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Rising Concern of Childhood Obesity in India
UPENDRA KINJAWADEKAR

President, Indian Academy of Pediatrics, 2023
upen228@gmail.com
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The prevalence of overweight/obesity amongst
children under five years of age has increased
almost two-fold in the urban parts of the country.
Overweight was defined as weight for height

being more than 2 SD above the median of the reference
population. By this definition, about 4.2% of urban Indian
children under the age of 5 were overweight, as of 2020.
Although figures for overweight adolescents are not
captured in this survey, independent studies show that the
prevalence of overweight among adolescents rose from
9.8% in 2006 to 11.7% in 2009 [1]. Although, the numbers
do not seem very troubling right now, they are indicative of a
greater challenge looming in the horizon. India is predicted
to have more than 27 million obese children, representing
one in 10 children globally, by 2030. Further, it ranks 99th on
the list of 183 countries in terms of preparedness to deal with
the obesity epidemic.

Although unfortunate, the rise of this overweight/obesity
in India is hardly shocking. It can be understood as the
consequence of a complex interplay of a variety of factors.
First, there is a small percentage of childhood obesity that is
inherited. Parental obesity (both maternal and paternal) or
hyperglycemia can result in a predis-position to increased
deposition of fat in the child [1]. However, genetics may
account for only about 5% of all cases of childhood obesity.
Like most non communicable diseases, the socio-economic
and environmental factors have a larger role to play, the most
important being the dietary intake during childhood. With the
advent of globalization, children are exposed to more high-
fat, high-sugar, and high-salt (HFSS) foods than we ever
were. These often are marketed and advertised as healthy,
accessible alternatives to traditional meals. Further, the
narrative around ‘eating out’ is also rapidly shifting. What
was once considered an occasional luxury is rapidly
becoming a weekly norm. Food delivery apps and a plethora
of dining options have made HFSS food available at the click
of a button. Children’s idea of leisure time with friends by
and large involves a calorie-dense meal. A drastic behavioral
change is seen in children as they enter higher secondary
school – increasing academic pressures result in a depletion
of time allocated to physical activity, especially in
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adolescents. We have all witnessed how the evening
hullabaloo of children running around has increasingly come
to be replaced with a silent group of teenagers huddled
together around a device. Every additional hour of TV-time
per day increases the prevalence of obesity in children by 2%
[2]! Binge eating or increased snacking to relieve stress,
anxiety or loneliness is also now evidenced by a body of
neuro-science that shows that the chronic consumption of
energy-dense foods brings about changes in the brain’s
reward pathways (pleasure center in the brain), leading to a
loss of control over food intake, portion control, impulsive
eating – all despite often knowing the health consequences.
Higher socio-economic status is another risk factor. This is
also not very surprising. Childhood obesity was under-stood
to be predominant in the developed west, and associated with
affluence. Adopting western lifestyle – and their
consumption patterns – as a sign of class mobility is a
common Indian aspiration, one that has risen conco-mitantly
with the rise of the Indian middle class.

Obesity in childhood is highly likely to continue well into
adolescence and adulthood. Overweight/obese children
become susceptible to a plethora of lifestyle and non-
communicable diseases, including pediatric meta-bolic
syndrome, diabetes, dyslipidemia, hypertension,
cardiovascular disease, non-alcoholic fatty liver disease as
well as other endocrine, orthopedic and psychosocial
disorders [3]. The United States is now seriously trying to
contain the obesity epidemic, but is constrained by
entrenched mindsets and strong lobbyists from the food and
beverage industries. The time is now for India to learn by
observation, and prevent a major public health crisis in the
near future.

The WHO suggests a three-pronged strategy: curbing the
genetic incidence of childhood obesity by improving
parental nutrition, tackling obesogenic environmental
factors, and treating overweight/obesity in childhood to
prevent its continuation into adulthood. Early detection of
gestational diabetes and hypertension, counseling on
adequate nutritional intake and exercise are other important
measures suggested. We already know the importance of
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early initiation of exclusive breastfeeding, and
complementary feeding after six months to ensure ideal
nutritional status of the baby. Responsive parenting while
feeding allows infants to decide portion control while eating.
This simple intervention is powerful in preventing
overeating. The second strategy, one of curbing obesogenic
environmental factors, needs an innovative approach.
Stringent policy measures could include ensuring junk food
outlets are not too close to school premises. However,
individual messaging may be more feasible and practical.
Celebrities need to be made aware of their moral
responsibility in not advertising HFSS products such as
packaged beverages, and in fact, advocating for the opposite.
Replacing HFSS with home-made snacks, monitoring and
limiting eating-out are other initiatives that parents have to
take to protect their children’s health. Schools need to be
proactive in reaching out to parents of students who show
signs of overweight/obesity, and counseling them on the
consequences. IAP’s school outreach program Sankalp:
Sampoorna Swasthya (www.iapsss.org) is also contributing
to this effort of spreading awareness amongst parents,
teachers and students. I appeal to our members to visit
iapsss.org; get more information about this wonderfully
designed interactive program and start conducting it in as
many schools as they can.

India is at the precipice of a nutrition paradox. While on
one hand, the incidence of wasting, stunting, and
underweight is still very high (more than 30% on all
parameters), we are also seeing the warning signs of an
imminent crisis of childhood obesity. Other countries have
launched innovative efforts to curb this rising phenomenon:

Brazil prohibits advertisements which are intended to
influence children or adolescents to consume HFSS foods.
Ireland has strictly banned using celebrities, icons and
personalities to promote food products which target children.
Norway censors’ food advertisements on channels for
children under 18, advertising for approved food categories
during prime-time television. We too need to act upon this
danger before it becomes an uncom-fortable, prevalent
reality in our country. Pediatricians should talk about about
healthy and balanced diet during each visit irrespective of the
reason for which an infant or child is brought. Plotting the
growth parameters is another simply way of picking
overweight which can progress to obesity in no time if we
don’t address it.

The Indian Academy of Pediatrics will soon publish the
pediatric obesity guidelines and will also hold a first of its
kind pediatric obesity conclave to make our members more
aware and committed for the prevention of childhood
obesity.
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logists and pediatricians to be able to distinguish between
intersex conditions (also known as differences in sexual
development DSD). Extra emphasis may be in added in
future iterations, to explain these two distinct conditions, and
guide health care providers in appropriate counseling and
care.

Pragmatic practice: The publication describes social and
legal issues in great detail, and alludes to the challenges faced
by transgender children. It is important to advocate for the
rights of transgender and gender diverse children and
adolescents. Best practices on how to “create a nurturing
environment” and “initiate early gender-affirmative care by
family and society” should be discussed, to create a practical
and pragmatic blueprint for pediatricians. Suggestions on
how to handle bullying at school, navigate social encounters,
maintain self-esteem, and improve coping skills are required
[5].

Transgender care can be represented as a pyramid, in
which lifestyle modification and psychological support,
counseling and treatment should be integrated and offered at
all health care levels, including the primary level [6]. This
means that all pediatricians should be equipped to offer
psychological and social support to transgender children and
adolescents. Not only that, they should be able to offer
necessary support to the family of transgender children and
adolescents as well. They should also be able to provide
medical and metabolic support, or refer to the appropriate
professional expert if needed.

Gender Affirmation

Gender-affirmative therapy includes both medical and
surgical interventions. These should be planned only after the
age of consent i.e., 18 years. The statement describes these in
detail, but pays less importance to puberty postponement, or
suppression of puberty. Though these interventions have
been embroiled in needless controversy, they are ‘potentially
life-saving,’ and are essential drugs for transgender children
and adolescents. Puberty postponement allows the child time
to understand their body, and minimizes gender dysphoria.

nity in diversity is the national motto of not only
India [1], but at least four other nations/
organizations as well: the European Union,
Indonesia, Papua New Guinea, and SouthU

Africa. Unity in diversity is the foundation of modern health
care, which understands the value of multi-disciplinary and
multi-professional teamwork.

Unity in diversity also extends across the diverse phases
of the life cycle, as pediatricians work in close collaboration
with colleagues from other specialties to provide transitional
care through adolescence and young adulthood. Pediatrics,
in fact, provides a platform or foundation for optimizing
health throughout an individual’s lifespan [2].

The definition of pediatrics has broadened over the last
five decades, as has its scope and spectrum. One of the ways
in which this manifests is the wide spectrum of activities and
actions that constitute pediatric practice. While preventive
and promotive care was earlier considered synonymous with
only vaccination and sanitation, lifestyle modification [3],
mental and emotional health, gender identification and
expression, and sexual health are now considered an integral
part of the diverse facets of pediatric care.

The Adolescent Health Academy Statement

In their statement on transgender care [4], the Adolescent
Health Academy (AHA) celebrates this diversity[4]. Pedia-
tricians care for all children, irrespective of their neuro-
diversity. At times; however, conventional training does not
give adequate exposure to the needs and requirements of
transgender and gender diverse children. The AHA statement
on transgender care works to towards encourage acceptance
of all children and fosters inclusivity in all pediatric care
setups.

Language matters: The statement clarifies the various
terminologies and definitions used in transgender care,
making them easy to understand. It must be noted that the
word ‘transgender’ is an adjective, and not a noun.
Inadvertently; however, the word has been used as a common
noun in few places in the text. It is important for neonato-
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The window period that is created ensures that the child or
adolescent is sure of their gender identity, and bridges the gap
between diagnosis of a transgender identity and provision of
gender-affirmative interventions [7].

AHA clearly speaks against conversion therapy, calling it
out as “harmful and unlawful.” It proposes screening for
gender identity in clinics, and encourages pediatricians to
screen for transgender health issues.

The Pediatrician’s Responsibility

The most important take home message from the statement is
the call for pediatricians to think beyond mere medical care.
The pediatrician should shoulder the responsibility of
learning about transgender and gender diverse health,
educating the society, advocating for children’s rights, and
acting as a part of a multi-disciplinary team, and take support
from concerned experts as and when needed.

The Indian Professional Association for Transgender
Health (IPATH) [8] provides a platform for medical pro-
fessionals to engage in academic and research activities
related to transgender health. Together with IPATH and
Indian Academy of Pediatrics, AHA can work to encourage
discussion, and optimize delivery of health care for trans-
gender children and adolescents.

The statement on transgender care [4] is an important step
towards achieving an inclusive society for all gender diverse
children and adolescents. This statement should be viewed as
the beginning of a beautiful journey, as a dynamo for continued
dialogue and discussion, so as to build better health for all.
Funding: None; Competing interests: None stated.
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Advancing the Field of Fetal Neurology: A Call for Global Collaborations
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Fetal Neurology continues to grow as a distinct subspecialty informed by evolving precision diagnosis with advancements in prenatal
neuroimaging, genetic and infectious testing. While there are inherent limitations and challenges in prenatal diagnostic testing and
prognostic counseling, the interdisciplinary approach allows comprehensive guidance for perinatal and postnatal management of
neurological disorders detected early in development. The current practice of fetal neurology is heterogenous and variable across centers.
In low- and middle-income countries (LMICs), fetal neurology practice is under the umbrella of neonatal and perinatal medicine. Since
infrastructure and capacity for prenatal diagnostic and prognostic counseling may be variable, the practice approach may have to be
modified regionally based on resources, education, and setting. There is a need for collaborative development of educational opportunities,
training, guidelines, and research exploring short- and long-term outcome of prenatally identified neurological conditions. Interdisciplinary
collaborations and global professional networks are crucial to advance this unique subspecialty.
Keywords: Collaborative network, Counseling, Fetal MRI, Perinatal neurology.
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The last two decades have seen a remarkable
evolution in prenatal testing. With advancements
in diagnostic neuroimaging and genetic testing
enhancing diagnostic accuracy for prenatally

detected central nervous system (CNS) disorders, fetal
neurology has emerged as a distinct subspecialty [1-4]. Fetal
neurologic consultations benefit from a unique interdisci-
plinary approach involving pediatric neurologists, maternal
fetal medicine specialists, geneticists, neonatologists, pedia-
tric surgeons and at times, perinatal nurse coordinators or
social workers, palliative care specialists and other sub-
specialists, to interpret prenatal testing information, manage
maternal medical conditions, and comprehensively provide
prognostic counseling to guide pregnancy care and postnatal
follow-up of children born with neurological disorders.
There are inherent challenges and uncertainties in prenatal
counseling for brain abnormalities due to continued develop-
ment of the brain through pregnancy, limitations of prenatal
imaging and genomic testing, as well as heterogeneity of the
literature with limited long-term outcome studies [4].

 Globally, pediatric neurologists and obstetricians are
increasingly providing fetal neurology consultations. In low-
and middle- income countries (LMICs), fetal neurology
practice is under the umbrella of neonatal and perinatal
medicine. Specialists from neonatology, pediatrics, obste-
trics, maternal fetal medicine, genetics and neurology may
also guide the prognostic counseling discussions. Manage-
ment of children born with prenatal neurological disorders is
supported by multiple pediatric medical and surgical

specialties.  Fetal care centers are becoming more prevalent
around the world to offer comprehensive care for high risk
pregnancies, including diagnostic testing, prognostic
counseling and management. With rapid advancements in
the field, there are challenges with access to testing, care, and
standardization of practice. We, herein, focus on key
perspectives related to fetal neurology practice and how it
integrates with care for prenatally diagnosed neurological
disorders globally.

