84 participants of either sex (38 males and
46 females) aged 20 to 26 years were recruited from a college of South Delhi.
Demographic and anthropometric data regarding WC, HC, and WHR were recorded.
For PEFR, three consecutive measurements were taken at about 2-minute intervals,
and the maximum of the three values was taken into account.
Results Though not statistically significant, but a tendency of negative correlation was observed between PEFR and WC (r = –0.43) and between PEFR and WHR
(r = –0.48) in males. However, no significant correlation of PEFR with any of the obesity
markers was found in females. No correlation was observed between PEFR and HC in
the participants of either sex.
Conclusion PEFR may be adversely affected with increase in WC and WHR, as seen
in males. However, no association was observed between PEFR and HC in participants
of either sex.

Introduction
With the adoption of western culture, urbanization, and
sedentary lifestyle, obesity has become one of the major
health problems and a cardinal issue in most of the

DOI https://doi.org/
10.1055/s-0040-1712341
ISSN 0379-038X.

population in India. The World Health Organization defines
obesity as “a condition with excessive fat accumulation in
the body to the extent that the health and wellbeing are
adversely affected.”1 Obesity results from a complex interaction of genetic, behavioral, environmental, cultural, and
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socioeconomic confounding factors causing an imbalance in
energy production and expenditure. Weight and body mass
index (BMI) are used as the measures of overall adiposity,
whereas waist circumference (WC), hip circumference (HC),
and waist-to-hip ratio (WHR) are used as the measures of
abdominal obesity and to indicate adverse outcomes of cardiovascular morbidity.1,2
It has been observed that an increase in WC is commonly
associated with respiratory problems and consequent pulmonary dysfunctions. Both comorbidities then lead to changes
in the overall health, quality of life, and life span.3,4
Pulmonary function test (PFT) is a basic and essential tool
for the diagnosis and assessment of lung dysfunction, diseases, and treatment effects. Peak expiratory flow rate (PEFR)
is the maximum flow rate generated during a forceful exhalation, starting from full lung inflation.5 It is the maximal airflow during the effort dependent portion of the expiratory
maneuver and reflects the large airway flow and depends on
the voluntary effort and muscular strength of the participant.
The ease with which one can measure PEFR with the help of
a portable device can be beneficial for short- and long-term
monitoring and can provide the health professionals with a
reliable and objective measurement for early detection and
therapeutic intervention.6 This study was undertaken to
investigate whether there is any relationship of PEFR with the
biomarkers of obesity, such as WC, HC, and WHR in young
adults.

Materials and Methods
A total of 84 participants of either sex (38 males and
46 females) aged 20 to 26 years from a college of South
Delhi who were capable of understanding the procedure
and consented to participate were recruited for the study.
Participants having a history of current infection, recent hospitalization, cardiopulmonary problems, or musculoskeletal, systemic, and neuropsychological conditions that could
affect the outcome of the study were excluded.

Procedure

After noting the demographic details of the participant, the
WC was measured in cm at a point midway between the
lower rib and iliac crest using nonstretchable flexible tape
in a horizontal plane at the end of normal expiration, with
the participant standing erect with feet together and looking
straight forward. The HC was measured in centimeters at the
widest girth of the hip.7 Using Wright’s peak flow meter, PEFR
was measured after applying a nose clip on the participant’s
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nose, who was then instructed to take maximum inspiration
and blow into the mouthpiece as rapidly, forcefully and completely as possible. Participants were trained well to blow
into the instrument maintaining a tight seal between the
lips and mouthpiece of the peak flow meter, before starting
the actual measurement maneuver. Three attempts were
made consecutively by the participants at about 2-minute
intervals, and the highest of the three values (L/second) was
recorded. After the procedure, the participant was thanked
for his/her effort and participation.
Statistical analysis of the data was performed using SPSS
Version 20.0 for Windows (IBM Corp., Armonk, New York,
United States). A two-tailed (α = 2) p-value of < 0.05 was considered to be the level of significance.

Results
The demographic and anthropometric data and PEFR were
analyzed for Pearson’s correlation coefficient, and the values of each parameter are presented in ►Tables 1 and 2.
►Table 1 shows a summary of the anthropometric and PEFR
measurements of the studied participants. ►Table 2 shows
the analysis of combined data for both the genders and
reveals that there is an overall positive correlation between
PEFR and WC (r = 0.22) as well as between PEFR and WHR
(r = 0.37), but it was not statistically significant (p > 0.05).
A negative correlation was observed between PEFR and WC
(r = –0.43) and between PEFR and WHR (r = –0.48) in males.
Though the results are not statistically significant, there is
a tendency of negative correlation between PEFR and WC
as well as between PEFR and WHR in male participants.
However, no significant correlation of PEFR with any of the

Table 1 Demographic and anthropometric data and PEFR of
participants
Parameters, mean ± SD

Male, n = 38

Female, n = 46

Age (years)

20.44 ± 1.41

21.42 ± 1.57

Height (cm)

172 ± 5.70

157 ± 5.32

Weight (kg)

67.12 ± 9.87

53.15 ± 9.95

BMI (kg/m2)

22.65 ± 2.91

21.46 ± 3.63

Waist circumference (cm)

80.36 ± 7.52

72.93 ± 9.96

Hip circumference (cm)

93.81 ± 6.50

93.47 ± 7.60

Waist-to-hip ratio

0.85 ± 0.04

0.77 ± 0.05

PEFR (L/second)

455 ± 91.65

264 ± 51.85

Abbreviations: BMI, body mass index; PEFR, peak expiratory flow rate.

Table 2 Pearson’s correlation coefficient between parameters and their p-values
Parameter

Combined

Male

Female

Correlation

p-Value

Correlation

p-Value

Correlation

p-Value

WC and PEFR

0.22

0.09

–0.43

0.10

0.06

0.69

HC and PEFR

–0.004

0.97

–0.22

0.40

0.06

0.70

WHR and PEFR

0.37

<0.01

–0.48

0.06

0.04

0.78

Abbreviations: HC, hip circumference; WC, waist circumference; WHR, waist-to-hip ratio; PEFR, peak expiratory flow rate.
Annals of the National Academy of Medical Sciences (India)

Vol. 56

No. 1/2020

27

28

Peak Expiratory Flow Rate and Waist Circumference

Rai et al.

obesity markers was found in females. No correlation was
demonstrated between PEFR and HC in the participants of
either sex.

Discussion
The lifestyle and dietary habits in the urban areas of India
have led to a high prevalence rate of obesity in the college-going young adults.8 It is important to find easy and
readily available objective measures that can help to assess
and regularly monitor the lung function and obesity parameters in an effective manner.
In this study, when combined data for both the genders
were analyzed, a correlation was found among the three
anthropometric measures, WC, HC, and WHR, which may act
as obesity biomarkers, with PEFR. It was observed that both
WC and WHR independently demonstrate an overall positive correlation with PEFR. However, this correlation was not
statistically significant (p > 0.05) in both the cases. Several
authors have suggested that a difference in body fat pattern
exists in males and females and may have physiological implications. This probably might have led to the result being not
significant statistically when data of males and females were
studied together. However, a tendency toward a negative
correlation between PEFR and WC (r = –0.43) and between
PEFR and WHR (r = –0.48) was observed in males, but it was
not statistically significant. Also, no significant correlation of
PEFR with any of the obesity markers was found in females.
No correlation was revealed between PEFR and HC in the
participants of either sex. A body fat accumulation pattern
is proposed by several authors: for women, the fat is deposited around the hip region, whereas in men, the adiposity is
observed in the abdominal area. As a consequence, perhaps,
the effect of WC on pulmonary function in men tends to be
larger than that in women.9,10 These scientists also suggested
that abdominal fat may interfere in pulmonary mechanics,
causing restrictions during breathing, potentially reducing
respiratory volumes such as FEV1 (forced expiratory volume
in 1 second) and FVC (forced vital capacity). This mechanical
effect is more evident if central obesity is considered instead
of overall obesity or peripheral fat. The excess of fat in the
abdominal and thoracic region may lead to a decrease in the
compliance and resistance of the respiratory system, increasing the energy demands of breathing.9,10
It was pointed out by Rochester and Enson that PEFR
mainly depends upon height, chest size, and physical fitness
of the individuals, which are presumed to be higher in males
than in females.11 A study conducted by Saxena et al examined the effects of adiposity on PEFR in males and found that
this parameter is negatively associated with obesity markers, as measured by BMI, WC, and WHR, after the effects of
variation in age and height were removed. On multivariate
analysis, WHR was found to be the most important parameter that showed a significant negative association with PEFR,
whereas age, height, BMI, and WC were not.12 In a subsequent study, a positive correlation of PEFR with height and
weight, as well as BMI was observed but was not found to be
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statistically significant.13 Collins et al also reported a lower
FEV1 in participants with higher WHR even without adjustment for age, stature, and relative obesity.14 This study concluded that adiposity measured as WHR affects the PEFR in
males in the age group of 20 to 40 years and especially when
the age is approaching the higher side. These authors also
suggested that WHR, a measure of central pattern of fat distribution, was associated with lower values for PEFR in young
male adults after adjusting for BMI.14 The findings of the
aforementioned studies also suggest that the pattern of body
fat distribution has an independent effect on PEFR.12-14 In this
study also, WC has shown a tendency of negative correlation
with PEFR in males; however, no statistical correlation was
found in females. The android and gynoid fat patterns found
in males and females, respectively, may thus have their own
physiological implications. Some recent studies have also
suggested that WC is a better marker for mortality than BMI,
as the BMI may get affected due to loss of lean muscle mass
or that with advancing age.15 Chen et al investigated the effect
of WC on PFT in three groups of people: normal weight, overweight, and obese.16 They found that there was a negatively
significant relationship of WC with FEV1 as well as of WC
with FVC. They also found that a 1-cm increase in WC was
associated with a 13-mL reduction in FVC and 11-mL reduction in FEV1. All the aforementioned studies support the
hypothesis that an excess fat in the abdominal and thoracic
regions may limit movements of the diaphragm and decrease
compliance of the respiratory system.
The physiology of obesity affecting the lung functions has
been discussed in a landmark study where it has been shown
that adipose tissue is metabolically active and has proinflammatory effects because it secretes a range of substances
such as adipose-derived hormones called adipokines such as
leptin, resistin, and adiponectin. The receptors for these hormones are widely distributed throughout the body, including
the lungs. Leptin and resistin are increased in obesity and
have proinflammatory effects, including activation of nuclear
factor-kB and upregulation of tumor necrosis factor-α. These
changes lead to enhancement of neutrophilic airway inflammation in the lungs and cause deterioration in its function.
In contrast to leptin and resistin, adiponectin is an anti-inflammatory adipokine that balances the activities of pro- and
anti-inflammatory cytokines. It has also been suggested that
adipose tissue derived hormones may play an important role
in the pathophysiology of asthma in obese patients and can
be therapeutically manipulated for its management.17
Normally, the decrease in lung function can be regularly
monitored through PEFR, which can be measured with the
use of a portable device in a cost-effective manner.

Conclusion
The lung function parameter PEFR appears to be adversely
affected with an increase in WC and WHR in males but not
in females. However, HC, another anthropometric measure, does not seem to affect the PEFR in the participants of
either sex.
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Subclinical hypothyroid men characterized by a rise in only thyroid stimulating hormone (TSH) levels, and normal thyroid hormone levels showed a fall in their serum
progesterone and testosterone levels. This suggested a role of TSH in regulating Leydig
cell steroidogenesis. Therefore, we investigated the direct role of TSH on steroid production and secretion using a mouse Leydig tumor cell line-1 (MLTC-1). MLTC-1 cells
were treated with different doses of TSH isolated from porcine pituitary as well as
recombinant TSH. Steroid secretion was measured by radioimmunoassay (RIA). The
mRNA levels of steroidogenic enzymes were quantitated by real-time polymerase
chain reaction (RT-PCR), whereas the corresponding protein levels were determined
by western blot. In MLTC-1 cells, pituitary TSH as well as recombinant TSH inhibited
progesterone and testosterone secretion in a dose-dependent manner. The inhibitory
action of TSH on steroid secretion was unique and not mimicked by other anterior
pituitary hormones including follicle stimulating hormone and adrenocorticotropic
hormone. Recombinant TSH showed no effect on steroidogenic acute regulatory protein and CYP11A1, the enzymes catalyzing the nonsteroidogenic and steroidogenic
rate-limiting steps of steroid synthesis, respectively. Recombinant TSH was shown to
inhibit steroidogenesis in MLTC-1 cells by inhibiting the 3-β hydroxy steroid dehydrogenase mRNA and protein levels, the enzyme that catalyzes the conversion of pregnenolone to progesterone. This inhibitory effect of TSH is probably direct as both
mRNA and protein of the TSH receptor were shown to be present in the MLTC-1 cells.

Introduction
The thyroid hormone 3, 5, 3′-L-triiodothyronine (T3) was
shown to increase the basal and 3′, 5′ cyclic adenosine
monophosphate (cAMP)-stimulated steroid production
in primary Leydig cells and their derived lines.1-3 Overt
hypothyroid men showed a significant reduction in their
serum progesterone and testosterone levels.4 This reduction in serum steroid levels could be due to reduced thyroid

hormone levels or increased thyroid stimulating hormone
(TSH) levels or both. Although animal studies have consistently showed the direct effects of T3 on Leydig cell function
in the form of cell proliferation and steroidogenesis; however, the exact effects and mechanisms of action remain
controversial.5,6 Inconsistencies in the findings of existing
literature about the impact of hypothyroidism on testosterone and gonadotropin production raise questions about the
role of TSH in vivo.7,8 Studies in subclinical hypothyroid men,
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characterized by a rise in only TSH levels with normal thyroid
hormone levels, also showed a similar reduction in serum
progesterone and testosterone levels.9 As only TSH was raised
in these subclinical hypothyroid men, this furthers the suggestion that a direct inhibitory action of TSH occurs on steroid production. Interestingly, studies have demonstrated the
presence of TRH receptors on Leydig cells, which is unique to
them among all testicular cell types.10 This also raises the possibility of other thyroid function modulating hormones such
as TSH, acting on Leydig cells through their receptors. To date,
no studies have been conducted to see the direct modulation
of steroid production and secretion by TSH in Leydig cells.
Therefore, we investigated the role of TSH on steroid
production and secretion using a mouse Leydig tumor cell
line-1 (MLTC-1). We also investigated the effect of TSH
on steroidogenic enzymes to dissect out the molecular
mechanism(s) used by TSH for regulating steroid secretion.

Materials and Methods
Ethics Clearance

The study protocol was approved by the Institute Ethics committee of All India Institute of Medical Sciences.

Hormones and Chemicals

Pituitary-derived TSH, luteinizing hormone (LH), follicle-stimulating hormone (FSH), and adrenocorticotropic hormone (ACTH) were purchased from Sigma–Aldrich (St. Louis,
Missouri, United States). Recombinant TSH was purchased
from R&D Systems (Minneapolis, Minnesota, United States).
Tritium-labeled radioactive progesterone and testosterone
were purchased from Perkin Elmer (Waltham, Massachusetts,
United States). Both the mouse monoclonal testosterone
antibody (clone 4E1G2) and rabbit polyclonal progesterone
antibody were purchased from Bio-Rad (Hercules, California,
United States). Primers were purchased from Sigma–Aldrich.
Rabbit antisteroidogenic acute regulatory protein (StAR) antibody and rabbit anti-CYP11A1 antibody were purchased from
Cell Signaling Technologies (Boston, Massachusetts, United
States). Rabbit anti-3β-hydroxy steroid dehydrogenase-1
(3β-HSD) antibody and rabbit anti-TSH receptor antibody
were purchased from Abcam (Cambridge, United Kingdom).
Antirabbit HRP-labeled secondary antibody was purchased
from Cell Signaling Technologies.

Cell Culture
MLTC-1 cells were obtained from the American Type Culture
Collection (Manassas, Virginia, United States). MLTC-1 cells
express the human chorionic gonadotropin (hCG) receptor. They respond to LH/hCG with stimulation of steroid
production.11 The MLTC-1 cells were routinely maintained
in Waymouth MB 752/1 medium (Sigma–Aldrich) supplemented with 10% heat-inactivated fetal bovine serum
(Sigma–Aldrich, St. Louis, Missouri, United States) at 37°C in
5% CO2 in a humidified incubator. The MLTC-1 cells used for
all the experiments had a passage number less than 30.
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Cell Treatments
MLTC-1 cells were seeded at a density of 2 × 105 cells/mL/
well for measuring steroid secretion and at 1 × 106 cells/well
for total RNA extraction and western blot assays. MLTC-1
cells were preincubated separately for 2 hours with different doses of pituitary or recombinant TSH, or FSH or ACTH
in serum free media. Thereafter, the cells were incubated
with 100 mIU/mL LH or 1 mM 8-Br-cAMP. The total period of
incubation including the time of preincubation was 6 hours
as MLTC-1 cells begin proliferation by 9 hours. Viability of the
cells after treatment were tested using [3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide] (MTT, Sigma–
Aldrich, St. Louis, Missouri, United States).

Steroid Production
Steroid secretion was measured in cell supernatant by RIA
according to the World Health Organization guidelines.
Both the mouse monoclonal testosterone antibody (clone
4E1G2) and rabbit polyclonal progesterone antibody
were used at a dilution of 1:500. The progesterone
antibody used for RIA was highly specific and showed no
crossreactivity for pregnenolone as well as for testosterone.
However, the testosterone antibody also recognizes
5α-dihydrotestosterone (DHT, 1%) and androstenedione
(1%). The intraassay variation was less than 5%, and the
interassay variation was less than 10%.