CURRENT LANDSCAPE

The global incidence of congenital anomalies varies from 3-
7% of all newborns [5-7].  CNS anomalies, such as neural
tube defects, posterior fossa anomalies, disorders of fore-
brain development, and disorders of cortical migration, are
the most common congenital anomalies and the leading
cause of morbidity, mortality and fetal loss [5-7]. Many
authors have discussed experiences about the process of fetal
neurologic consultations that include utilizing fetal neuro-
imaging with ultrasound (US) and fetal magnetic resonance
imaging (MRI), fetal genetic testing (karyotype, chromo-
somal microarray, gene panels, whole exome or genome
sequencing), evaluation for congenital infections, and
multidisciplinary collaborative discussions to aid the
prognostic counseling [3,8,9]. Globally, US remains the first
line for fetal imaging and radiologists and obstetricians
undergo specific training to develop expertise in focused
imaging to screen and diagnose various systemic anomalies.

A survey study of fetal care centers from the United
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States, in 2014, highlighted variability among centers,
beyond what could be attributed to the novelty of the field
[10]. The study found significant heterogeneity in practice,
and that families may have non-uniform experiences,
indicating the lack of consensus about best practices in fetal
care. The study provided directions for future research to
understand the variability among these unique multidisci-
plinary centers [10]. Almost a decade later, we are still
lacking consensus and guidelines in the field. A recent
publication specifically looking at the practice of fetal
neurology in the United States showed significant variability
related to frequency of consultations, gestational age and
modality for neuroimaging, genetic testing and counseling,
multidisciplinary team approach, trainee education and
subspecialty training of the consultants [11]. This fetal
neurology practice survey was the first study looking at
details of the practice landscape from a single high resource
country, and provided guidance to broaden educational
opportunities during pediatric neurology and subspecialty
training. The study identified gaps in the field such as limited
practice guidelines and highlighted the role of multi-center
fetal neurologic registries and natural history/outcome
studies for better informed prognostic counseling and
management of these pregnancies [11]. Given the hetero-
geneity in fetal neurological care across the United States
alone, there is an immense need for interdisciplinary
multicentered research and disseminatable practice tools that
can enhance patient care in resource-rich and resource-
limited countries.

ROLE OF REGION-BASED CASE

Sonography remains the mainstay modality to visualize the
brain in utero. Globally, radiologists and obstetricians are
especially trained for focused neuroimaging during the
perinatal period. Fetal MRI is relatively newer and expertise
in interpretation by trained radiologists is paramount.
Several studies have shown the superior resolution of fetal
brain MRI compared to ultrasound, particularly for
evaluating cortical development. In a recent review on
challenges in prenatal neurologic diagnosis and counselling
[4], the authors discussed a series of cases focused on
challenges in interpretation of fetal MRI due to continued
development and maturation of the brain in pregnancy, and
highlighted the limitations of prenatal testing. In a systematic
review (13 articles, n=710 fetuses undergoing both US and
fetal MRI) looking at the value of fetal MRI following US
suspicion of a CNS anomaly [12], the overall concordance
rate was 65.4% between US and MRI results, additional
information was obtained with fetal MRI in 22.1% and led to
a change in clinical management in 30% cases. Major
abnormalities in this study (n=405) included ventriculo-
megaly (44.7%) and midline anomalies (33.8%) [12]. In the
survey of fetal neurology programs in the United States, the

top five diagnoses for fetal neurologic consultations
included: agenesis of corpus callosum, ventriculomegaly,
cerebellar/posterior fossa malformations, absent septum
pellucidum, and  abnormalities of cerebral morphology
(lissencephaly, schizencephaly, polymicrogyria) [11].

In a 10-year retrospective study from a tertiary medical
center in Malaysia (n=365), less than 50% of the fetuses with
prenatally diagnosed CNS anomalies resulted in live birth,
36% passed away in the first 2 years and about 63% of the
survivors had neurodevelopmental disability [13]. Overall,
the most common CNS anomalies diagnosed on prenatal US
were ventriculomegaly (23.4%) and neural tube defects
(20%) [13]. Fetal brain MRI was obtained in only a small
proportion in this study (6 out of 365 pregnant women) after
a diagnosis of CNS anomaly on the pregnancy US [13],
emphasizing the importance of better understanding the
acceptability of fetal brain MRI across diverse practice
settings and populations.

Another study from a tertiary care center in India that
evaluated the role of MRI (n=23) in fetal anomalies showed
CNS anomalies remained the top diagnoses [14]. Mohan, et
al. [14] reported that interpretation of fetal MRI at 20 weeks
was challenging due to motion and small size, US remained
the primary diagnostic tool at 18-20 weeks of gestation and
the majority of the referrals for fetal MRI were later in the
second and third trimester of pregnancy. Among CNS ano-
malies, there were six cases of agenesis of corpus callosum,
two cases of ventriculomegaly, two cases of encephalocele,
and one case each of Chiari malformation, Dandy-Walker
malformation, unilateral cerebellar hypoplasia, vermian
hypoplasia, and Blake pouch cyst [14]. Spinal anomalies
detected were diastematomyelia, absent sacrum, myelo-
meningocele, and sacrococcygeal teratoma [14]. A retros-
pective observational study from a tertiary care center in
India assessed the potential of first trimester US in detection
of congenital malformations [15]. Out of 4080 pregnant
women undergoing US, 312 (7.6%) had structural malfor-
mations. Out of 139 women diagnosed with fetal structural
anomalies after 20 weeks gestation, 47 (33.8%)  could have
been diagnosed before 12 weeks and 92 (66.1%) had fetal
anomalies that could have been diagnosed between 12-20
weeks. This study highlighted the immense gap in early
diagnosis and potential for intervention for congenital
malformations [15].

Common diagnoses and underlying etiologies,
gestational age at referral, parental choice and options for
termination or continuation of pregnancy likely vary across
regions. The diagnostic information based on neuroimaging,
infectious and genetic testing needs to be individualized
based on specific conditions prevalent in that area. Varia-
bility in maternal health among regions could contribute to
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the differential diagnosis of fetal neurological conditions.
The treatment and outcomes for a particular diagnosis for
each region or country are also dependent on the supportive
care and resource infrastructure, including access to early
intervention therapies. Fetal neurology consultations should
carefully consider the regional outcomes for a particular
disorder, along with parental/family perspectives through
interdisciplinary discussion. However, not every patient or
center will have access to a multidisciplinary team of
specialists including maternal fetal medicine, pediatric
neurology, fetal surgeons, genetics, genetic counselor, nurse
coordinator, and other subspecialists. At times, such
consultations are being done by a single specialist with
limited access to comprehensive diagnostic testing. The
prognostic counseling and management may have to be
based in the realm of such limitations, such as use of US only
where access to fetal MRI is limited.

NATURAL HISTORY REGISTRIES AND OUT-
COME STUDIES

Neuroimaging by US or fetal MRI provides discrete
temporally defined snapshots that are integrated with other
testing to approach the diagnostic and prognostic counselling
with prospective parents. Brain maturation and development
continue through the pregnancy and there is a range of
neurodevelopmental outcomes reported for various
prenatally diagnosed neurologic conditions, limiting our
ability to predict the exact outcome for a particular fetus.
Also, medical or obstetric complications and placental
abnormalities may further impact growth, worsen brain
injury and development, and modify the final neuro-
developmental trajectory.

While there are no national registries focused on fetal
neurological disorders in the United States, the EUROCAT
study is a multi-national multi-center network of registries
with regional population-based census data. The 29
population-based EUROCAT registries surveyed 1.7 million
births per annum (29% of all European births) and reported a
prevalence of congenital cerebral anomalies of 9.8 (95% CI
8.5-11.2) per 10,000 births. The reported 4927 cases were
subcategorized to holoprosencephaly, arhinencephaly, septo-
optic dysplasia, megalencephaly, other reduction deformities
of brain, congenital malformation of corpus callosum, other
specified congenital malformations of brain, congenital
cerebral cysts, and congenital malformation of brain
unspecified. The study provided a robust overview of fetal
neurological conditions in the European population.
However, considering the heterogeneity of the conditions
and variable clinical prognosis, further diagnostic and natural
history data from diverse geographies would be of value to
improve fetal neurological care  [16]. Parallel studies done in
different countries and regions could identify the etiopatho-

genesis of common early origin neurological disorders for
that particular geography and facilitate more individualized
counselling and management for such pregnancies. More-
over, such studies may reveal important insights about
environmental, infectious and genetic contributions to early
origin neurological disorders that vary globally.

Outcome studies analyze developmental tests and scales
to predict neurodevelopmental outcome; however, this may
not always translate into functional, vocational and societal
success. There are limited data on actual functional
outcomes, integration into the educational or functional
setting and societal and community inclusion. A recent
phenomenological study from Australia looked at adults with
disorders of the corpus callosum and identified systemic and
knowledge gaps in their society through first-hand
experiences and perspectives [17].  Participants of this study
felt excluded from key life domains, struggled with identity
as adults, and described barriers to educational and
employment opportunities and integration into society. This
study gives direction to researchers for a spectrum of fetal
neurological disorders where understanding and knowledge
through lived experiences and participatory research could
provide a powerful tool to inform best practice guidelines.
Scientists should consider lived experiences of adults with
such diagnoses that could guide support through educational
and vocational years for more effective integration into the
community and foster program building.

PARENTAL PSYCHOSOCIAL STRESSORS

Fetal neurology consultations for prospective parents facing
a neurological anomaly in the developing fetus are
associated with profound stress and a range of emotions [9,
18,19]. Perinatal mental health issues and traumatic stress
among expectant parents have been studied. Psychosocial
teams to facilitate mental health screening and interventions
for parental support and coping through the challenging
course of pregnancy are recommended [18,19]. As clinicians
in a multidisciplinary setting discuss diagnostic and
prognostic information and lay out the best- and worst-case
scenarios for any infant, there is uncertainty in prediction of
neurodevelopmental outcomes due to continued develop-
ment of the fetal brain, inherent limitations of neuroimaging
and laboratory testing, and lack of predictability of
progression or associated complications in the pregnancy
[4]. About half the parents with children admitted to the
neonatal intensive care experience clinically significant
anxiety, trauma and depression, which may negatively
influence parent-child bonding and neurodevelopment [20].
Perceptions of prenatally diagnosed neurological disorders
and postnatal management may also vary among regions
based on medical and social resources and cultural
perceptions to such disorders. Development of easily
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disseminatable tools and identifying inter-regional variations
in parental psychosocial stressors are important to guide
development of support programs for parents. Assessing
measurement invariance of the ten-item Perceived Stress
Scale (PSS-10) across eight low- and middle-income
countries and across birth parity indicated the utility in
assessing maternal stress across a broad range of culturally
diverse settings, yet recommended taking caution when
comparing mean stress levels across regions [21]. Globally,
regardless of the region, parental mental health and
psychosocial support for families of infants with neuro-
logical disorders are crucial to enhance parental partnership
with medical teams for successful postnatal rehabilitation
and care, which impacts outcome trajectory across the
lifespan.

COLLABORATION AND CAPACITY-BUILDING

Fetal neurology has a unique interface with multiple
disciplines, and care provided in this period impacts the
burden of neurological disease throughout the lifecycle.  In
the post-pandemic era, the role of virtual networks for
medical education has evolved. Multidisciplinary team
meetings, perinatal clinical and educational rounds and
audits are increasingly being used to enhance practice,
training and outcomes. Enhancing collaborations across
institutions engaging in fetal neurology practice through
virtual education series could be a way to develop expertise
and capacity-building globally. The establishment of a global
professional network is imperative to enhance partnerships
for curriculum development for current trainees and
practicing health care professionals, as well as for standar-
dization of imaging techniques and protocols, and develop-
ment of guidelines in the field. In parallel, collaborative
global research in fetal neurology is needed to
determine the etiologies and outcomes of various CNS
anomalies and disorders in the prenatal period to tailor the
prognostic discussion and management based on the region
where care is being offered.

CONCLUSIONS

According to World Health Organization (WHO) worldwide
data, 2,40,000 neonates and 1,70,000 children between ages
1 month and 5 years die annually due to congenital disorders
[22]. Nine of ten children born with a serious congenital
disorder are in LMICs, and the associated long-term
disability takes a significant toll on individuals, families and
societal health and health care systems [22]. As neonatal and
under-5 mortality rates decline, congenital disorders are
responsible for a larger proportion of morbidity and
mortality in this age group. Sustainable development goals
from the United Nations and the World Health Organization
highlight the need to prioritize women and children given the
burden of morbidity and mortality during pregnancy and the

peripartum period [8,22-24]. WHO Member States
collaborated to develop a response for the resolution on birth
defects at the Sixty-third World Health Assembly (2010),
with a focus on developing and strengthening surveillance
systems; developing expertise and building capacity for the
prevention of congenital disorders and care of children
affected; raising awareness on the importance of newborn
screening programs and their role in identifying infants born
with congenital disorders; supporting families who have
children with congenital disorders and associated
disabilities; and strengthening research on major birth
defects and promoting international cooperation in
combatting them [22]. Fetal-neonatal neurology aligns with
the goals of such initiatives. For child neurologists and other
related subspecialties focusing on fetal-neonatal neurology
practice and program development, it is imperative to take
note of the global momentum and apply these concepts given
the linkage between maternal health and brain health in the
fetal and neonatal periods, as well as the long-term impact on
pediatric health [8].  As fetal neurology advances, global
collaborations can facilitate the development of practice and
guidelines, education and training in the field and also large-
scale natural history studies in this new and evolving
subspecialty.
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Pediatric trauma is preventable yet every year the number of road accident victims continues to rise. India is facing another epidemic in the
form of pediatric trauma. Children less than 14 years account for 11% of accident-related deaths in India. Road traffic injury have
multipronged effects on child’s mental and physical development. Injury during developing phase can have both long-term and short-term
consequences. Currently, India has only 5 Level 1 trauma centers where trauma care providers have mostly undergone training in Adult
Trauma Life Support. It is well established that the outcome of pediatric trauma victims is largely dependent on the management received in
the golden hour. Yet no standardized pediatric trauma training programme exists in India, and there is a need to address this gap.

Keywords: Emergency medicine, Golden hour, Injury, Road traffic accident.
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Trauma is the leading cause of mortality and
morbidity in children worldwide [1]. More than
31 kids lose their life in road accidents per day [2].
Under-19 children are most susceptible to fatal

and non-fatal injuries occurring due to road accidents, thus
posing a big responsibility for society, lawmakers and non-
government organizations (NGOs) alike. Worldwide, nearly,
220,000 children and adolescents lose their life due to road
traffic injuries. As per World Health Organization, Global
status report on road safety, 2018 [2]. India ranks first world-
wide in road traffic accidents (RTA) deaths in children aged
0-14 years, accounting for 11% of the accident-related
deaths and 17.6% of the world’s disability adjusted life years
(DALYs).

RTA have multipronged effect on children. Other than
loss of life it can lead to long term morbidities and persistent
effects of injury. There are multiple determining factors for
deciding the outcome of pediatric trauma. The most
important ones being mechanism of injury, use of protective
gear by children, type of injuries sustained, age of the child,
time to initiate resuscitation, quality of care provided, and the
competence of the care provider [2]. Government agencies
and various NGOs have been making efforts to educate the
public on road safety measures.  The National Road Safety
Policy was released in March, 2010 [3]. The policy
emphasized on the need of having a national database on
trauma, better road infrastructure, safer vehicles and driver,

road safety education and training, and enforcement of laws
[3]. However, the deaths rate continues to rise, particularly in
children. A recent study compared the independent
prognosticators of pediatric trauma mortality between India
and the United States [4]. In this study, data was collected
from the apex trauma centers from various regions of India
for a period of three years. Data was entered in Towards
Improved Trauma Care Outcomes (TITCO) data base and
compared with National Trauma Data Bank (NTDB) in
USA. The researchers found that risk adjusted odds of
pediatric trauma related mortality is 22 times higher in India
as compared to US. The odds of mortality were highest in
children with lower injury scores and physiologic severity.
The researchers suggested that prevention, trauma training,
development of protocols and early imaging would improve
the outcome of pediatric trauma victims in India [4].

Pattern of Pediatric Trauma in India

Head injury has emerged as the most common mechanism of
injury from studies on pediatric trauma in both rural and
urban India [5,6]. In children, besides accidental trauma, a
proportion of emergency department (ED) visits may be due
to non-accidental trauma or child abuse [6,7]. Studies from
northern India show accidental injury as the most common
cause of pediatric trauma [5,8,9] as compared to those from
southern India showing non-accidental trauma due to
domestic violence as a major cause [6,10]. Published
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literature shows that the outcome of children with non-
accidental trauma is worse as compared to accidental trauma
[7].

Trauma Training Program

Until now, no standardized pediatric trauma training
program exist in India. Advanced Trauma Life Support
(ATLS) training is an internationally recognized standar-
dized training of adult trauma. It was started in 1978 and has
covered all the continents of the world, being called as  a
global resuscitation program for trauma management [11]. In
April, 2022, a multicentre cluster randomized trial was
started for comparing the effect of trauma life support
training programs on patient and provider outcomes under
the aegis of Trauma life support training Effectiveness
Research Network (TERN) [12]. The focus of TERN is now
to look at pediatric trauma training and outcomes.
Internationally there are few countries who have developed
their own trauma training programs like Canada developed
TRIK (Trauma Resuscitation in Kids) course [13]. The
TRIK course is a two-day simulation-based training
particularly tailored for health care providers who manage
pediatric trauma patients, emphasizing on the roles of team
leader and team members. USA developed a multi-
disciplinary pediatric trauma training using high-fidelity
trauma stimulation [14]. They found better patient outcomes
with reduced human errors. Few centers started online
pediatric trauma training programs e.g., the Acute Assess-
ment and Management of Pediatric Trauma by Harborview
Medical Centre, which is a 7-module course designed for
care providers of pediatric trauma [15]. Unlike ATLS, the
courses mentioned above were not standardized and did not
receive global recognition. None of the low- or middle-
income countries have developed any trauma training
programs.

Even in India, there is no standardized trauma training
program. Though ATLS training does provides the basics of
understanding trauma resuscitation, children are not little

adults hence when managing pediatric victims, we need to
understand their physiology and anatomy while designing
trauma resuscitation programs for them. It is important to
adapt standardized trauma evaluation approaches such as
ATLS to children. In addition, the approach should also
adapt to the local community needs, for example if falls are
more common in India, then the trauma system training
should be geared towards recognition of all trauma but have a
particular vigilance/training towards falls and their antici-
pated injuries and evaluation of the same. Currently, India
has ATLS protocol in place for adult trauma but not for
pediatric trauma. Nationwide ATLS training is conducted in
all major trauma centers.  However, no module for pediatric
trauma management has been developed in India.

Pediatric and Neonatal Resuscitation Programs
available in India

Standardized formal resuscitation training programs are in
place for improving survival of newborn infants and children
(Table I) [16-20]. These training programs are based on
knowledge and skill. The neonatal resuscitation programs
focus on neonatal resuscitation [16]. Navjaat Shishu
Suraksha Karyakaram (NSSK) essential care and resusci-
tation training programs under India Newborn Action Plan
[17] and New-born Stabilization Unit Training Program
under the Ministry of Health and Family Welfare [18] are
designed to reduce neonatal mortality in India. Indian
Academy of Pediatrics (IAP) also provides Basic Life
Support (BLS) and advanced life support courses (ALS)
[19]. American Heart Association has also authorized certain
centers in India to conduct BLS, Advanced Cardiac Life
Support (ACLS) and Pediatric Advanced Life Support
(PALS) courses [20]. Apart from these standardized courses,
numerous other training programs are carried out at regional
levels. These training programs cannot replace formal
trauma training programs. We need separate courses tailored
for managing pediatric trauma as seen in other developed
nations.

Table I Standardised Training  Programmes in Paediatrics and Neonatology in India

Name Age group Organization

Neonatal Resuscitation Programmes (NRP) Newborns IAP-NNF-NRP-FGM) [16]
Basic Newborn Care and Resuscitation Programme (BNCRP) Newborns IAP-NNF-NRP-FGM) [16]
Newborn Stabilization Unit Training Programme Newborns Ministry of Health and Family Welfare [18]
Navjaat Shishu Suraksha Karyakaram (NSSK ) essential care Newborns Government of India. India Newborn Action Plan  [17]
and resuscitation  training programmes
Basic Life Support (BLS) Pediatric IAP [19]
Pediatric Advanced Life Support Courses (PALS) Pediatric IAP and AHA [20]

IAP: Indian Academy of Pediatrics; NNF: National Neonatology Forum; FGM: First Golden Minute Project; AHA: American Heart Association.

17



INDIAN  PEDIATRICS 802 VOLUME 60__OCTOBER 15, 2023

PEDIATRIC TRAUMA TRAINING IN INDIA

Need of Pediatric Trauma Training

The need of pediatric trauma resuscitation training has been
studied in multiple countries. Whitehead, et al. [21]
concluded that residents working in the pediatric ED perform
signi-ficantly better with hands-on opportunities.  In addition
to hands-on training course, designers incorporated online
videos in online education modules in order to investigate its
impact on resident confidence and comfort with pediatric
trauma resuscitation. Similarly, in USA, Burke, et al. [22]
conducted a qualitative assessment of simulation-based
training for pediatric trauma resuscitation. They proposed
the need of development of future simulation-based training
programs to improve teamwork, confidence, and communi-
cation between trauma team members [22]. In Saudi Arabia,
a boot camp intensive simulation-based training was
conducted to study the improvement of the basic knowledge,
confidence, and performance in the management of pediatric
trauma cases by the ED residents who had undergone
training. The results of the study were promising [23].

In order to study the need of a separate training for
pediatric trauma victims, we conducted a nationwide survey
on the need of separate pediatric trauma training. A
structured pretested questionnaire was circulated among the
trauma care providers across India in the last quarter of 2022.
Participants were asked on the trauma training programs they
had undergone, the need of separate pediatric trauma
training, their confidence on management of pediatric trauma
victims, and whether ATLS training has made a difference in
managing pediatric trauma victims. Out of the 800
participants approached, 642 (80%) participated in the
study; 93.5% of these were doctors, and rest were nurses and
paramedical staff. Study participants were working in Level
1 and 2 trauma centers across India. The need for a separate
pediatric trauma training course was felt by 86%
participants. Results of this unpublished national survey
emphasized the need that India should have its own pediatric
trauma training program. This program should promote the
use of evidence-based practice in the early identification of
life-threatening events and timely management of pediatric
trauma patients, improve outcomes for patients, healthcare
providers, and health care organizations. This program
would be catering to the demographic patterns of injury and
should have a standardized approach like the ATLS. It is high
time that India develops its own pediatric trauma and
resuscitation program. We are in the process of a developing
pediatric trauma resuscitation educational intervention
module funded by the Indian Council of Medical Research.
It would focus on developing clinical skills appropriate for
managing pediatric trauma patients.

CONCLUSION

Development of a pediatric trauma training program  in India

would promote the use of evidence-based practice in early
identification of life-threatening events and timely manage-
ment of pediatric trauma patients. It will improve outcomes
for patients, health care providers, and health care organi-
zations.  Additionally, the development of a protocol for
national pediatric trauma data registry is also needed. This
trauma registry would enable to get a complete picture of
demography, pattern of injury and outcome of pediatric road
injury victims in India.
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Objective: To examine the accuracy of World Health Organization
(WHO) growth standard in under-5 year Indian children, and iden-
tify a method to contextualize the WHO standard for India.
Participants: Data of Healthy children, defined by WHO selection
criteria, extracted from nationally representative Indian surveys
(National Family Health Surveys, NFHS-3, NFHS-4, NFHS-5 and
Comprehensive National Nutrition Survey, CNNS).
Design: Height for age z score (HAZ) and weight for age z score
(WAZ) and weight for height z score (WHZ) distributions in healthy
sample were compared against the standard normal. If deviant,
age-specific correction factors for z scores were estimated by hier-
archical linear mixed effects mean and variance polynomial mod-
els. A new term, excess mean risk of growth faltering (EMRGF),
was introduced to describe growth faltering.

Main outcome: Measure of deviation of HAZ, WAZ and WHZ from
standard normal distribution. Correction of WHO growth standards

for India leading to accurate prevalence of stunting, underweight
and wasting in Indian children using NFHS-5 data.
Results: Data on 10,384 healthy under-5 year children were ex-
tracted, of which 5377 were boys. Across surveys and metrics, the
mean z scores were significantly lower than zero (-0.52 to -0.79).
HAZ and WHZ variability (1.16, 1.07) were significantly higher than
1. Derived age-specific corrections reduced the NFHS-5 preva-
lence of growth faltering by 50%. The national EMRGF (after apply-
ing the age-specific correction) for height for age was 15.5%
(95%CI:15.3-15.8), and weight for age was 15.0% (95%CI:14.8-
15.3), respectively, in NFHS-5.
Conclusion: The WHO growth standards need contextual
customization for accurate estimation of the burden of growth fal-
tering in under-5 year children in India. When corrected, the burden
of growth faltering is lower, by half or more, in all the three indices.