RNA Extraction and Reverse Transcriptase
Polymerase Chain Reaction
Total RNA was extracted using Ribozol RNA extraction
reagent (Amresco, Solon, Ohio, United States) as per manufacturer’s instructions. Total RNA isolated from the cells was
reverse transcribed using oligo dT primers and Revert Aid
First Strand cDNA Synthesis Kit (Thermo Scientific, Waltham,
Massachusetts, United States). The cDNA synthesized was
amplified using gene-specific primers (Sigma–Aldrich,
St. Louis, United States). The sequences of StAR primers were
forward 5′ GACCTTGAAAGGCTCAGGAAGAAC 3′ and reverse 5′
TAGCTGAAGATGGACAGACTTGC 3′.1 The sequences of CYP11A1
primers were forward 5′ CAACATCACAGAGATGCTGGCAGG3′
and reverse 5′ CTCAGGCATCAGGATGAGGTTGAA 3′.12
The sequences of 3β-HSD-I primers were forward 5′
GACAGGAGCAGGAGGGTTTGTGG 3′ and reverse 5′
CTCCTTCTAACATTGTCACCTTGGCCT 3′.13 The sequences
of TSH receptor (TSHR) primers were forward 5′ TTC CAG
CCG CTG CAG AGT TGC3′ and reverse 5′ GAG TGT GCG TCT
CCA CCC TG 3′.14 The sequences of GAPDH primers were
forward 5′ ACGGGAAGCTTGTCATCAAT 3′ and reverse
5′TGGACTCCACGACGTCGTACTCA 3′.15 The steroidogenic
enzymes were amplified by quantitative RT-PCR. The
PCR conditions used were initial denaturation at 95°C for
5 minutes, which followed by 40 cycles of 95°C for 20 seconds, 56°C for 20 seconds, and 72°C for 40 seconds. Ct values
obtained during the RT-PCR reaction were used to calculate
the relative mRNA expression using the formula: relative
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mRNA expressionStAR/CYP11A1/3β-HSD = 2−∆∆Ct, where ∆Ct = CtStAR/
β
CtGAPDH and ∆∆Ct = ∆CtBasal–∆CtTreated. The TSHR
CYP11A1/3 -HSD–
gene was amplified by semiquantitative RT-PCR. The PCR conditions used were initial denaturation at 95°C for 3 minutes,
which followed by 40 cycles of 95°C for 30 seconds, 60°C for
20 seconds, and 72°C for 45 seconds. The amplified products
were size-fractionated in a 2% (w/v) agarose gel and visualized by staining with ethidium bromide (0.2 ng/mL).

Western Blot
Total protein extracts were separated by sodium dodecyl
sulfate/polyacrylamide gel electrophoresis (SDS/PAGE)
using 12% resolving gel. The protein bands in the gel were
transferred onto a 0.45-µm polyvinylidene fluoride membrane. Polyvinylidene fluoride membrane was blocked with
5% bovine serum albumin solution made in TBS-T (0.1%
Tween-20 in 1× TBS). The membrane was probed with rabbit anti-StAR antibody, rabbit anti-CYP11A1 antibody, rabbit
anti-3β-HSD antibody, rabbit anti-TSHR antibody, or rabbit
anti-β-actin antibody. A 1:1,000 dilution was used for each
of the primary antibody and incubated for overnight at 4°C.
Antirabbit HRP-labeled secondary antibody at 1:3,000 dilution was used. Protein bands were visualized using ECL system (Merck Millipore, Billerica, United States). The density
of the protein bands was measured using ImageJ software
developed at the National Institute of Health (Bethesda,
Maryland, United States).

Statistical Analysis
All the treatments were performed in triplicates and at
least three times. The data were pooled and analyzed using
GraphPad Prism 4.0 software (GraphPad Prism Software Inc.,
San Diego, California, United States). The results were analyzed
by Student’s t-test. A p-value <0.05 was considered significant.

Results
TSH Inhibits Steroid Secretion

Initially, different doses of pituitary TSH ranging from 1 to
100 mIU/mL were tested for their effect on steroid secretion by MLTC-1 cells. The minimum dose of 1 mIU/mL of
TSH showed no significant effect on basal, LH or 8-Br-cAMPstimulated progesterone and testosterone secretion.
However, the higher doses of TSH significantly inhibited both
progesterone and testosterone secretion in a dose dependent
manner (►Fig. 1A, B). About 100 mIU/mL of TSH inhibited
basal progesterone and testosterone secretion by 37 and 39%,
respectively (►Fig. 1A, B). 100mIU/ml of TSH also inhibited
LH and 8-Br-cAMP-stimulated progesterone secretion by 35
and 25%, respectively. About 100 mIU/mL of TSH inhibited LH
and 8-Br-cAMP-stimulated testosterone secretion by 42 and
27%, respectively (►Fig. 1A, B).

Effect of TSH on Steroid Secretion is Specific

To rule out the possibility that the inhibitory effect of TSH on
steroid secretion is nonspecific in nature, we used two other
Annals of the National Academy of Medical Sciences (India)
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pituitary-derived hormones: FSH and ACTH. However, both
FSH and ACTH showed no significant effect on basal, LH or
8-Br-cAMP-stimulated progesterone and testosterone secretion (►Fig. 2A–D). This suggested that steroid secretion is
specifically inhibited by TSH.
To further confirm that the inhibitory effect of TSH was
not due to any other contaminant present in the pituitary
extract, we used recombinant TSH (rTSH). The minimum
dose of 0.15 ng/mL of rTSH showed no significant effect on
basal or 8-Br-cAMP-stimulated progesterone and testosterone secretion. However, both the higher doses of rTSH
significantly inhibited both progesterone and testosterone
secretion in a dose-dependent manner (►Fig. 3A, B). While
1.5 ng/mL of rTSH inhibited basal progesterone and testosterone secretion by 32 and 31%, 15 ng/mL of rTSH inhibited
those by 61 and 45%, respectively (►Fig. 3A, B). The inhibitory effect of rTSH on 8-Br-cAMP-stimulated progesterone
and testosterone secretion was even more pronounced.
Maximal inhibition was observed with 15 ng/mL of rTSH on
8-Br-cAMP-stimulated progesterone and testosterone secretion by 48 and 49%, respectively (►Fig. 3A, B).

Effect of TSH on Expression of Steroidogenic Enzymes

The molecular mechanism underlying the inhibition of
steroid secretion by TSH was worked out by studying the
expression of the steroidogenic enzymes after treatment
with rTSH. Interestingly, rTSH showed no significant effect
on StAR and CYP11A1 mRNA and protein levels in MLTC-1
cells (►Figs. 4A, B and 5A, B), but expression of 3β-HSD was
significantly reduced by both 1.5 and 15 ng/mL dose of rTSH
(►Figs. 4C and 5C). Total 15 ng/mL of rTSH inhibited basal
and 8-Br-cAMP-stimulated 3β-HSD1-I mRNA levels by 37
and 51%, respectively (►Fig. 4C), while the protein levels
were inhibited by 40 and 53%, respectively (►Fig. 5C).

TSHR is Expressed by Mouse Leydig Tumor Cell Line-1
Cells

Next we investigated whether the action of TSH on MLTC-1
cells was mediated through its specific G-protein coupled
plasma membrane receptor. We performed RT-PCR using
specific primers for TSHR and western blot using anti-TSHR
antibody to detect the presence of TSHR mRNA and protein in
MLTC-1 cells. RNA or protein isolated from thyroid tissue was
used as positive control while Vero cells, a monkey kidney
derived cell line, were used as negative control. TSHR mRNA
and the corresponding protein were identified in the MLTC-1
cells (►Fig. 6).

Discussion
Primary Leydig cells are available only in small numbers and
are often contaminated with other cell types. Therefore, for
the present investigation, we have used Leydig cell-derived
cell line, MLTC-1.
In Leydig cell-derived MLTC-1 cell line, TSH isolated from
porcine pituitary significantly decreased basal progesterone and testosterone secretion in a dose-dependent manner
(►Fig. 1A, B). TSH also inhibited LH and 8-Br-cAMP-stimulated
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Fig. 1 Effect of pituitary TSH on (A) progesterone (B) testosterone secretion by mouse Leydig tumor cell line-1 cells under basal and treated
conditions. Luteinizing hormone or 8-Br-cAMP was added after 2-hour preincubation with different doses of TSH. Bars represent mean ±
standard deviation of three experiments; each experiment was done at least in triplicates (n = 10). *indicate p < 0.05; **indicate p < 0.01; and
***indicate p < 0.001 in cells treated without and with TSH in the corresponding groups. TSH, thyroid stimulating hormone.

progesterone and testosterone secretion suggesting that the
inhibitory effect of TSH on steroids is distal to adenylate
cyclase enzyme effect. Similarly, in primary cultures of rat
granulosa cells, TSH was shown to inhibit steroid secretion.16
This finding was also confirmed in monkey and human granulosa cells.17
To rule out if the inhibitory effect of TSH on steroid secretion is nonspecific in nature, we used FSH and ACTH. FSH is
structurally related to TSH; both having a common α subunit. FSH is secreted by anterior pituitary gonadotrophs.
The inhibitory action of TSH on steroid secretion was not

mimicked by FSH (►Fig. 2A,B). ACTH, another protein
secreted by the anterior pituitary, but structurally unrelated to TSH also showed no significant effect on basal or
8-Br-cAMP-stimulated steroid secretion (►Fig. 2C,D). This
suggests that the inhibitory effect of TSH on steroid secretion
is unique and a specific property of the TSH hormone.
To work out the molecular mechanism of inhibition, we have
used rTSH for further experiments. Pituitary preparations of
TSH are mostly tainted with other contaminants. Therefore,
to rule out the possibility that the inhibitory effect of TSH on
steroids was not due to the contaminating molecules, we used
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Fig. 2 Effect of pituitary FSH on (A) progesterone (B) testosterone secretion; effect of pituitary ACTH on (C) progesterone and (D) testosterone secretion by mouse Leydig tumor cell line-1 cells under basal and treated conditions. LH or 8-Br-cAMP were added after 2 hour preincubation with different doses of FSH or ACTH. Bars represent mean ± standard deviation of three experiments; each experiment was done at least
in triplicates (n = 10). ACTH, adrenocorticotropic hormone; FSH, follicle-stimulating hormone.

rTSH. The rTSH, too, significantly inhibited progesterone and
testosterone secretion from MLTC-1 cells confirming a direct
inhibitory effect of TSH on steroid production (►Fig. 3A, B).
To investigate the inhibitory mechanism of TSH on
steroid synthesis, we studied the effect of rTSH on various steroidogenic enzymes. StAR, a de novo-synthesized
labile protein, catalyzes the intermitochondrial cholesterol
transport.18-20 The cholesterol in the inner mitochondrial
membrane is converted to pregnenolone with the help of
CYP11A1 enzyme. StAR and CYP11A1 catalyze the nonsteroidogenic and steroidogenic rate-limiting steps of steroid
synthesis, respectively.21,22 TSH showed no significant effect
on StAR and CYP11A1 mRNA and protein levels in MLTC-1
cells (►Figs. 4 and 5). This suggests that TSH acts at a site
distal to pregnenolone synthesis. However, as TSH inhibits

progesterone secretion, therefore its site of action is proximal
to progesterone synthesis.
In rodents, steroidogenesis is primarily through the ∆4
pathway where conversion of pregnenolone to progesterone
is catalyzed by 3β-HSD enzyme.23 In mouse, the 3β-HSD1
isoform is primarily expressed in the gonads.24 Therefore,
we studied the effect of rTSH on 3β-HSD1 mRNA and protein levels. In MLTC-1 cells, TSH significantly inhibited basal
and 8-Br-cAMP-treated 3β-HSD mRNA and protein levels
(►Figs. 4 and 5). The inhibition of 3β-HSD by TSH in this
study is similar to that observed in primary cultures of rat
granulosa cells.16
Next we investigated whether the direct action of TSH on
MLTC-1 cells was mediated through its specific G-protein
coupled plasma membrane receptor. Till date, there is only

Fig. 3 Effect of recombinant TSH (rTSH) on (A) progesterone (B) testosterone secretion by mouse Leydig tumor cell line-1 cells under basal and
treated conditions. 8-Br-cAMP was added after 2-hour preincubation with different doses of TSH. Bars represent mean ± standard deviation of
three experiments; each experiment was done at least in triplicates (n = 10). +++indicate p < 0.001 in cells treated without and with TSH in the
basal group. ***indicate p < 0.001 in cells treated without and with TSH in the 8-Br-cAMP treated group. TSH, thyroid stimulating hormone.
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Fig. 4 Effect of rTSH on (A) StAR (B) CYP11A1 and (C) 3β-HSD mRNA levels by quantitative real time PCR after normalization with GAPDH.
Bars represent mean ± standard deviation of three experiments; each experiment was done in triplicates (n = 9). ***indicate p < 0.001 in
cells treated without and with TSH in the corresponding groups. rTSH, recombinant thyroid stimulating hormone;) StAR, steroidogenic acute
regulatory protein.

Fig. 5 Effect of rTSH on (A) StAR (B) CYP11A1 and (C) 3β-HSD protein levels by Western blot after normalization with β-actin. Bars represent mean ± standard deviation of densitometric measurements of Western blot bands. *indicate p < 0.05; **indicate p < 0.01; ***indicate
p < 0.001 in cells treated without and with TSH in the corresponding groups. StAR, steroidogenic acute regulatory protein.

one additional report showing the presence of TSH receptors
on Leydig cells that was reported after our findings were presented.25,26 However, TSH receptors have been identified on
the granulosa cells of several species including rat and monkey.17,27 In MLTC-1 cells like that seen in thyroid tissue, both
the TSHR and the corresponding protein were identified suggesting that the inhibitory action of TSH on steroidogenesis

could be mediated through its receptor. TSHR was not identified in Vero cells, a monkey kidney derived line but has been
identified in rat Leydig cells.25
However, in human thyroid tissue, when TSH binds to its
receptor, it activates two G-proteins: Gs and Gq/1128. The active Gs
induce the adenylyl cyclase-cAMP pathway. The active Gq/11 activates the phospholipase C-IP3 (inositoltriphosphate)/diacyl
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Fig. 6 Presence of (A) TSHR mRNA and (B) TSHR protein in thyroid
tissue and mouse Leydig tumor cell line-1cells.

glycerol (DAG) pathway. DAG activates the protein kinase
C (PKC).28,29 In Y1 adrenocortical cells, PKC was shown to
inhibit basal steroidogenesis by inhibiting the mRNA expression of two steroidogenic enzymes: P450–11 β-hydroxylase
and 3β-HSD.30 In hamster cell lines, PKC has also been shown
to influence the genetic expression of CYP11B2.31 The signaling mechanism by which TSH inhibits the 3β-HSD enzyme is
yet to be determined in Leydig cells.
Our study is the first of its kind demonstrating a direct
role of TSH on Leydig cell line and has demonstrated a molecular basis for its effects. We are also the first to demonstrate
the presence of TSH receptors in Leydig cell line. There is a
high probability of this physiology in human Leydig cells,
but further studies are needed on primary human Leydig cell
lines to redemonstrate these findings and establish the presence of this phenomenon in, as well as the TSH and these
receptors in human Leydig cells.
Note
This study was previously presented as a poster presentation at the Endocrine Society meeting at Orlando, United
States in April, 2017.26
Funding
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Conflict of Interest
None declared.

References
1 Manna PR, Kero J, Tena-Sempere M, Pakarinen P, Stocco DM,
Huhtaniemi IT. Assessment of mechanisms of thyroid hormone
action in mouse Leydig cells: regulation of the steroidogenic
acute regulatory protein, steroidogenesis, and luteinizing hormone receptor function. Endocrinology 2001;142(1):319–331
2 Manna PR, Tena-Sempere M, Huhtaniemi IT. Molecular
mechanisms of thyroid hormone-stimulated steroidogenesis
in mouse leydig tumor cells. Involvement of the
steroidogenic acute regulatory (StAR) protein. J Biol Chem
1999;274(9):5909–5918
3 Maran RR, Arunakaran J, Aruldhas MM. T3 directly stimulates basal and modulates LH induced testosterone and
oestradiol production by rat Leydig cells in vitro. Endocr J
2000;47(4):417–428

Annals of the National Academy of Medical Sciences (India)

Vol. 56

No. 1/2020

4 Kumar A, Mohanty BP, Rani L. Secretion of testicular steroids and gonadotrophins in hypothyroidism. Andrologia
2007;39(6):253–260
5 Teerds KJ, de Rooij DG, de Jong FH, van Haaster LH.
Development of the adult-type Leydig cell population in the
rat is affected by neonatal thyroid hormone levels. Biol Reprod
1998;59(2):344–350
6 Hardy MP, Sharma RS, Arambepola NK, et al. Increased proliferation of Leydig cells induced by neonatal hypothyroidism in
the rat. J Androl 1996;17(3):231–238
7 Cristovão FC, Bisi H, Mendonça BB, Bianco AC, Bloise W. Severe
and mild neonatal hypothyroidism mediate opposite effects
on Leydig cells of rats. Thyroid 2002;12(1):13–18
8 Rao JN, Liang JY, Chakraborti P, Feng P. Effect of thyroid hormone on the development and gene expression of hormone receptors in rat testes in vivo. J Endocrinol Invest
2003;26(5):435–443
9 Kumar A, Chaturvedi PK, Mohanty BP. Hypoandrogenaemia
is associated with subclinical hypothyroidism in men. Int J
Androl 2007;30(1):14–20
10 Mendis-Handagama SM, Siril Ariyaratne HB. Leydig cells,
thyroid hormones and steroidogenesis. Indian J Exp Biol
2005;43(11):939–962
11 Rebois RV. Establishment of gonadotropin-responsive murine
leydig tumor cell line. J Cell Biol 1982;94(1):70–76
12 Cascio C, Prasad VV, Lin YY, Lieberman S, Papadopoulos V.
Detection of P450c17-independent pathways for dehydroepiandrosterone (DHEA) biosynthesis in brain glial tumor cells.
Proc Natl Acad Sci U S A 1998;95(6):2862–2867
13 O’Shaughnessy PJ, Morris ID, Baker PJ. Leydig cell re-generation and expression of cell signaling molecules in the germ
cell-free testis. Reproduction 2008;135(6):851–858
14 Marians RC, Ng L, Blair HC, Unger P, Graves PN, Davies TF.
Defining thyrotropin-dependent and -independent steps of
thyroid hormone synthesis by using thyrotropin receptor-null
mice. Proc Natl Acad Sci U S A 2002;99(24):15776–15781
15 Konieczna A, Szczepańska A, Sawiuk K, Węgrzyn G, Łyżeń
R. Effects of partial silencing of genes coding for enzymes
involved in glycolysis and tricarboxylic acid cycle on the
enterance of human fibroblasts to the S phase. BMC Cell Biol
2015;16:16
16 Mehendale RG, Bruot BC. Thyroid stimulating hormone inhibits rat granulosa cell steroidogenesis in primary culture.
Endocrine 1995;3(3):215–220
17 Agard JA, Duffy DM, Jacot T, Archer DF. Thyroid stimulating hormone (TSH) receptor on granulosa cells. Fertil Steril
2011;96(3):S118
18 Clark BJ, Wells J, King SR, Stocco DM. The purification, cloning, and expression of a novel luteinizing hormone-induced
mitochondrial protein in MA-10 mouse Leydig tumor cells.
Characterization of the steroidogenic acute regulatory protein
(StAR) J Biol Chem 1994;269(45):28314–28322
19 Meinsohn MC, Smith OE, Bertolin K, Murphy BD. The orphan
nuclear receptors steroidogenic factor-1 and liver receptor
homolog-1: structure, regulation, and essential roles in mammalian reproduction. Physiol Rev 2019;99(2):1249–1279
20 Zirkin BR, Papadopoulos V. Leydig cells: formation, function,
and regulation. Biol Reprod 2018;99(1):101–111
21 Hu J, Zhang Z, Shen WJ, Azhar S. Cellular cholesterol delivery,
intracellular processing and utilization for biosynthesis of steroid hormones. Nutr Metab (Lond) 2010;7:47
22 Acconcia F, Marino M, Steroid hormones: synthesis, secretion, and transport. In: Belfiore A, LeRoith D, eds. Principles
of Endocrinology and Hormone Action. Cham: Springer
International Publishing; 2016: 1–31
23 Hall PF, Testicular steroid synthesis: organization and regulation. In: Knobil E, Neill J, eds. The Physiology of Reproduction.
2nd ed. New York, NY: Raven Press; 1994 1335–1362