Keywords: Evaluation, Height for age, Weight for age, Weight for
height.
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There is a high national prevalence of under-
nutrition among Indian under-5 year children, as
reported in the latest National Family Health
Survey (NFHS-5, 2019-21) [1] with 35.5% of

children being stunted, 32.1% underweight and 19.3%
wasted. Another national survey of Indian children, the
Comprehensive National Nutrition Survey (CNNS, 2016-
18) [2], reported similar findings. This is a negligible decline
from 38.4% stunting, 35.7% underweight and 21% wasting
reported in NFHS-4 (2014-15) [3], and the older NFHS-3
survey (2004-05) [4]. This raises questions about the impact
of national feeding programs for young children [5], but one
reason could be the contextual accuracy of growth standards.

WHO growth standards [6] are used to diagnose under-
nutrition globally in under-5 year children. These standards
are based on community study populations in six countries
(Brazil, Ghana, India, Oman, Norway and USA), with

growth-favourable socioeconomic conditions, along with all
healthy practices of child nurture [6]. The 2.5th percentile of
the distribution of height or weight for age z score (HAZ,
WAZ) and weight for height (WHZ) in these healthy child-
ren, or -2 z score, was taken as the cut-off to diagnose either
stunting, underweight or wasting for any child population
globally.

The accuracy of this universal WHO growth standard
has been questioned, since employing similar selection
criteria, High Income Countries (HICs) generally have
higher while the Low and Middle Income Countries
(LMICs) have lower references derived from local popu-
lations [7]. Further, some populations have a higher than
anticipated variability of HAZ and WAZ at a given age,
which could result from measurement errors and inflate the
growth faltering prevalence. A comparison of the dispersion
of HAZ or WAZ in carefully selected (using criteria similar



INDIAN  PEDIATRICS 805 VOLUME 60__OCTOBER 15, 2023

GHOSH, ET AL.

to World Health Organization-Multicentre Growth Refe-
rence Study (WHO-MGRS) healthy children in the local
population surveys (NFHS) with that in the original WHO
survey sample showed an excess dispersion (by 39%) for
HAZ [8].  Deviations in the HAZ and WAZ distributions
could lead to a deviation in the WHZ distribution as well.

Growth failure prevalence estimates are an essential
component of Sustainable Development Goals that are used
to rank nations and nudge governments to undertake actions
to improve child growth. We aimed to create a robust India-
specific correction for the WHO z score for height and
weight to obtain accurate estimates of growth faltering, based
on an evaluation of their distributions in healthy children in
Indian national surveys. Further, a probability-based appro-
ach to define growth faltering as an alternative to the z score
cut-off-based approach was explored.

METHODS

We utilized multiple national survey data sets, from each of
which subsets of ‘healthy’ children were extracted, similar to
those used in the WHO-MGRS survey [6].

The CNNS (2016-18) was the first national nutrition
survey of Indian children and adolescents [2]. Briefly, this
survey collected data from preschool children (aged 0-4
years), school-age children (aged 5-9 years), and adolescents
(aged 10-19 years) in all the 30 geographical states of India,
using a multistage, stratified, probability proportional to size
(PPS) survey design that covered rural and urban house-
holds. Anthropometric data of 31,058 under-5 children were
accessed.

The NFHS surveys were large-scale, multi-round
surveys conducted in a representative sample of households
throughout India, using multistage random sampling with
probability proportional to size, with an almost uniform
sampling scheme [1,3,4]. Data on under-5 children from
three surveys, NFHS-5 (2019-21), NFHS-4 (2015-16) and
NFHS-3 (2005-06) were accessed for this study [1,3,4]. The
NFHS-5 surveyed 2,32,920 children, while the NFHS-4
surveyed 2,59,627 children and the NFHS-3 surveyed
1,24,385 children, for anthropometric measurements along
with sociodemographic information.

Healthy children (analytical sample): The ‘healthy child’
selection criteria that were used for the Indian sample of the
WHO-MGRS study 2006 [6] have been listed earlier [8]. We
applied these ‘healthy child’ selection criteria: i) Residence in
an urban locality; ii) Highest two quintiles of wealth index;
iii) Graduate and above maternal education status; iv) Non-
smoking mother; v) Exclusively breastfed for the first 4
months; vi) Partial breastfeeding continued for 12 months;
and vii) No infection, including any fever and diarrhea, in the
two weeks prior to the survey, to all four surveys (NFHS 3-5

and CNNS), to select a healthy ‘analytical sample’ for this
study. A total of 13,204 children were identified, of which
1,821, 4,531 and 4,918 were from NFHS-3, 4 and 5, respec-
tively, while 1,934 were identified from the CNNS (Web
Fig. 1). Nearly 85% of the sampled healthy children
belonged to the uppermost wealth quintile and 70% to
uppermost wealth decile. The means and spread of z scores
derived from the WHO-MGRS standards [6], were com-
pared across surveys. To avoid excess variability due to
unobserved factors, children outside the lower and upper 5%
of the z scores were removed for subsequent analyses.

Derivation of corrected z score for Indian children:  First, the
mean HAZ, WAZ and WHZ were compared between the
different surveys (NFHS-3, NFHS-4, NFHS-5 and CNNS)
by a one-way ANOVA and the Tukey-HSD post hoc test.
Between-survey variation was estimated by a linear random
effects model, and by Intra Class Correlation (ICC). The
estimated mean z scores with 95% CI were also compared
against a zero value. Since consistently lower z scores were
observed across surveys within the analytical sample, a
correction method was introduced, exploring age-depen-
dency of the correction factors. We estimated correction
factors for each month of age, to ensure that z scores would
always be unit normal in a healthy population. Then, the
modified z scores for a child would be

ZWHO – ½μ (t)
ZIndia = ––––––––––

½σ (t)

Where, ZWHO is the z score of an Indian child computed
using the WHO standard, and ZIndia is the corrected z score
for that Indian child. ½μ (t) & ½σ (t) were estimated from the
fixed effects components of hierarchical linear mixed
effects mean and variance polynomial model on age, that
removed between-survey variability from both mean and
variance of z score of the healthy sample data extracted
from the NFHS and CNNS surveys [9]. The order of
polynomial was selected based on P value<0.05 and the
least Akaike Information Criteria (AIC). The equations for
½μ (t) & ½σ (t) was as follows,

μ (t) =Ψp (t) & log { ½σ 2(t)} =Ψp (t)
p p

where,   Ψp (t) = Σ     Àβi ti &Ψq (t) = Σ     Àγi ti  (pth and qth
i=0 i=0

order polynomial, respectively which would be specifically
identified for HAZ, WAZ and WHZ); Àβi & Àγi are the esti-
mated fixed effects regression coefficients for mean and dis-
persion model, respectively.

Risk of growth faltering: While stunting, underweight and
wasting are diagnosed by a cut-off Z-score of <-2 for the
HAZ, WAZ and WHZ, all children within the neighborhood
of this cut-off are of concern. Second, when the prevalence of
stunting, underweight and wasting are based on cut-offs, they
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are sensitive to the z score dispersion [10], which can be
inflated by measurement error.

To overcome these problems, we propose a new measure
of undernutrition called ‘Risk of Growth Faltering’ (RGF).
This is defined as follows.

RGF (x) = Prob (Z > z (x)) =1 – Φ (z (x))

where Φ(.) is the cumulative distribution of a standard
normal distribution and x is any anthropometric measure-
ment of a child with a given age or given height in the case of
WHZ, z(x) is the z scores for x and Z is a standard normal
variate. When the measured value of anthropometry in a
population overlaps that of the healthy standard population
of children, the RGF would be 0.5 (risk of 50%) (Web Fig.
2A). Excess growth faltering should only be considered
when the risk is greater than 50%.

A population measure that can be considered as the
equivalent of ‘prevalence’ of stunting, underweight or
wasting, is the excess mean risk of growth faltering
(EMRGF), which is defined as

where  xi the measure of any growth dimension for the  ith
child. As it is a function of the mean, the EMRGF is less
sensitive to overdispersion in the measurement. A value of
EMRGF of zero (0) can be interpreted as no excess
population risk, >0 can be interpreted as a population with
growth faltering, and <0 can be interpreted as population
with better than average growth. The values EMRGF must
be between -50 to +50 and EMGRF value approaching 50
indicates severe growth faltering. The estimation of EMGRF
in a simulated data from a growth-faltered population is
demonstrated in Web Fig. 2B.

The estimates of stunting, underweight and wasting
prevalence, that were obtained using the corrected z score
(Zindia) for Indian children, were compared against the
EMRGF in the latest entire NFHS-5 survey data. The
estimates were also compared against the estimates cal-
culated using the existing WHO global standard [6].

The statistical software R version 4.2.1 (R Core Team,
2022) was used for data analysis. The accepted false positive
error for all statistical tests was set at 5%.

RESULTS
After excluding data corresponding to the upper and lower
5% of HAZ, WAZ and WHZ, validation of 10,384 children
(CNNS: 1,585; NFHS-3: 1,561; NFHS-4: 3,622; NFHS-5:
3,616) were available for age, sex, height, and weight. There
were 5377 boys and 5007, girls out of which 963 boys and
1011 girls were below 12 months; 1505 boys and 1444 girls

were aged 12 - 23 months; 991 boys and 919 girls were aged
24 - 35 months old; 1004 boys and 884 girls were aged 36-47
months, and 914 boys and 749 girls were aged 48 to 59
months.

The mean HAZ, as calculated from the WHO standard
[6], in the final analytical subsample for each survey was -
0.56 (95% CI -0.61, -0.51) for the CNNS; -0.72 (95% CI -
0.76,-0.69) for the NFHS-5; -0.68 (95% CI -0.72,-0.64) for
the NFHS-4 and -0.74 (95% CI -0.79,-0.68) for the NFHS-3
(Fig. 1A). A one-way ANOVA, with post-hoc Tukey HSD
comparisons, showed that the mean HAZ in the CNNS was
significantly higher when compared to all the NFHS rounds.
All NFHS rounds had a consistent mean HAZ in the
analytical sample. In terms of HAZ variance, only 0.4% was
accounted for by between-survey variance. Despite the mean
HAZ in the CNNS analytical sample being 0.12 to 0.18
points higher than in the NFHS analytical sample (Fig. 1B),
the HAZ values were pooled across all surveys, because the
CNNS had a relatively smaller sample size as it was not
powered for district level estimates.  The pooled mean HAZ
from the random effects model was -0.69 (95% CI -0.71, -
0.66), and its SD was 1.16 (95% CI 1.14-1.17) (Fig. 1B, 1C).
Further, when the age-specific mean height of the pooled (all
NFHS and CNNS) sample was compared with the CNNS
sample alone, no significant difference was observed bet-
ween them (Web Fig. 3A), confirming that the pooling was
appropriate.

An almost similar pattern was observed for WAZ. The
mean WAZ was -0.66 (95% CI -0.71, -0.62) for the CNNS, -
0.72 (95% CI -0.75, -0.69) for the NFHS-5, -0.79 (95% CI -
0.82, -0.76) for the NFHS-4, and -0.79 (95% CI -0.83, -0.74)
for the NFHS-3. In terms of variance, 0.36% was accounted
for by between-survey variance. The pooled mean WAZ
from the random effects model was estimated as -0.75 (95%
CI -0.76, -0.73), and its SD was estimated as 0.93 (95% CI
0.91-0.94) (Fig. 1B, 1C).

The estimated mean WHZ was -0.52 (95% CI (-0.57, -
0.47) for the CNNS, -0.46 (95% CI -0.50, -0.43) for the
NFHS-5, -0.56 (95% CI -0.63, -0.56) for the NFHS-4, and -
0.55 (95% CI -0.60, -0.55) for the NFHS-3. When the
variance across surveys was compared for WHZ, only
0.24% was accounted for by between-survey variance. The
pooled mean WHZ from the random effects model was
estimated as -0.53 (95% CI -0.55, -0.51), and its SD was
estimated as 1.07 (95% CI 1.06-1.08) (Fig. 1B, 1C). The
pooled vs the CNNS-alone estimates for weight were also
comparable (Web Fig. 3B).

Age-specific correction factors were obtained by fitting a
hierarchical mixed model which estimated correction factors
as a polynomial function of age as prominent age trends were
observed on all the z scores (HAZ, WAZ and WHZ) within
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Fig. 1 Distribution of z scores of height for Age (HAZ), weight for age (WAZ) and weight for height (WHZ) in the analytical sample of
healthy children across four different national surveys.

the merged analytical sample data (Web Fig. 4). The
observed time trend was assumed to be sex invariant, and this
was confirmed by fitting sex-specific curves (Web Fig. 5).

For HAZ

½μhaz(t) = 0.541– 0.127t + 0.0035t2 – 0.00003t3

and ½σ haz(t) = √e(0.543 – 0.020t + 0.00023t2)

For WAZ, this was:

½μhaz(t) = 0.541– 0.0116t + 0.0001t2 & ½σwaz (t) = 0.920

For WHZ, this was:

½μwhz(t) = – 0.859 + 0.047t – 0.0016t2 + 0.00001t3

& ½σwhz (t) = √e(0.2365 – 0.004t)
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When age-specific correction factors were applied to the
HAZ, WAZ and WHZ values in the NFHS-5, the prevalence
of stunting, underweight and wasting respectively, in under-
5y Indian children was half that estimated by the WHO
standard (Table I). The EMGRF for HAZ, WAZ and WHZ
was 15.5%, 15.0% and 7.1%, respectively.  More granular
state-specific prevalence estimates by WHO MGRS (Web
Fig. 6), age specific corrected estimates (Web Fig. 7) and
estimates of EMRGF for the entire NFHS-5 data, for all the
three growth metrics (HAZ, WAZ and WHZ) are reported in
Fig. 2.