TSH Inhibits Leydig Cell Steroidogenesis
24 Payne AH, Abbaszade IG, Clarke TR, Bain PA, Park CH. The multiple murine 3 beta-hydroxysteroid dehydrogenase isoforms:
structure, function, and tissue- and developmentally specific
expression. Steroids 1997;62(1):169–175
25 Fadlalla MB, Wei Q, Fedail JS, Mehfooz A, Mao D, Shi F. Effects
of hyper- and hypothyroidism on the development and proliferation of testicular cells in prepubertal rats. Anim Sci J
2017;88(12):1943–1954
26 Shekhar SDB, Gupta S, Kumar A. A unique anti-gonadotropic
effect of TSH on Leydig cell derived Mltc-1 Line.The Endocrine
Society Meeting. Available at: https://endo.confex.com/
endo/2017endo/meetingapp.cgi/Paper/31402. Accessed April
3, 2017
27 Sun SC, Hsu PJ, Wu FJ, Li SH, Lu CH, Luo CW. Thyrostimulin, but
not thyroid-stimulating hormone (TSH), acts as a paracrine
regulator to activate the TSH receptor in mammalian ovary.
J Biol Chem 2010;285(6):3758–3765

Dhole et al.

28 Allgeier A, Offermanns S, Van Sande J, Spicher K, Schultz G,
Dumont JE. The human thyrotropin receptor activates G-proteins
Gs and Gq/11. J Biol Chem 1994;269(19):13733–13735
29 Krude H, Biebermann H, The thyroid and its regulation by
the TSHR: evolution, development, and congenital defects.
In: Luster M, Duntas LH, Wartofsky L, eds. The Thyroid and
Its Diseases: A Comprehensive Guide for the Clinician. Cham:
Springer International Publishing; 2019: 219–233
30 Reyland ME. Protein kinase C is a tonic negative regulator of
steroidogenesis and steroid hydroxylase gene expression in Y1
adrenal cells and functions independently of protein kinase A.
Mol Endocrinol 1993;7(8):1021–1030
31 LeHoux JG, Dupuis G, Lefebvre A. Control of CYP11B2 gene
expression through differential regulation of its promoter by
atypical and conventional protein kinase C isoforms. J Biol
Chem 2001;276(11):8021–8028

Annals of the National Academy of Medical Sciences (India)

Vol. 56

No. 1/2020

37

Published online: 2020-05-03

38

THIEME

Is
MRI Superior
Original
Article to Conventional Radiography in Neonates with ARM

Chowdhary et al.

Is Magnetic Resonance Imaging Superior to
Conventional Radiography in Neonates with
Anorectal Malformation?
Sarita Chowdhary1

Dinesh Kumar2

Shyamendra Pratap Sharma1

1 Department of Paediatric Surgery, Institute of Medical Sciences,

Banaras Hindu University, Varanasi, Uttar Pradesh, India
2 Department of General Surgery, Motilal Nehru Medical College,
Allahabad, Uttar Pradesh, India

S. P. Sharma1

Pranay Panigrahi1

Address for correspondence Sarita Chowdhary, MBBS, MS, MCh,
Department of Paediatric Surgery, Institute of Medical Sciences,
Banaras Hindu University, Varanasi 221005, Uttar Pradesh, India
(e-mail: saritaimsbhu@yahoo.com).

Ann Natl Acad Med Sci (India) 2020;56:38–41

Abstract

Keywords
►►anorectal

malformation
►►invertogram
►►MRI
►►sphincter muscle
complex
►►external anal sphincter
►►VACTERL

Introduction This study was conducted to evaluate the role of magnetic resonance
imaging (MRI) in neonates with anorectal malformation (ARM).
Materials and Methods Newborns, referred to Pediatric Surgical Ward through
General Surgery Outpatient Department and Emergency Department of Sir Sunderlal
Hospital as a case of ARM, were included in the study. Unstable patients requiring
urgent primary colostomy were excluded from the study. Forty neonates with ARM
and 20 neonates having no ARM were included in the study (2 years, i.e., conducted
between September 2018 and July 2020). The included patients were evaluated clinically and were subjected to an invertogram (after 24 hours of delivery), which is
conventional radiography. Further, MRI was performed using 1.5 T superconductive
system; 5 to 6 mm contiguous sections were obtained using a head or a body coil
according to the size of the infant patient to obtain images with sharp anatomical
detail: Sagittal, coronal, and axial conventional spin-echo T1-weighted images of the
pelvic region were obtained in all patients, with perpendicular coronal plane and the
axial plane parallel to pelvic floor.
Results The majority of patients (60%) were referred on day 3 of birth and rest were
referred after 3 days of birth. Conventional radiography, that is, invertogram was done
in all study population. Sixty per cent of the total included patients had supralevator
location of rectal pouch. Conventional radiography was detected to be low type of
ARM—all had infralevator position of rectal pouch in MRI, but 60% of the intermediate had supralevator level and all high abnormalities had supralevator level. These
distribution anomalies were statistically significant. The levator ani length index and
external anal sphincter length index were also compared and found to be thickest in
intermediate type, thick in low types, and thin in high type of abnormalities, which is
an added advantage of MRI over radiography.
Conclusion Preoperative assessment of ARM with MRI gives useful information
regarding type of malformation as well as sphincter muscle and associated malformations. Large sample size was needed for future landmark in the field of ARM.
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Introduction
Anorectal malformations (ARMs) are relatively rare congenital anomalies, with a reported incidence of around 3:10,000
live births.1 Temporarily, ARMs are treated with colostomy.
Usually, reconstruction is planned as early as possible to
achieve good bowel control.2 Exact type of ARM and fistula
is needed for definite repair. Although several classification
systems for ARMs have been proposed, the Krickenbeck classification—based on the presence/absence of a fistula and its
location—is the most widely accepted.2,3 The posterior sagittal anorectoplasty (PSARP), as described by Peña and Devries
is commonly used surgical technique for repair of ARMs;
however, this technique can be used when fistula ends below
or at the level of the pelvic floor (levator ani muscle).4 Higher
positioned fistulas, mainly the rectovesical or prostatic rectourethral need a laparoscopic or laparotomic approach.2
In cases of longer fistulas ending below the pelvic floor but
with a distal rectum ending higher above the pelvic floor,
the PSARP may not be sufficient to complete the reconstruction, and laparoscopy or laparotomy may also be required.
Preoperative imaging is thus mandatory for the surgeon to
decide the surgery.

Materials and Methods
Study Setting and Patients Selection

It is an observational study and conducted between
September 2018 and July 2020 in the Department of Paediatric
Surgery. Approval was obtained from the Institutional
Ethics Committee of Institute of Medical Sciences, Banaras
Hindu University. Newborns, referred to Pediatric Surgical
Ward through General Surgical Outpatient Department
and Emergency Department of Sir Sunderlal Hospital, were
admitted as a case of ARM. Newborns of less than 1 month of
age were included in the study. Unstable patients requiring
urgent primary colostomy were excluded from the study.

Patient Evaluation and Procedure

The included patients were evaluated clinically and subjected to invertogram (after 24 hours of delivery), which is
conventional radiography. MRI (1.5 T Siemens MAGNETOM
Avanto workstation [software Numaris/4, Version Syngo
MRB17]) was performed using 1.5 T superconductive system;
5 to 6 mm contiguous sections were obtained using a head
or a body coil according to the size of the patient to obtain
a sharp image with sharp anatomical detail. T1-weighted
images with a spin-echo (SE) pulse sequence and a short
repetition time (400–600 milliseconds) and echo time
(20 milliseconds) were obtained in all patients. T2-weighted
images were obtained in selected patients. T1-weighted
images are better for morphological description, which is the
area of interest in the study.
Sagittal, coronal, and axial conventional SE T1-weighted
images of the pelvic region were obtained in all patients.
Coronal plane perpendicular and the axial plane parallel to
the pelvic floor were taken. T2-weighted images in different planes were obtained, when associated anomalies of the
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spinal cord, spine, or kidneys were detected. A head coil was
used in infants. The slice thickness was kept as thin as possible (3–5 mm) with a small interslice gap (usually 1.25 mm).
MRI scan was done for levator ani muscle and external
anal sphincter (EAS) thickness. Interischial distance was
measured at direct coronal section (i.e., maximum thickness).
Evaluation was done at the level of rectal pouch in relation to
levator ani muscle. MRI was also evaluated for any vertebral
column, renal abnormalities. Control patients were taken up
for muscle index comparisons from nongenital anomalies of
same age group.

Statistical Analysis

Statistical analysis was done using SPSS 16, Student’s t-test.
One-way analysis of variance was used to compare the
significant difference of mean. For categorical variables,
chi-square test and Fisher’s exact test were used. A p-value of
<0.05 was considered as statistically significant.

Results
The majority of patients (60%) presented at third day of birth.
Eighty per cent of patients were male. Maximum number
of patients belonged to weight 2.1 to 3.0 kg. Sixty per cent
of the patients had supralevator rectal pouch. Sphincter
muscle complex (SMC) was visualized in the MRI films and
was found to be well developed in 40% of the cases. All the
patients with low type of deformity had well-developed SMC
complex. All patients with intermediate type of deformity
had good SMC complex and 66% of the patients with high
deformity had good SMC development in MRI scans. This
distribution was statistically significant.

Spinal Abnormality on MRI

Sixty per cent of the patients in the study were normal spine
and the other had some kind of spinal deformity. It revealed
normal lower spine in all of the patients with low type of
abnormality, whereas 80% patients with high type of deformity revealed some kind of spinal abnormality.

Urological Abnormality on MRI

Forty per cent of the intermediate types had normal urological tract and 66.7% of the high abnormalities had normal
urological tract. The data were statistically significant.

Muscle Development

The mean of the thickness of the levator ani and EAS in each
group was evaluated and the difference was found to be
statistically significant in levator ani thickness. The difference
in interischial distance, the marker of pelvic size, was also
significant between diagnoses diminishing the role of muscle
thickness comparison between diagnoses. The levator ani
length index and EAS length index were also compared and
they were thickest in the intermediate type, thick in low
types, and thin in high type of abnormality. These differences
were statistically significant. Levator ani length index and
EAS length index were correlated significantly with striated
muscle complex development. The association was highly
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significant. The difference in muscle length index of levator
ani between patients with infralevator pouch position and
supralevator pouch position was statistically significant.
Out of 40 cases, 16 patients had infralevator rectal pouch
and 24 had supralevator level of rectal pouch. SMC was well
developed in 50% of infralevator and 33.3% of supralevator
rectal pouch cases. The distribution of the SMC development
compared with the level of rectal pouch was not statistically
significant.

Discussion
ARM is a spectrum of congenital disorders affecting the distal
gut primarily anorectal region and lower urogenital system.
Varied surgical intervention, ranging from anoplasty to complex
surgical procedures can be done. Thus, varied outcomes come
from good to poor bowel control.5 The entity of ARM has been
in the literature since ancient Greek times with Hippocrates to
Aristotle mentioning and attempting to treat it.6
As compared with our previous article, which was on
postoperative MRI evaluation of ARM patients with clinical correlation in 2013, this time, the study was on preoperative evaluation with higher version of MRI machine.
This study was novel in the way that it included neonates
(n = 40) for the preoperative work-up, whereas McHugh
et al in 1995 included infants (n = 9), and Taccone et al
included infants and toddlers (n = 5). Accurate evaluation of children with ARM involves correct assessment of
the level, type of malformation, the existence of fistula,
the developmental state of the SMC, and the presence of
associated anomalies.7,8 This information is essential in
planning initial management, as well as predicting morbidity, quality of life, and prognosis of survival. Since its
introduction, MRI has been proven to be best modality to
answer these crucial questions, which is supported by the
results of the current study.

Associated Anomalies

VACTERL anomalies include anorectal, cardiac, esophageal, renal, and limb anomalies. Surgical result and
prognosis of neonate depend on associated anomalies.9
Urological anomalies occur in 28 to 72% of cases.10 Sixty per
cent of the patients were also found to have some kind of
urological abnormality such as absent kidney, hydroureteronephrosis, etc. Urological abnormalities were found
to be 37, 33, and 35% in the studies by Nievelstein et al,
McHugh et al, and Taccone et al, respectively. Thomeer
et al, on the other hand, found comparable results to this
present study, that is, 60% of the patients with urological
abnormality.11
This study also found that 60% of the patients had some
kind of a spinal abnormality from hemivertebra to spinal dysraphism too. Previous studies depicted 33 and 25%
abnormality by McHugh et al and Taccone et al, respectively,
whereas Nievelstein et al and Thomeer et al reported comparable outcomes in their study where the incidence of spinal
abnormalities were 51 and 55%, respectively.
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Some studies in the literatures show some spinal
anomalies such as myelodysplasia despite having normal
radiography.11 So, neonates with normal ultrasonography of
the spine and radiography should undergo MRI spine to rule
out spinal anomalies with ARM patients.12-14

Practical Anatomy

Levator ani muscles, puborectalis muscle, and EAS (have
superficial, subcutaneous, deep) are important for
continence.15 Axial MRI through puborectalis and EAS is
important for muscle assessment.16
Pubococcygeal (PC) line and ischial line are important
for classification of ARM. Rectal pouch above ischial and PC
lines is high-type ARM, between PC and ischial lines is intermediate, and low-type ARM when rectal gas is below both
lines.14 The puborectal and EAS muscles can be subjectively
assessed on all imaging planes in terms of size as good, mediocre, or poor. Some studies have used actual measurements
of the thickness of the sphincteric muscles as a guide to their
overall development. Subjective visual evaluation of the
sphincteric muscles without strict measurements is generally adequate.17
EAS and levator ani muscle, its development and its
association were thoroughly studied in this study. The study
found that the levator ani length index and EAS length index
were thickest in intermediate type, thick in low types, and
thin in high type of abnormality. These differences were
statistically significant. The deficiency in levator ani and
EAS muscle length index was reflected in the amount of
abnormality in urological tract in MRI scans. The levator
ani length index and EAS length index were correlated in
statistically significant manner with the normal spinal
evaluations on MRI scan. Levator ani length index and
EAS length index were correlated significantly with SMC
development.
PSARP surgery utilizes puborectalis and EAS muscles for
it.7,16 Previously, these muscles were not used for continence.
Nowadays, it is very important for prognosis. MRI gives valuable information regarding thickness, normally placed or not.16

Newborn Period
Newborn needs to classify into high, intermediate, and
low types for decision of surgery. A prone cross-table lateral plain radiograph or “invertogram” was performed to
look for rectal pouch location. In the 10 to 20% of neonates
with equivocal clinical findings, radiology can have significant inherent drawbacks. Decisions to be made during
this period are whether the patient needs a colostomy or
whether other urinary or vaginal diversions to prevent likely
sepsis or acidosis are necessary.18 Straining or crying can
cause the puborectal muscle to move 2 to 3 cm in the same
patient.19 Examination during sedation or sleep may give
a more accurate estimation of the true level of the levator
sling.16 Patients who were detected to be low type of ARM
in radiography had infralevator position of rectal pouch in
MRI. Sixty per cent of the intermediate had supralevator
level and all high abnormalities had supralevator level in
MRI. These distributions were statistically significant.

Is MRI Superior to Conventional Radiography in Neonates with ARM
Limitation of the Study

Large sample size is needed for future landmark in the field
of ARM.

Conclusion
A better understanding of the pelvic anatomy is needed for
future ARM management and its prognostication. Keeping
the trend of primary neonatal definitive repairs for better
functional outcomes and lesser morbidity, this study
was aimed to access the viability of MRI as an important
preoperative imaging modality as compare with conventional
radiology (invertogram).
MRI provides a detailed anatomy of the pelvic musculature
and SMC in neonatal pelvis which provides a route map
to surgery. MRI detected lower vertebral and urological
anomalies. The dictum that the higher the deformity, the
more the chances of spinal deformities was supported,
whereas the level of defect did not correlate in the same way
for urological abnormalities. MRI is armed with detailed
visualization and radiation-free imaging but takes a long
time and requires sedation.
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Introduction Fractal dimension (FD) analysis gives a numerical measure of the
degree of boundary irregularity or surface roughness of an object and is based on
quantitative analysis of features in an image. It quantifies the trabecular pattern of
bone by analyzing the trabecular bone and bone marrow detecting the early changes
in alveolar bone mineral content. The aim of this study is to assess the alveolar bone
density by FD analysis in digital orthopantomograms (OPGs) showing bony erosion.
Materials and Methods The OPGs of 10 patients from the archives of Department
of Oral Medicine and Radiology were included in this retrospective study. The radiographs were selected based on set inclusion and exclusion criteria. FD analysis through
box counting (using ImageJ software) was applied to the digital radiographs to establish a noninvasive evaluation of bone structure. The FD values obtained were recorded.
Results The FD values were recorded and the data were analyzed. FD values showed
statistical significance with p < 0.05.
Conclusion With the number of samples analyzed and the results obtained, it can
be concluded that FD analysis is an innovative method which can be used for early
diagnosis of bony invasion in oral cancer. It can serve as a guide to dental surgeons
in identifying the extent of bony invasion and can help in determining the margins
of surgical resection of oral malignancy. This will prove to be a useful tool in surgical
planning of oral malignancy.