DISCUSSION

Anthropometric standards are defined by the location, scale,
and shape parameters of the distribution of growth indicators
in defined ‘healthy’ children. The 2.5th percentiles of these
standard distributions are defined as the diagnostic cutoff for
stunting, underweight and wasting for the under-5  child
population.  This study showed that the distribution (mean
and SD) of HAZ, WAZ and WHZ of healthy Indian children
may not match the WHO growth standards as expected.
Age-specific correction factors were derived for HAZ, WAZ
and WHZ for Indian children, in a stringently defined
‘healthy’ sample of Indian children, who were most likely to
have optimal or favourable conditions for growth in the local
context, using criteria analogous to the WHO standards. The
corrected stunting, wasting and underweight were much
lower (by >50% points) than that estimated using the
uncorrected, current WHO standard.

Several studies have critically examined the validity of
WHO standards for different populations and a systematic
review of the comparison of regional growth references
against WHO standards recommended the adoption of
regional standards for growth [7,11]. A method of creating
synthetic growth reference charts by incorporating infor-

mation from existing reference growth studies has been
suggested [12]. While high undernutrition prevalence is
reported in LMICs when WHO standards are used [13], very
few have critically examined the appropriateness of the
WHO standard by using local healthy child populations in
the Indian context.

When global standards are used in any given population
to measure stunting, wasting and underweight, the assump-
tion is that the absence of sub-optimal age-appropriate diet is
the main contributor to anthropometric undernutrition in that
population, which in turn may have several drivers [14].
However, this assumption discounts the fact that populations
may have different potentials for growth, and the possibility
that the Indian population has not reached its full potential of
growth but is in a path towards it as an intergenerational
phenomenon. Therefore, universal standards might be
unsuitable. This has been demonstrated in a sub-group of
children from NFHS-2, who could presumably meet their
nutritional requirements, but the prevalence of stunting was
as high as 20% and that of underweight was 9.8%, based on
WHO standards, which were well above the acceptable
prevalence of 2.5% [15].

One important drawback of any cutoff is that the
definition of disease or growth-faltering arbitrarily labels
children on one side of the cut-off as ‘abnormal’ and on the
other side as ‘normal.’ This is particularly troubling when
(many) individuals have values close to the designated cut-
off. We therefore proposed a risk-based approach, by
recommending a risk metric that estimated the likelihood of
growth faltering. Based on probability theory, an individual
risk greater than 50% must depict the potential for growth
faltering. The population estimate of growth faltering is then
defined as the excess probability of faltering (EMRGF). As
this metric is based on an average, it is free from the effects of
over-dispersion due to random measurement error, which is
particularly true for those parameters which have high
potential for measurement error due to the nature of
measurement, such as height/length. In the absence of any
measurement error, the estimate of EMRGF and the existing
descriptions like stunting will reflect population growth
faltering at a similar level. This EMGRF approach draws
inspiration from the probability approach that was used to
assess the risk of inadequate nutrient intake, as suggested by
Beaton nearly half-a-century back [16]. A similar approach
has been proposed for biomarker-based nutrient deficiency
as well [17]. When we estimated EMRGF using data for
upper two deciles of socioeconomic index of the Indian
NFHS-5, we observed values of 18.8%, 13.1% and 13.8%
for stunting, underweight and wasting respectively, when
using WHO global standard. The application of the age-
specific correction derived here, reduced these values to
5.0%, 3.0% and 1.3%, respectively.
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Table I Anthropometric Indicators for Nutritional Status of
Children Aged Below 5 Years in India, Estimated from NFHS-5
by Different Growth Metrics Derived in this Study

Growth metric Stunting Underweight Wasting

Present WHO standard 35.5 32.1 19.2
(35.1, 35.8) (31.7, 32.4) (18.9, 19.6)

Corrected WHO standard 16.6 14.9 10.2
(16.3, 16.8) (14.7, 15.2) (10.0, 10.5)

EMRGF after correction 15.5 15.0 7.1
(15.3, 15.8) (14.8, 15.3) (6.9, 7.4)

WHO: World Health Organization; NFHS: National Family Health
Surveys; EMRGF:  Excess Mean Risk of Growth Faltering.
Data taken from NFHS-5 survey with 232,320 children under 5 years,
from which 2,06,025 valid height for age measurements, 2,10,524 valid
weight for age measurements and 2,01,687 valid weight for height
measurements were available.
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WHAT IS ALREADY KNOWN?

• Current World Health Organization (WHO) standards for under-5 year children may be contextually inappropriate.

WHAT THIS STUDY ADDS?

• The distribution of WHO height and weight standards in 10,384 healthy Indian under-5 children, show that the z
scores do not follow a standard normal distribution, as expected.

• Corrected estimates of stunting, wasting and underweight, using WHO standard data, were obtained.

Based on the correction suggested here, the prevalence
of stunting, underweight and wasting in India is about 50% of
that measured by the current WHO standard. Using a similar
probability approach on the corrected distribution, the
possible risk of overweight (WHZ>1) is 15% indicating an
underestimation of overweight by the current WHO standard
(9%). The correction can divert policy action towards the
emerging epidemic of overnutrition, beginning in this age
group and in the future external validation of the corrected
prevalence can be done.

A limitation of the study is that criteria on timely feeding
of children and term birth could not be considered in the
selection of healthy children to exactly match the WHO-
MGRS selection criteria. A strength of this study is the use of
data extracted from four different national surveys over
different times and the age-specific mean HAZ, WAZ and
WHZ of the extracted sample are consistent across upper
four deciles and the uppermost decile (Web Fig. 9). The
observed deviation of growth patterns in healthy Indian
children from the WHO standard growth pattern is robust.
We have suggested corrected estimates for child growth, as
well as age-specific correction factors for z scores that are
derived from the current WHO standard. We have also
suggested a new growth metric which is robust to the
problem of overdispersion.

In conclusion, this evidence, along with that in the syste-
matic review [7], argues that the one-size-fits-all approach
for deriving population estimates of growth faltering is
misleading, and has led to misclassification in the Indian
context.  This is a key driver of misdirected policy and public
health funding, with the constant lament that no response has
occurred despite India’s economic growth and policy
initiatives. While these findings need validation in other
contexts, Indian stakeholders may consider using the present
corrected estimates for informing policy.
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CNNS  
31,058 

NFHS-5 
232,920 

NFHS-4 
259,627 

NFHS-3 
124,385 

CNNS sub-
sample 
1,934 

NFHS-5 sub-
sample 
4,918 

NFHS-4 sub-
sample 
4,531 

1. Locality: Urban.  
2. Socio economic status: Richer and richest.  
3. Mother’s education: Graduate and above.  
4. Non-smoking mother.  
5. Exclusive breast feeding for 4 months.  
6. Partial breast feeding for 12 months.  
7. No infection including any fever and diarrhea in last two weeks 

prior to the survey. 

NFHS-3 sub-
sample 
1,821 

Analytical Sample 

13,204 
10,384 

p5≤ (HAZ, WAZ, WHZ) 

Web Fig. 1 Steps of selection of analytical sample.
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Web Fig. 2  Hypothetical comparison of distribution of z scores of a population with standard (unit normal) when population growth as
per the standard (A) and when population has substantial growth faltering (B).



INDIAN  PEDIATRICS VOLUME 60__OCTOBER 15, 2023

GHOSH, ET AL.

Web Fig. 3 Comparison of estimated smoothed gender specific mean height (A) and weight (B) for age between pooled sample (NFHSs
and CNNS) and CNNS alone with 95% confidence band.
NFHS: National Family Health Surveys
CNHS: Comprehensive National Nutrition Survey

A B 

C D 
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Web Fig. 4 Age trend of the distribution of height for age (HAZ), weight for age (WAZ) and weight for heigh (WHZ) derived by the
WHO growth standard for under-5y children aged below five years.
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Web Fig. 5 Age specific mean of height for age (HAZ) (A), weight of age (WAZ) (B) and weight for height (WHZ) (C) by sex of children.
The observed time trend was confirmed to be sex invariant by fitting sex-specific curves. For HAZ, this was:

 and .

For WAZ, this was:  .

For WHZ, this was:
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Web Fig. 6 Prevalence of stunting(A), underweight(B) and wasting(C) in states of India, based on National Family Health Surveys (NFHS-
5) data using orginal World Health Organization (WHO) growth standards.

 Web Fig. 7 Prevalence of stunting (A), underweight(B) and wasting(C) in states of India, based on National Family Health Surveys NFHS-
5) using corrected World Health Organization (WHO) growth standards.
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Web Fig. 8 Estimates of excess mean risk of growth faltering (EMRGF) for HAZ, WAZ and WHZ by state based on NFHS-5 data.

Web Fig. 9 Age sepecfic mean z scores of height for agd (HAZ), weight for age (WAZ) and weight for height (WHZ) of healthy children
across upper 4 deciles, upper 2 deciles and upermost decile of wealth.
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Objective: To study the impact of a brief early childhood develop-
ment (ECD) intervention, Sit Down and Play (SDP), integrated within
routine healthcare visits on parent and child outcomes.
Methods: Between April, 2018 and March, 2019, caregivers and
their infants aged 5-6 months attending a well-baby clinic were
enrolled and randomized to intervention (n=26) or control (n=26)
groups. Intervention families received SDP at recruitment and two
subsequent immunization visits (8 months and 10 months). Control
families received usual care. ECD outcomes were assessed
through in-person assessments at the age of 12 months using the
Stim Q subscales to assess parenting behaviors, and the
Developmental Assessment Scale for Indian Infants (DASII) for
neurodevelopment.

Results: There was a significant improvement in parent-child
stimulation activities and verbal interactions in the intervention group
compared with the control group [6.1(1.4) vs 4.9 (1.3); P=0.002].
Infants in the intervention group had significantly higher DASII
scores in multivariable analyses [108.0 (103.0-111.3) vs 102.0 (96.8-
108.0); P=0.04].
Conclusion: Our findings suggest a brief healthcare intervention
supports opportunities for early learning among caregivers and
neurodevelopmental outcomes in their infants.
Keywords: Neurodevelopment, Nurturing care framework,
Parenting, Sit down and play intervention.
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It has been estimated that at least 250 million children
under 5 years of age in low- and middle-income
countries (LMICs) are at risk for not achieving their
development potential due to factors including ex-

posure to infectious illnesses, malnutrition and poverty [1].
These risk factors are specifically associated with poor
developmental outcomes in speech, language, and cognition
[1]. As the first years of life provide a crucial foundation for
future physical, mental, and emotional well-being, these
early delays have important implications for young children
in LMICs, including India, where an estimated 65 million
children under 5 years of age are estimated to be at risk for
not reaching their developmental potential [2].

The Nurturing Care Framework (NCF) highlights health,
nutrition, safety, responsive caregiving, and opportunities for
learning as critically important to support ECD [3]. As per
World Health Organization guidelines on early childhood
development (ECD), is an emphasis on supporting opportu-
nities for learning (e.g., reading and play) and responsive
caregiving, as an effective strategy to mitigate the effects of
socioeconomic adversity on subsequent neurodevelopment.

Play incorporates many diverse forms and definitions,
and includes imaginary activities as well as social inter-
actions among children, peers, their caregivers and other
adults [5]. Studies demonstrate that engaging in play can
contribute to improved development in fine and gross motor
skills, enhanced comprehension, social-emotional well-
being, problem solving behavior, and better language
attainment [6].

Despite these advantages, a systematic review of
healthcare-based interventions targeting parenting behaviors
in LMICs did not identify any published studies that
originated in India [7].

Sit Down and Play (SDP) is an intervention to support
opportunities for early learning as a means to improve ECD
[8]. Previous studies of SDP during well-child visits in
Karnataka, India have demonstrated feasibility and a
positive impact in key parenting behaviors that promote
ECD [9,10]. While the studies demonstrated positive pre-
and post-changes in parenting behavior outcomes, neither
study utilized a comparison group nor examined child
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outcomes. Thus, the objective of this study was to examine
the impact of SDP on child and parent outcomes at a
healthcare facility at 12 months of age.

METHODS

This study was conducted at a well-baby clinic in a tertiary
care hospital in Belagavi, Karnataka between April, 2018
and March, 2019. Parents and their infants attending the
well-baby clinic were eligible to participate in the study if
they fulfilled the inclusion criteria viz., parents were at least
18 years of age, and infants were 5-6 months of age
(attending for influenza vaccination). Participants were
excluded if children were acutely ill, had a known neuro-
motor disability, genetic disorder, congenital anomaly,
metabolic disorder, a history of any surgery in the past 6
months, or had a history of neonatal intensive care unit
(NICU) stay.