Introduction
Fractal geometry was introduced by the French American
mathematician B. B. Mandelbrot in 1977. The term “fractal”
is derived from the Latin adjective “fractus” which means
broken. Fractal analysis (FA) is a method for describing complex shapes and structural patterns and expressed numerically as fractal dimension (FD).1 It gives a numerical measure
of the degree of boundary irregularity or surface roughness of
an object and is based on quantitative analysis of features in
an image. The most popular method used for FD analysis is the
box-counting method. Panoramic radiography is highlighted
in this context because it is frequently taken in the dental
office; it is rapid and low cost and uses low dose of radiation.2
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With recent advances in digital technology, image analysis has
become an essential part of several research areas from nanotechnology to neuroscience.3 FD analysis using digital orthopantomograms (OPGs) is a novel method, which can be used for
early diagnosis of bony invasion by oral cancer.
The aim of the study was to assess the alveolar bone
density by FD analysis in OPGs showing bony erosion.

Materials and Methods
The OPGs of 10 patients ([n = 10]: 5 posterior mandibles and
5 posterior maxillae) from the archives of Department of Oral
Medicine and Radiology of our college were included in this

©2020 National Academy of
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retrospective study. The radiographs were selected from the
digital OPGs taken from June to December 2019 based on the
below-mentioned inclusion and exclusion criteria. The permission was taken from the head of the department before
accessing the digital archives of the radiographs. OPGs showing bony erosion involving the mandible and maxilla were
included in the study. OPGs with artifacts and poor-quality
radiographs, radiographs with bony erosion involving the
maxillary antrum, any other obvious bony pathology, and
surgical reconstruction or fixation plates were excluded from
the study.
All the digital OPGs were retrieved from the Sidexis XG
software and were stored as JPEG files. A rectangular region
of interest (ROI) was drawn on the normal side and the side
of the bony erosion (►Fig. 1). These ROIs were saved as JPEG
image files.
ImageJ version 1.4.3 software was used to analyze the
20 ROIs. The ROI was opened with the File option of Image J
software, and converted into 8-bit binary image (►Fig. 1). FD
value was calculated using box-counting method by selecting the Analyze option. This generates a plot containing FD
value (►Fig. 2). The FD values obtained were analyzed using
the Statistical Package for Social Sciences (SPSS) Statistics,
version 20 (IBM SPSS Statistics, Armonk, New York, United
States).

Results
The mean FD values were found to be 1.802 and 1.742 for the
unaffected side and affected side (side of the bony erosion),
respectively. The statistical test used was one sample t-test.
The standard deviation was 0.057169 and 0.075896 for the
unaffected side and affected side, respectively. The standard
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error of mean was 0.018078 and 0.024000 for the unaffected
side and affected side, respectively (►Table 1).
FD values of both sides were compared (►Fig. 3). The values showed statistical significance with p < 0.05 (►Table 2).

Discussion
By innovative applications of digital dental images, it is now
feasible to improve diagnosis by image enhancement and
quantitative analysis of features in an image.4 This facilitates
not only early diagnosis of some diseases but also a more
accurate estimation of extent of disease and its prognosis. In
our study, the image analysis software employed was ImageJ
software which is a Java-based image processing program
developed at the National Institute of Health (Bethesda,
Maryland, United States) designed for scientific multidimensional images. It can perform a wide variety of imaging
manipulations with applications ranging from skin analysis
to neuroscience.3
In the present study, an inexpensive and readily available
method, that is, FD analysis via box counting, was applied
to OPGs to establish a noninvasive evaluation of their bone
structures, facilitating early diagnosis of bone invasion by
oral cancer.
FD analysis has earlier been used in the diagnosis of bone
diseases such as hyperparathyroidism, hemolytic anemia,
implant site assessment, and postendodontic and orthodontic bone changes. It gained high importance as a diagnostic
tool because of its reproducibility, reliability, widespread
availability, noninvasiveness, and being cost-effective.4,5 In
the present study, we have applied the principle of FD analysis for bone changes due to oral malignancy in mandible and
maxilla.

Fig. 1 (A) Digital orthopantomogram showing the affected side and the unaffected side. Region of interest: (B) unaffected side and (C) affected
side. Conversion to 8-bit binary image: (D) unaffected side and (E) affected side.

Fig. 2 Plot showing the fractal dimension value. (A) Unaffected side and (B) affected side.
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Table 1 One sample statistics
n

Mean

Standard deviation

Standard error of mean

Unaffected side

10

1.80250

0.057169

0.018078

Affected side (site of bony erosion)

10

1.74230

0.075896

0.024000

Fig. 3 Comparison of FD values between the normal side and the site of bony erosion. FD, fractal dimension.

Table 2 Comparison between unaffected side and affected side (site of bony erosion) by one sample t-test
Test value = 0
t

Significance
(two-tailed)

Lower

95% confidence interval of the difference
Upper

Unaffected side

99.705

< 0.05

1.76160

1.84340

Affected side (site of bony erosion)

72.594

< 0.05

1.68801

1.79659

The results of our study showed FD values between
1.72 and 1.90 in the normal side and between 1.63 and
1.88 on the side of the bony erosion. The results of FD
values were significant in our study. The present study
found that using FA, changes in the bone density can be
detected at the very early stages, that is, it can be detected
before 40% demineralization of bone occurs for it to be
detected radiologically.
In FA, a box-counting algorithm is mainly used to quantify the trabecular pattern by counting the trabecular bone
and bone marrow interfaces.6 The trabecular bone has a
branching pattern that exhibits fractal properties such as
self-similarity and lack of well-defined scale. Because of this
phenomenon, the application of fractal geometry and the
measurement of FDs can be used to determine trabecular
complexity and bone structure.5,6
A higher FD value indicates a more complex structure and
in bony erosion, there is a change toward decreased complexity of bone and a decreased FD value, which directly relates
to the reduction in the bony trabeculae. This is in agreement
with White and Rudolph, Tosoni et al, and Lee and White,
who in their study stated that radiographic variables that
Annals of the National Academy of Medical Sciences (India)
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are associated with osteoporosis showed a change toward
decreased complexity of the bone, thereby decreasing FD
values.7-9 Similarly, a study by Southard et al substantiated
that radiographic intensity surface becomes smoother (less
complex) in patients with osteoporosis, thereby decreasing
the FD values.10
Previous studies have used this technique to analyze osteoporotic bone changes in iliac crests, axial bones, and tumors
with promising results.
Quantitative computed tomography (CT) or dual photon
X-ray absorptiometry could be used to measure the bone
density but in the clinical circumstance of the dental clinic,
their usefulness is limited due to the lack of proper equipment and the difficulty of carrying out the procedures.11,12
It is also possible to measure bone density in the ROI with
the Hounsfield unit using conventional CT. In spite of these
various options, most clinicians still prefer panoramic radiographic imaging for evaluating bone quality.13
This simple, inexpensive, and noninvasive method can
prove to be an effective screening tool for detection of
bone changes before 40% demineralization has taken place.
Electronic archiving of data is possible as it is done on digital

Diagnostic Application of FD Analysis of Bone Invasion in Oral Malignancy
radiographs. The limitation of this study is the requirement
of digital radiographs.

Conclusion
With the results obtained from the present study, it can be
concluded that FD analysis is an innovative method which
can be used in cases of bony invasion in oral malignancy. It
can serve as a guide to dental surgeons in identifying the
extent of bony invasion and can help in determining the margins of surgical resection of oral malignancy. This will prove
to be a useful tool in surgical planning of oral malignancy.
Validation with a larger population of varied ethnic diversity
is recommended for wider applicability and generalization
of the results of this study. This study will be extended in a
prospective manner with a larger sample size.
Conflict of Interest
None declared.
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A 51-year-old male presented with multiple asymptomatic
nonhealing ulcers over the glans penis for last 3 months.
He was a heterosexual individual with no history of genital
ulcers in the life partner. There was no history of extramarital sexual contact. Patient denied any history of trauma,
fever, cough, constitutional features, and drug intake. On
examination, there were multiple tender, mildly indurated,
punched out ulcers with irregular margins, and yellowish
white necrotic slough on the floor, varying in size from
1 cm × 1 cm to 0.5 cm × 0.5 cm with areas of depressed
varioliform and irregular pitted scarring (►Fig. 1). There was
no inguinal lymphadenopathy.
The Mantoux test was strongly positive (26 mm × 21 mm;
►Fig. 2). Urine examination for acid fast bacilli was negative.
Ultrasound examination of genitourinary system, chest
X-ray, contrast-enhanced computed tomography chest was
not contributory. Histopathological examination revealed
epidermal thinning and necrosis with granulomatous infiltrate composed of lymphocytes and macrophages. Ziehl
Neelsen stain for acid fast bacilli was negative. Diagnosis of

papulonecrotic tuberculid of penis was made on the basis of
history, clinical examination, histopathological examination,
and laboratory investigations. Antitubercular therapy was
started for 6 months (isoniazid, rifampicin, pyrazinamide,

Fig. 1 Multiple ulcers on the coronal sulcus and neck of glans with
irregular margins and granulation tissue at the floor.

Fig. 2 Mantoux’s test performed on volar aspect of forearm was strongly positive (26 mm × 21 mm).
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and ethambutol for 2 months followed by isoniazid, rifampicin, and ethambutol for 4 months) and complete healing with
depressed scars occurred after 4 months of therapy (►Fig. 3).
Pulmonary tuberculosis is a common infection in our
part of the world; however, tuberculosis of penis is rarely
reported. Tuberculids are cutaneous lesions believed to
arise from hypersensitivity to Mycobacterium tuberculosis.
Tuberculids are characterized by positive tuberculin test, evidence of present or past tuberculosis, absence of M. tuberculosis in the skin lesions, and response to antitubercular
treatment.1
In our part of the world, prevalence of tuberculosis is still
high, and the existence of papulonecrotic tuberculid in penile
area is possible. Tuberculosis of glans penis must be excluded
if any patient present with unhealthy, nonhealing ulcer in
penis.
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Fig. 3 Healed ulcers with depressed scars after 6 months of antitubercular treatment.
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The corona virus disease 2019 (COVID-19) outbreak, which
originated in the Wuhan city of China, was declared as a
Public Health Emergency of International Concern and subsequently the overall risk of global transmission has been
categorized as very high.1,2 A total of 88,948 cases of the
disease has been reported till March 2, 2020 worldwide, of
which China alone accounted for 90% of the cases.1 However,
it is worth noting that owing to the consistent, aggressive,
and expedited efforts of the public health authorities, the
number of new cases reported from China has shown a significant downfall and even reversal in trend. In fact, in the
last 24 hours, China reported only 206 new cases, while the
rest of the world together accounted for 1,598 cases and similar sort of trends have been reported in last 5 days.1
It is quite obvious that this has not happened on its own,
especially knowing the fact that the causative virus was novel
in nature and, until now, we are still not conclusive about
various epidemiological and clinical characteristics of the
infection.2,3 China, as a nation implemented multiple strategies and kept revising them based on the evidence which
was generated as the outbreak evolved.2,3 In fact, owing to the
intensive efforts of the researchers and public health experts,
they made significant strides in virus isolation, laboratory
tests, predominant mode of transmission, incubation period
of the infection, etc., and all these findings aided the health
sector to timely shape their response.2-4
Simultaneously, efforts were made to expedite the pace
of case detection, establish facilities for isolation, and initiation of early treatment enhance the capacity building
of the health personnel by training them and strengthen
the domain of contact tracing (for instance, in Wuhan only
1,800 epidemiologists were employed for contact tracing)
and risk communication.2-5 At the same time, innovations
were also employed, including the use of artificial intelligence techniques to forecast the incidence and distribution
of the disease and adoption of 5G networks to improve the
health sector response in rural areas.4 Further, the policy
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makers from the different provinces continued to support
the relief actions by posting thousands of health workers
and also ensured that the supply of the personal protective
equipment is maintained.2,4
However, the outcome of all these interventions still
would have not delivered encouraging results, had members
of the community were not actively engaged. In fact, the
local residents dealt with the outbreak on a positive note and
adhered to all the advice of health authorities, including suspension of public gatherings or travel restriction, or support
for contact tracing.4 The outcome of all these interventions
is quite evident as China has not only significantly reduced
the disease incidence but even brought about a decline in the
footfalls in hospital and bed-occupancy rates.4 However, the
need of the hour is to continue the good work and strengthen
it further in each of the province of nation, as the authorities
have to continue treatment to 50,000 infected people and
also ensure that resurgence in cases is avoided.3-5
In conclusion, even though, the caseload has reduced
in China, still a lot needs to be done to improve the overall
response capacity of the public health emergency. The overall
response plan to COVID-19 outbreak is quite inspiring and it
reemphasizes on the fact that concerted efforts can deliver
encouraging outcomes.
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It was pleasant reading through the article “Telemedicine:
An Era Yet to Flourish in India” by Shilpa Sharma1 in this
esteemed journal. However, one of the most important uses
of telemedicine is in the field of telecardiology, which has
not been mentioned in this very important communication.2 Telemedicine plays an important role in the diagnosis
and management of coronary artery disease so much, hence
in acute cardiac emergency, it is of immense help in saving
critical time “golden hour” for diagnosing acute m
 yocardial
infarction by tele-electrocardiogram (ECG) transmitted to
heart command center at an apex hospital.3 Bhabha Atomic
Research Centre (BARC) has developed “hand held 12-channel
tele-ECG” instrument, a small hand held device that facilitates viewing the medical grade of a 12-lead ECG in real
time on android smartphones. On a press of a button placed
at the bottom, a noise-free, three-page PDF report comprising a standard report, a rhythm report, and a vector cardiogram in PDF format can be generated by the application. The
device is designed to work on all variants of smartphones and
with other mobile services such as WhatsApp and e-mail.4
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Further, with improvement in information technology, the
scope of telemedicine is widening everyday where we can
send images of various investigations to the main center
facilitating a quick diagnosis.
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Professor Mukund S. Joshi was born on March 23, 1942, in
a family of doctors. Seeing his father, one of India’s eminent
ENT surgeon, achieve excellence in his field and the significant contribution of the family to the society gave him the
impetus to take up medicine as his career.
He completed his medical education from Seth GS Medical
College and KEM Hospital, Mumbai, and joined Tata Memorial
Hospital as radiologist. He started his own private radiology
practice along with hospital work in the early 1970s. He gave
up general radiology practice after six or seven years, as he
realized that it was not very challenging. With the desire
and eagerness to learn new vistas in radiology, he travelled
to Denmark and worked for a year with ultrasound pioneer
Dr. Hans Henrik Holm at the Herlev Hospital in Copenhagen.
The ultrasound modality was in its infancy during that period,
as he described himself “For the first few months, when I
looked at the screen, I was just looking at craters on the moon.”
Later Dr. Joshi underwent sonography training under the
guidance of Dr. David Cosgrove at Royal Marsden Hospital,
London (United Kingdom), who at that time was a pioneer
of clinical ultrasonography. Subsequently, he also learned
to interpret breast sonographic images at the Sydney Square
Breast Centre in Australia. He was also trained in Doppler ultrasound at Thomas Jefferson University hospital in Philadelphia,
Pennsylvania and the University of California, San Francisco.
He returned to India and set up one of the most prestigious
Department of Ultrasound at Jaslok Hospital, Mumbai, and
continued to be the head of this facility. He also worked as consultant at Tata Memorial Hospital, Mumbai, and Professor and
Head of the Department of Radiology at the Lokmanya Tilak
Municipal General (LTMG) Hospital, Mumbai. After retirement,
he continued as Emeritus Professor at LTMG Hospital, Mumbai.
He served as Editor-in-Chief of the Indian Journal of
Radiology and Imaging (IJRI). He has been a past President
of the Indian Radiological and Imaging Association (IRIA),
Indian Federation of Ultrasound in Medicine and Biology
(IFUMB), and National Academy of Medical Sciences (NAMS),
India.
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Dr.
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was

h
onored
with
the
Honorary Membership
of Radiological Society
Mukund S. Joshi
of North America (RSNA)
in 2012, the second Indian in 100 years to receive an Honorary
Membership of RSNA, and the first Indian to receive a
Fellowship of American College of Radiology in May, 2013.
He has received innumerable honors and awards for his contribution to Radiology and Ultrasonography in particular.
Dr. Joshi has written a number of articles in national and
international radiology journals and has delivered more than
500 lectures and conducted CME Courses nationally and
internationally.
Dr. Joshi was elected as Fellow of NAMS in 1999. He
also served as NAMS Council Member, Member of various
Committees, and as President from 2015 to 2018.
In addition to his commitments to patient care, teaching
and research, Dr. Joshi has been active in administration and
community outreach programs. He was a member of the
Expert Group in the Planning Commission of India for supportive and diagnostic services at primary, secondary and
tertiary healthcare levels (Ninth 5-Year Plan).
Dr. Joshi was very fond of music, particularly ghazals and
Indian Classical songs. In one of the cultural programs of
Annual Conference of National Academy of Medical Sciences
(India) at Patna (NAMSCON 2015), he not only enjoyed the
old melodies but also sung a few lines with the singers.
Words cannot convey the persona of Dr. Mukund Joshi.
His commitment to education has won him great respect and
admiration. He has been a source of inspiration to many in
the radiological community and found a place in the hearts of
a number of friends. He used to say, “God has been kind to me
in giving me some very good friends.” He has left behind his
wife Dr. Asha and a daughter.
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