SDP is a brief intervention (10-15 minutes in length)
which is designed to be delivered during routine healthcare
visits for children in the first 2 years of life. Based upon the
social cognitive theory [12] and adapted from existing
parent-directed programs including Reach out Read and
Care for Child Development, it aims to support a child’s
early social and learning experiences through parent-child
play [8-10]. During each intervention session, SDP adminis-
trators discuss the importance of early learning opportunities
and parent-child interactions on a child’s development. SDP
administrators then model examples of how to use simple
toys (e.g., balls, rattle) to incorporate play and key parent-
child interactions into everyday routines. Caregivers are then
asked to play with their child and the administrators provide
praise to positively reinforce behaviors. The caregiver is
given the toy to take home with additional suggestions to
incorporate play into everyday activities such as cooking and
bath time. While the inter-vention is designed to be delivered
by non-professionals, for this feasibility study, administrators
were physical therapists.

As this was a pilot study, we were primarily interested in
precise estimates of outcome variables. We aimed to recruit
at least 50 participants, which exceeds the threshold for
sufficiently precise estimates of the variance of change in
measured outcomes in this population to use in future studies
[11].

We conducted a single-blind randomized trial. Com-
puter-generated random numbers were used to allocate
participants to intervention or control groups. Sealed and
opaque envelopes, which were serially numbered, were used
for allocation concealment. The envelopes were opened after
obtaining demographic and study measures by a research
assistant who was not involved in delivering the intervention
or assessing child outcomes.

Parent-child dyads in the control group received usual
care, which comprised of education regarding feeding and
nutrition, anthropometric assessment, developmental screen-
ing, and immunizations. Participants in the intervention
group received the intervention, SDP, at enrollment and at the
two subsequent immunization visits (i.e., 8 months for
typhoid vaccine, and 10 months for MMR vaccine) in
addition to usual care. Delivery of SDP was by a single
physical therapist for all participants. In-person follow-up
assessments using the Developmental Assessment Scale for
Indian Infants (DASII) were completed by certified DASII
evaluators who were physical therapists, for both groups at
the 12-month visit (coinciding with hepatitis B vaccination).
The evaluators were blinded to the group allocation study
condition.

At baseline, the demographic characteristics of the study
participants were obtained including information related to
marital status, number of adults and children in the family,
and parental level of education, age the age and sex of the
infant.

The StimQ questionnaire [13] was used in this study. It is
a self-report questionnaire to assess parental involvement in
different activities that promote ECD. The StimQ consists of
four subscales: availability of learning materials (ALM),
reading-verbal scale, parental involvement in developmental
advance (PIDA) scale, and parental verbal responsivity
(PVR) scale. To assess areas of focus related to SDP, the
PIDA and PVR subscales were selected for this study. The
PIDA evaluates caregiver teaching and play activities, and
the PVR assesses verbal interaction between the caregiver
and their child. It has been used previously among Indian
children age 12-30 months [14]. The StimQ has been
reported to have good internal consistency, test-retest
reliability, and criterion-related validity [15]. It also has good
concurrent validity and predictive validity with measures of
child development [14].

The Developmental Assessment Scale for Indian Infants
(DASII) was used to examine child outcomes. The DASII is
adapted from the Bayley Scales of Infant and Toddler
Development for use in India.  It is extensively used to assess
motor and cognitive (i.e., “mental”) development in Indian
children aged 0-30 months and has 163 mental and 67 motor
assessment items [16]. The DASII provides a development
quotient which is calculated using motor and mental quotient
subscales.

Institutional Review Board approval was received from
the first author’s institution. The protocol was registered at
the Clinical Trials Registry-India (CTRI).

Statistical analysis: We assessed differences in socio-
demographic characteristics between the study groups at
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baseline using Chi-square tests for categorical variables
(gender, education) and t test for continuous scores. We
estimated the effects of the intervention by comparing
follow-up scores between the groups using t tests. We used
multivariate linear models to adjust for sex, education, and
for PVR and PIDA score at baseline.

RESULTS

A total of 70 parent-infant dyads were screened for eligibility,
of which 8 did not meet inclusion criteria and 10 declined to
participate due to challenges with transportation (Fig. 1).
After obtaining informed consent, 52 dyads (29 male infants)
were enrolled and randomized into the intervention (n=26)
or control groups (n=26). The characteristics of the study
participants are presented in Table I. There were no
significant differences between groups at enrollment.

There were no statistically significant differences in the
mean PIDA and PVR scores between groups at enrollment
(Table I). However, at follow-up, significant improvements
in PIDA [6.1 (1.4) vs 4.9 (1.3); P=0.002] and PVR [Inter-
vention 9.8 (1.5) vs 8.4 (2.0); P=0.006] scores were
observed between groups.

Table II shows the exploratory results of linear model
analyses of SDP on parenting outcomes. At follow-up,
differences between intervention and control groups were
seen in PIDA [mean difference (95% CI) 1.3 (0.50-2.1);
P=0.002] and PVR [MD (95% CI) 1.6 (0.6-2.6); P=0.003].

Children enrolled in the intervention group scored
significantly higher on the DASII at 12 months compared
with the control group as assessed by mental, motor and
developmental quotients (Table III). This difference
remained significant for the mean DASII developmental
quotient (95% CI) at 12 months [108.0 (103.0-111.3) vs
102.0 (96.8-108.0); P=0.04] after adjusting for education
and sex in multivariable analysis.
DISCUSSION
In this single-center pilot study, we found that SDP improves
assessments of parenting behavior specific to supporting
ECD, as well as improved neuromotor development in
infants on the DASII at 12 months.

Our study adds to the recent literature that leverages the
advantages of the healthcare settings to target the quality of
early life experiences as a means to improve ECD [7].

Screened  (n=70)

Did not meet the inclusion criteria (n=8)→

Assessed for eligibility (n=62)

Excluded (n=10)
• Declined to participate (n=10)→

Enrolled and randomized (n=52)

↓
Allocation

Allocated to intervention (n=26)
• Received allocated intervention (SDP)

at age of 6 month (n=26)

↓ ↓
Allocated to Control (n=26)
•   Received usual care (n=26)

Follow-up
Received SDP at age of 8 month (n=26)

↓

Received SDP age of 10 month (n=26)
Analyzed

Assessed for parenting behaviors and
neurodevelopmental outcomes at age of 12

month (n=26)

Assessed for parenting behaviors and
neurodevelopmental outcomes at age of 12

month (n=26)

↓

↓ ↓

SDP – Sit down and play intervention.

Follow-up

Screened

Enrollment

Fig. 1 Study flow diagram.
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Similar to previously studies in other LMICs, our study
utilized parent-child shared play as a means to support
opportunities for learning and responsive caregiving with
positive impacts on child development [15]. While these
pioneering programs have capitalized on the advantages of
the healthcare setting, frequent additional visits (i.e., 12-44 in
a year) or use of professionals raise potential costs hampering
sustainability and scalability efforts. Thus, our goal was to
build on these innovative programs with a less intensive
population-level healthcare-based program which could
have potential for widespread dissemination for use in a low-
resource setting.

Our study did have certain limitations. First, our sample
was relatively small, recruited from a single site, excluded
children with a complex medical history, and did not adjust
for all demographic characteristics; these limitations impact
the generalizability of our findings to other populations
within and beyond the Indian subcontinent. Second,

parenting outcomes were assessed using self-reports and as
such, at risk of reporter bias and recall bias. Moreover, as
families in the intervention arm could not be blinded to the
condition, this may have augmented existing bias in terms of
social desirability and performance bias. Nevertheless, we
demonstrated successful enrollment, no attrition, and high
rates of outcome measure completion from all participants.
Moreover, we measured child outcomes using a valid,
reliable, developmental diagnostic assessment specifically
designed for use in India.

Despite these limitations, our findings provide valuable
direction for future studies and for consideration for the
integration of such interventions into public health policy in
India. However, future studies should include larger samples
and varied population groups, including those at high-risk of
developmental delay such as premature infants, infants with
a history of NICU stay, and those born small for gestational
age. While infants with a more complex medical history may
require more intensive support, an understanding of how a
brief intervention may potentially impact these caregivers
and their infants is necessary to examine generalizability.

SDP is designed to be delivered by nonprofessionals, but
in this study it was delivered by physical therapists. The use
of professionals may have contributed to the positive
findings. Future studies should assess delivery with teams
with basic educational qualifications which will be critical to
support future scalability and dissemination efforts of the
intervention. Assessing parental engagement in the inter-
vention will be an important area for future research.
Facilitators and barriers affecting parental engagement and
uptake may impact intervention effectiveness and will be an
important consideration in future dissemination efforts.
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Table I Demographic Characteristics of the Study Participants

Control group  Intervention
(n=26) group (n=26)

Male sex 14 (53.8) 15 (57.7)
Maternal education

High school <2 y 3 (11.5) 4 (15.4)
Completed high school 15 (57.7) 14 (53.8)
Some collegea 0 (0.0) 1 (3.8)
2-year degree 3 (11.5) 1 (3.8)
Some graduate work 2 (7.7) 3 (11.5)
Graduate or postgraduate 3 (11.5) 3 (11.5)

Values in no. (%). All P>0.05. adid not graduate.

Table III Between Group Differences in Child Outcomes and Multivariate Analysis

Follow-up assessment Multivariate analysis estimated marginal
means (95% CI)a

Control (n=26) Intervention (n=26) P Control Intervention P

Motor quotient 103.1 (14.8) 110.6 (10.5) 0.04 104.0 (96.2-111.0) 111 (103.7-118.0) 0.07
Mental quotient 97.3 (8.2) 102.5 (10.7) 0.05 101.0 (95.5-06.0) 105.0 (100.4-110.0) 0.09
Developmental quotient 100.2 (9.4) 106.5 (9.4) 0.02 102.0 (96.8-108.0) 108.0 (103.0-111.3) 0.04
Values in mean (SD). aAdjusted for respondent education and sex.

Table II  Between Group Differences for Parenting Outcomes at Each Time Point and Multivariate Analysis at  Follow-up

Baseline Follow-up Multivariate analysis estimated marginal
means at follow-up (95% CI)a

Control (n=26) Intervention (n=26) P Control Intervention P Control Intervention P value

PIDA 1.8 (1.6) 1.3 (1.3) 0.2 4.9 (1.3) 6.1 (1.4) 0.002 5.1 (4.3-5.9) 6.4 (5.7-7.1) 0.002
PVR 3.5 (2.5) 3.5 (2.7) 1.0 8.4 (2.0) 9.8 (1.5) 0.006 7.8 (6.8-8.8) 9.4 (8.5-10.3) 0.003
Values in mean (SD). aAdjusted for respondent education, sex, and baseline scores. PIDA:parental invovement in developmental advance scale, PVR:
parental verbal responsivity scale.
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WHAT THIS STUDY ADDS?

• A brief healthcare-based intervention within existing healthcare services was effective in supporting early learning
among caregivers, and neurodevelopmental outcomes in their infants.

It will be important to assess underlying mechanisms and
examine factors for promoting risk and resilience in ECD
outcomes. Future research focusing on these areas will be
important to identify children at risk early and to identify novel
targets for intervention. The frequency of touchpoints in SDP
may have also reinforced the importance of partici-pating in
early learning opportunities for the intervention group who
received the intervention at three different timepoints at 2-
month intervals. Alternatively, findings may have resulted from
impacts on knowledge and attitudes regarding early learning
opportunities which were also not evaluated in this study.

According to the NCF, a child’s early social experiences
and opportunities for learning are as important as good nutrition
and access to healthcare to support ECD [3]. Our results suggest
that a brief healthcare-based program may provide one strategy
to promote these experiences with the potential to positively
impact a child’s development. Future research should focus on
evaluating the generalizability of SDP to wider population
groups and elucidating its underlying mechanisms.
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Rapidly progressive glomerulonephritis (RPGN)
is a medical emergency and is histopatho-
logically characterized by the presence of
crescents [1,2]. Kidney outcomes described in

this condition are heterogenous, with rates of end stage
kidney disease (ESKD) ranging from 10-51% [2-6].
Though, classically defined as presence of ≥50% crescents
on renal biopsy, the presence of even a single crescent may
have an influence on the kidney outcomes [2,4,6,7]. Many
previous studies on RPGN have used varying inclusion
criteria ranging from a single crescent to ≥75% [2,4,7-13].

There is a paucity of information regarding the etiology
and outcomes of children with RPGN from India. The
primary objective of this study was to determine the clinico-
etiological profile of RPGN, while the secondary objectives
were to study the outcomes in these children and evaluate the
determinants of kidney survival.

METHODS

A retrospective cohort of patients aged <18 years with

suspected RPGN who underwent kidney biopsy and were
under follow-up at the pediatric nephrology inpatient
services of our referral hospital over an 8-year period (2014-
2022) were screened and enrolled into the study. The data of
the children with RPGN who died were retrieved from the
medical records available in the hospital information system.
The study was approved by the Institute Ethics committee
and informed consent was obtained from the parents prior to
inclusion of patients into the study. Eligible subjects included
patients aged <18 years with rapidly progressive renal failure
who underwent kidney biopsy and demonstrated at least one
crescent on light microscopy in a core containing ≥10
glomeruli and had a minimum follow-up of ≥12 months
[2,4]. Data regarding clinical presentation, etiology, course,
therapy received, biochemical features and biopsy were
recorded in a predesigned proforma. Hematuria was defined
as >5 red blood cells (RBCs)/high power field in centrifuged
urine [14]. Proteinuria was defined as urine dipstick 1+ or
more and/or spot urine protein: creatinine ratio (Up:Uc) >0.2
mg/mg. Up:Uc was graded into nephrotic range (Up:Uc >2)
and sub-nephrotic range (0.2-2) [15]. Standard definitions
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were used for defining and staging hypertension [16]. Acute
nephritic syndrome was defined as acute onset of hematuria
(gross or microscopic) with proteinuria; in the presence of
edema, hypertension, or oliguria [14]. eGFR was calculated
by modified Schwartz formula [17]. Acute kidney injury
(AKI) was diagnosed and staged as per KDIGO guidelines
[18]. Oliguria was defined as urine volume <0.5 mL/kg/h for
6 hours [18]. End-stage kidney disease was defined as  eGFR
of less than 15 mL/min/1.73 m2.

RPGN was defined as a rapid decline in renal function
(50% decline in estimated glomerular filtration rate (eGFR))
within few days to weeks, in children presenting with acute
nephritic syndrome, histologically characterized by the
presence of at least one crescent [2,4]. Light microscopy,
immunofluorescence and wherever possible, electron micro-
scopy findings, were recorded. A crescent was defined as
extra capillary proliferation of more than two cell layers
involving >10% glomerular circumference [19]. Crescents
were classified as cellular, fibrocellular, or fibrous. Based on
the composition of the crescents, following terms were used:
Cellular crescent: more than 75% cells and fibrin and less
than 25% fibrous matrix; Fibrous crescent: more than 75%
fibrous matrix and less than 25% cells and fibrin; and
Fibrocellular crescent: 25-75% cells and fibrin and the
remainder fibrous matrix [19]. The pattern and intensity of
staining for immunoglobulins (IgG, IgA, IgM, kappa, and
lambda light chains), C3 and C1q on direct immuno-
fluorescence was recorded. Standard criteria were used for
diagnosing infection-related glomerulonephritis (IRGN),
lupus nephritis, IgA vasculitis, IgA nephropathy, C3
glomerulopathy (C3G), immune complex-mediated mem-
branoproliferative glomerulonephritis (IC-MPGN), anti-
glomerular basement membrane (GBM) disease and pauci-
immune glomerulonephritis [20-27].

Etiology of glomerulonephritis was ascertained based on
clinical, serological, and histopathological data. The
management of RPGN included supportive care in the form
of fluid and electrolyte balance, dialysis if indicated, therapy
of coexisting hypertension and infections along with
definitive treatment by induction of remission and mainte-
nance of remission. Remission was induced with three pulses
of intravenous methylprednisolone followed by intravenous
cyclophosphamide for 6 doses at 4-week intervals and oral
prednisolone tapered to minimal alternate day dose in
children.  Thereafter, appropriate management was done for
maintenance as per the underlying etiology (e.g., myco-
phenolate mofetil for 3 years for lupus nephritis) [23]. RPGN
secondary to IRGN was managed with IV methylpre-
dnisolone pulses followed by tapering doses of prednisolone
for 3-6 months. Additional therapies like plasma exchange
(PLEX) or  rituximab were used in situations such as
refractory lupus nephritis.

Outcomes were categorized as: i) complete renal
recovery (Up:Uc<0.2; serum albumin ≥3 g/dL, no hyper-
tension and estimated GFR ≥90 mL/min/1.73 m2), ii) partial
renal recovery (Up:Uc 0.2-2; hypertension (BP >95th
centile), and estimated GFR ≥90 mL/min/1.73 m2), iii)
chronic kidney disease (CKD) stage 2 and beyond, and iv)
mortality [7]. Kidney survival time was defined as time from
diagnosis till being free of CKD G2, G3a, G3b, G4, G5 or
death.

Statistical analysis: Data were analyzed using SPSS version
19.0. Kolmogorov-Smirnov test was used to assess nor-
mality of continuous variables. Categorical variables were
compared using Chi-square test or Fisher exact test.
Continuous variables were compared using Student t test or
Mann whitney U test. Spearman correlation test was used for
measuring the correlation between percentage of crescents
and eGFR at last follow-up and renal outcomes. Receiver
operating characteristic (ROC) curve analysis was
performed to find the optimum cutoff for percentage of
crescents in predicting kidney survival and Youden index
was calculated. The effect of etiology of the disease and
percentage of crescents on kidney survival was plotted as a
survival function using Kaplan- Meier curves. Log-rank test
was used to compare the survival function of various etio-
logies on kidney survival. Kruskal-Wallis test was performed
assess the difference in median eGFR levels at admission and
last follow-up between different etiologies. Univariate Cox
regression was performed to identify potential risk factors
associated with kidney survival. The variables that were
found to be significant were further included in the multiple
cox regression model. Adjusted hazard ratios (HR) with 95%
confidence intervals were estimated. P value less than 0.05
was considered as statistically significant.

RESULTS

Among the 102 kidney biopsies done for suspected RPGN
during this period, 68 had atleast one crescent with adequate
kidney tissue. These 68 cases (34, 50% females) with
crescents were finally considered as RPGN. The 34 patients
who did not have crescents on kidney biopsy were cases of
IRGN with diffuse proliferative glomerulonephritis on light
microscopy with IgG and C3 deposits on immunofluore-
scence. The median (IQR) duration of follow-up of the
cohort was 24.5 (12,48) months.

The median (IQR) age at disease presentation was 10
(7,12) years. At the time of diagnosis, 64 (94.1%) were
hypertensive, 37 (54.4%) had nephrotic-range proteinuria
and 60 (88%) had oliguria; 27 (40%) had anasarca at
presentation and and 18 (26.4%) patients had pulmonary
edema, 20 (29.4%) hypertensive emergency and 22 (32.4%)
required dialysis at presentation. Twelve children (17.6%)
had posterior reversible encephalopathy syndrome (PRES)
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Fig. 1 Receiver operating characteristic (ROC) curve for
discriminatory ability of percentage of crescents for the study
outcome.

(Table I). The median (IQR) eGFR at admission in the
enrolled cases was 19 (10.93, 38.60) mL/min/1.73m2, which
improved to 126 (102.7,142) mL/min/1.73m2 at the last
follow-up (P<0.001) (Web Fig. 1).

All enrolled patients had immune-complex mediated
crescents. The most common etiologies included lupus
nephritis [23 (33.8%)], C3G [21 (30.9%)] and IRGN [15
(22.1%)]. Other etiologies included IgA nephropathy [5
(7.4%)], IC-MPGN [3 (4.4%)], and IgA vasculitis [1
(1.5%)]. Among 23 lupus nephritis patients, eighteen
children were classified as lupus nephritis class IV and five
were lupus nephritis Class III. Among 21 children with C3G,
electron microscopy was available for four children. Three of
these showed C3 glomerulonephritis, while one showed
Dense deposit disease. The median duration of symptoms
prior to presen-tation was 6 (5, 11.5) days, with IRGN
demonstrating the shortest periods between onset of
symptoms and diagnosis [4 (3,6) days], in comparison to
lupus nephritis [10 (5,14) days] and IgA nephropathy [7 (6.5-
17) days] (P=0.003).

 The median (IQR) glomeruli on kidney biopsy samples
of the cohort were 16 (11,23). The median (IQR) proportion
of glomeruli showing crescents was 27 (5-62) % in IgA
nephropathy (n=5), 11 (5-40) % in lupus nephritis (n=23),
and 9 (5-42.5) % in C3G (n=21). There was a significant
negative correlation between the percentage of crescents and
eGFR at the last follow-up [Spearman P=-0.281, P=0.02].
Based on ROC curve analysis with an area under curve

(AUC) of 0.7, kidney outcomes of the study were also noted
based on a crescent cutoff of 37.5%  (maximum Youden
index) (Fig. 1). The crescent threshold of 37.5% provided a
sensitivity of 52% and specificity of 85% against a much
lower sensitivity of 36% with percentage threshold of 50% in
this cohort. 33 patients in the cohort had a single crescent, out
of which 5 (7.35%) progressed to CKD 2 and beyond.
Crescents involving ≥37.5%-50% glomeruli were seen in
five patients, out of which two progressed to ESKD; 2 had
partial renal recovery and 1 attained complete renal recovery.
Crescents in >50% glomeruli were seen in 9 (13.2%) patients
out of which five progressed to ESKD (3 of these patients
died within 6 months of initial diagnosis), and four achieved
only partial remission at the last follow-up of 12 (6,30)
months. Fibrocellular and  fibrous crescents were found in 14
(20.5%) children [LN (n=7), C3G (n=4) and IgA nephro-
pathy (n=3]. Endocapillary hypercellularity, segmental
sclerosis, acute tubular necrosis and tubular atrophy were
seen in 59 (86.7%), 17 (25%), 14 (20.5%) and 3 (4.4%)
patients, respectively.

Twenty-two cases (32.4%) required a median (IQR) 6
(4,9) hemodialysis sessions. PLEX was performed in one
child with refractory lupus-associated thrombotic micro-
angiopathy.

Of the initial cohort of 68 children, six children died
during the follow-up period. Out of these, three children with
lupus nephritis class IV progressed to ESKD within 100 days
of initial presentation and died, while 3 other children with
C3G, lupus nephritis class III, and lupus nephritis class IV

Table I Baseline Characteristics of Children With Rapidly
Progressive Glomerulonephritis (RPGN) (N=68)

Parameters Value

Duration of symptoms at presentation (d) 6 (5, 11.5)
Hypertension at admissiona 64 (94.1)
Proteinuria at admission

Nephrotic range proteinuria (Up:Uc >2)a 37 (54.4)
Proteinuria (mg/mg)b 8.4 (2.2)
Sub-nephrotic range proteinuria (Up: Uc 0.2-2)a 26 (38.2)
Proteinuria (mg/mg)b 0.81 (0.3)

Up:Uc <0.2c 5 (7.35)
Serum albumin at presentation (g/dL)b 2.81 (0.59)
Peak serum creatinine in hospital (mg/dL) 2.67 (1.50, 4.18)
KRT requirement a 22 (32.4)
Duration of PICU stay (d) (n=21)a 7 (4.5, 8)
Length of hospital stay (d) 15 (12, 20)

Values in median (IQR), ano. (%) or bmean (SD). cThese five patients had
urine albumin positivity on urine dipstick (1+ or 2+). eGFR: estimated
glomerular filtration rate; Up:Uc-urine protein to urine creatinine ratio;
KRT: kidney replacement therapy, PICU: pediatric intensive care unit.
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Fig. 2 Kaplan-Meier analysis curve depicting the survival
function of patients with rapidly progressive glomerulonephritis
(RPGN).

Table II Outcomes of Rapidly Progressive Glomerulonephritis
in Children at the Last Follow-up (N=68)

Parameter Value

Complete renal recovery 39 (57.3)
Lupus nephritis (n=23) 11 (47.8)
C3 glomerulopathy (n=21)  8 (38)
IRGN (n=15) 15 (100)
IgA nephropathy (n=5)  3 (60)
IC-MPGN (n=3)  1 (33)
IgA vasculitis (n=1)  1 (100)
Partial renal recovery 13 (19.1)
Persistent proteinuria 11 (16.2)
Persistent hypertension 13 (19.1)
Etiology

Lupus nephritis (n=23) 5 (21.7)
C3 glomerulopathy (n=21) 7 (33.3)
IRGN (n=15) 0
IgA nephropathy (n=5) 1 (20)
IC-MPGN (n=3) 0
IgA vasculitis (n=1) 0

Chronic kidney disease 16 (23.5)
CKD 2 4 (5.8)
CKD 3a 1 (1.5)
CKD 3b 3 (4.4)
CKD 4 0
ESKD 8 (11.7)
eGFR (ESKD) (n=8)a 12.5 (10.75,15)
Persistent proteinuria 8 (11.7)
Persistent hypertension 11 (16.2)
Etiology 16 (23.5)

Lupus nephritis (n=23) 7 (30.4)
C3 glomerulopathy (n=21) 6 (28.5)
IRGN (n=15) 0
IgA nephropathy (n=5) 1 (20)
IC-MPGN (n=3) 2 (67)
IgA vasculitis (n=1) 0

Value in no. (%) or amedian (IQR). of the 68 children, 6 died during fol-
low-up. eGFR:estimated glomerular filtration rate; CKD:chronic kidney
disease; ESKD: end stage renal disease; IC:MPGN: immune complex
membranoproliferative glomerulonephritis; IRGN: infection related
glomerulonephritis.

stage kidney disease (ESKD) was 7.3% at one-year follow-
up and 7.7 % at the last follow-up.

On univariate analysis, factors predicting kidney survival
were duration of symptoms prior to presentation >7 days
(P=0.001), percentage of crescents ≥37.5%, presence of
fibrous crescents (P=0.005) and segmental sclerosis
(P=0.014). On multivariate analysis, duration of symptoms
prior to presentation was found to be independently asso-
ciated with renal survival (Table III). The kidney survival of
the entire cohort was plotted as Kaplan-Meier survival

Table III Predictors of Kidney Survival  Among Children With
Rapidly Progressive Glomerulonephritis

Characteristics HR (95% CI) P value

Duration of symptoms >7da 6.50 (2.09, 20.22) 0.001
eGFR at admission - 0.308
 (< 60 mL/min/1.73 m2)
Requirement of KRT 2.46 (0.89-6.79) 0.092
Duration of KRT ≥14 d 2.59 (0.50-13.55) 0.259
Etiology

Lupus nephritis 1 -
C3  glomerulopathy 1.14 (0.34-3.84) 0.829
IRGN 0.32 (0.04-2.68) 0.291
IgA nephropathy 0.79 (0.09-6.53) 0.823
IC-MPGN 1.88 (0.39-9.07) 0.434

Time to resolution of oliguria ≥14 d 2.14 (0.13-34.77) 0.593
Crescents (≥37.5 %) 4.25 (1.57-11.49) 0.004
Fibrous crescents 4.22 (1.54-11.54) 0.005
Endocapillary hypercellularity 0.90 (0.25-3.16) 0.864
Segmental sclerosis 3.43 (1.28-9.18) 0.014
aon multivariate analysis; HR (95% CI) 5.02 (1.49-16.85); P=0.009.
eGFR:estimated glomerular filtration rate; KRT: kidney replacement
therapy; HR: Hazards ratio; IRGN: infection related glomerulo-
nephritis; IC-MPGN: Immune complex mediated membranoproli-
ferative glomerulonephritis.
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died at 2 years (progression to ESKD), 5 years (progression
to ESKD) and 6 years (Neisseria oblongata- infective
endocarditis) of initial presentation. Overall, by the time of
the last follow-up [median (IQR) 24.5 (12,48) months], out
of the 68 children, 39 (57.3%) achieved complete renal
recovery, 13 (19.1%) had partial renal recovery and 16
(23.5%) progressed to CKD stage 2 and beyond (Table II).
The median (IQR) kidney survival time in children who
progressed to CKD (n=16) in our cohort was 3.2 (3,5)
months. Kidney survival was 77.9 % at 1-year follow-up and
76.4 % at 8 years follow-up (Fig. 2). The prevalence of end
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analysis (Fig. 2). The effect of crescents and etiology of
RPGN on kidney survival time was also analyzed (Web Fig.
2). The duration of symptoms prior to presen-tation >7 days
(P=0.012), percentage of crescents ≥37.5% (P=0.002),
presence of fibrous crescents (P=0.014) and presence of
segmental sclerosis (P=0.003) were found to be higher
among deaths (n=6) than survivors (n=62).

DISCUSSION

This retrospective cohort study included 68 children with
RPGN. All the enrolled patients had immune-complex
glomerulonephritis, lupus nephritis being the single largest
group. Overall, by a median 24 month follow-up, 39 (57.3%)
achieved complete renal recovery, 13 (19.1%) had partial
renal recovery, and 16 (23.5%) progressed to CKD stage 2
and beyond.

The absence of pauci-immune disease in the cohort is a
unique feature. It remains to be seen whether similar findings
from our geographical region are replicated in other studies.
Previously published studies from India have reported IRGN
as the major etiological category [6-8]. However, a decade
later, Sinha, et al. [7] reported pauciimmune glomerulo-
nephritis as the major etiology in 52.7% of 36 cases,
suggesting either a shifting etiology or a referral bias. A
retrospective study from Saudi Arabia [13] identified lupus
nephritis as the commonest etiology (54.1%). IRGN,
especially due to Streptococcus,  remains the dominant form
of glomerulonephritis in developing countries. A recently
published study [2] on 305 patients with acute glomerulo-
nephritis and at least one crescent, showed IgA nephropathy
(23%), lupus (21%), and IgA vasculitis (19%) to be the
dominant causes. These differences could be potentially
attributed to ethnic or environmental factors.

Many previous authors have defined children with ≥50%
crescents as crescentic glomerulonephritis, while some
included patients with crescents ranging from as low as 20%
to  as high as 75% [5-9,13].  However, there are major diag-
nostic and clinical implications of the presence of even one
crescent on kidney biopsy [2], with only two previous
pediatric studies with above inclusion criteria [2,4]. A large
registry recently recruited patients with 3-100% (median
20%) crescents, and noticed adverse kidney outcomes even
with 1% increase in percentage of crescents. The prevalence
of  ESKD was 12% at one year and 16% at last follow-up [2].
The percentage of crescents was found to be inversely related

to eGFR at the last follow-up in our study, validating similar
results in a German cohort [4]. The utility of 10% and 25%
thresholds for cellular and fibrocellular crescents in children
has been demonstrated earlier in lupus nephritis [20,28]. We
found similar kidney survival rates at 1-year follow-up and at
the last follow-up. Majority of our patients progressing to
ESKD did so within the initial 12 months.

As expected, non-IRGN etiologies had higher rates of
progression to ESKD in our study, which is in consonance
with previous reports [1]. Our results were in agreement with
a recent report that showed a threshold of 43% crescents as a
predictor of adverse outcomes [2].  Diverse factors such as
duration of disease, etiology of crescentic glomerulo-
nephritis, presence of fibrous crescents, degree of tubular
atrophy/interstitial fibrosis and necrosis on kidney biopsy,
age, nephrotic syndrome, arterial hypertension, oliguria at
presentation, need for dialysis and relapses have been
reported earlier, to be related to outcome in crescentic
glomerulonephritis [2,4,7,8].

The study being retrospective in nature has its inherent
limitations. Since it is a study from a single tertiary care
centre, the results may not be generalizable to the community
level. Being a referral centre, we would have encountered a
greater proportion of lupus nephritis, IgA nephropathy and
C3 glomerulonephritis. We could not perform electron
microscopy for all the C3 glomerulopathy cases, which
would have helped to further classify them. Finally, the
threshold of 37.5% was chosen for our cohort based on the
maximum Youden index. However, the same may not have
external validity and needs to be assessed in future cohorts
from various ethnicities.

To summarize, this study showed lupus nephritis, C3G
and IRGN to be the predominant etiologies of RPGN. The
renal outcomes and survival in these patients were predicted
only by duration of symptoms prior to presentation.

Ethics approval: Approved by the Ethics Committee of the
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WHAT THIS STUDY ADDS?

• Lupus nephritis was the commonest etiology of rapidly progressive glomerulonephritis (RPGN).

• The kidney survival and outcomes were predicted by duration of symptoms prior to presentation in RPGN.
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Web Fig. 1 Box and whisker plot showing eGFR at admission and at the last follow-up in rapidly progressive glomerulonephritis (RPGN)
due to different etiologies.

Web Fig. 2. Kaplan-Meier survival curves for patients with rapidly progressive glomerulonephritis (RPGN) a) depicting the effect of
percentage of crescents e” 37.5% and <37.5%, and b) depicting the effect of different etiologies
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Objective: To determine the association between serum periostin levels and asthma control in
children.  Methods: Children aged 6-17 years with physician-diagnosed asthma were enrolled
in the study. Age-matched (±2 years) control children, who visited our outpatient department
with non-respiratory complaints, were also enrolled. Results: A total of 90 children (60 with
asthma and 30 control subjects) with a mean (SD) age of 12.1 (2.77) years were enrolled.
Children with asthma had significantly higher median (IQR) periostin levels than the controls
[23.5 (22,26) vs 22 (19.4, 22.96); P= 0.04]. On multivariable logistic regression analysis, serum
periostin levels were associated with poor asthma control in children [OR (95% CI), 1.12 (1.01-
1.24); P= 0.02]. Age, body mass index, IgE levels, eosinophil count, forced expiratory volume in
first minute (FEV1) and presence of allergic rhinitis did not have any association with asthma
control. Conclusions: Asthmatic children have a high serum periostin level, and its higher
levels are associated with poor asthma control.
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Asthma is a common chronic diseases in children,
and type 2 airway inflammation is the primary
feature of the disease. The emergence of
biomarkers associated with underlying airway

inflammation is an active research area in adults and children
[1,2].  Searching for novel molecules for asthma phenotype
found that periostin is a downstream molecule of interleukin-
4/13, signature cytokines of type 2 inflammation. It is an
extracellular matrix protein that belongs to the fasciculin
family and acts as a matricellular protein that activates the
cell by binding to its receptor on the cell surface. This critical
molecule links type-2 airway inflammation and remodeling
and, in the bronchial epithelial cells, is upregulated by type 2
cytokines IL-4 and IL-13 [3].

Despite the well-known interaction of periostin in
asthma pathophysiology, there is a lack of evidence
regarding the potential role of periostin levels in children for
better asthma control. The primary objective of the study was
to determine the association between serum periostin levels
and asthma control in children. The secondary objectives
were to determine the relationship between the blood
eosinophils counts, serum immunoglobulin (IgE) levels, and
pulmonary function test with the asthma control and the
comparison of serum periostin levels in asthma and control
groups.

METHODS

This cross-sectional study was conducted in the pediatric
chest clinic at a tertiary care institute from January, 2020 to
December, 2021. Ethical approval was taken from the
institutional ethics committee. We took a sample of
convenience of 90 children due to the available periostin kit
in the market, which could perform 90 tests.  We recruited 60
children with asthma and 30 unaffected children as controls.

Children aged 6-17 year diagnosed with asthma,
according to the Global Initiative of Asthma (GINA)
guideline [4], having completed at least 12 weeks of inhaled
corticosteroid (ICS) therapy, and in follow-up in the clinic
were enrolled in the study. We recruited eligible children
after obtaining written informed consent from a parent and
assent from children. Age-matched (±2 years) controls were
taken from the otherwise well children who had come for
minor complaints to the outpatient department. The children
in the control group had no history of wheezing or infection
during the last four weeks before the study enrolment.

Asthma control status in the study group was evaluated
as per the childhood asthma control test (C-ACT) in children
4-11 years of age [5], and the asthma control test (ACT) in
children 12 years and older [6]. Patients with an acute
exacerbation of asthma requiring systemic corticosteroids
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during the previous three months, and those with other
known systemic disorders were excluded. All the patients
underwent skin prick tests using common allergens.
Histamine and normal saline were used as positive and
negative controls, respectively. Wheal circumference greater
than 3 mm than the negative control was considered positive.
Children were weighed wearing minimal clothes and without
shoes. Subsequently, the BMI z scores of participants were
also calculated as per the Indian Academy of Pediatrics
growth chart [7].

An automated Beckman Coulter counter determined
blood eosinophil counts. The serum periostin was measured
in all enrolled children by Human POSTN/OSF-2 (Periostin)
ELISA Kit (Elbascience), and total IgE Elisa kit (Xema) was
used to determine serum IgE levels. The kits were
standardized as per the manufacturer’s instructions. Pulmo-
nary function tests were performed according to the
American Thoracic Society recommendations (ATS) /
European Respiratory Society (ERS) recommendations [8].

Statistical analysis: All statistical analyses were performed
by SPSS (22.0) (IBM SPSS Statistics for Windows, IBM
Corporation). Categorical variables were expressed as
frequencies. Normally distributed continuous data were
expressed as mean and standard deviation, and non-normally
distributed continuous  data as median and interquartile
ranges (IQR). The comparison of groups were carried out
using Students t test, Mann-Whitney U test, as appropriate
for the continuous, and the Chi-square test or Fisher test for
categorical variables. The correlation coefficients between
serum periostin level and other clinical variables were
determined using Spearman rank correlation coefficient.
Association of asthma control with different variables was

examined using multivariate regression models adjusted for
potential confounders. The odds ratio (OR) and 95% CI were
reported. A P value <0.05 was considered statistically
significant.

RESULTS

The mean (SD) age of the study participants was 12.1 (2.77)
years. There was no significant difference in age, gender, and
anthropometric parameters between the case and control
groups. However, Serum periostin, eosinophil %, absolute
eosinophil counts, total IgE levels, and aero-allergen
sensitization were significantly higher in asthma than in the
control group (Table I)

Most asthma patients were on step 3 of GINA asthma
treatment. Of the 60 enrolled asthma patients, 26 (43.3%)
had poor control based on the C-ACT/ACT scores. Serum
periostin was significantly higher in the uncontrolled asthma
patients as compared to control asthma patients (P=0.01)
(Fig. 1). No significant difference was found in age, gender,
allergic rhinitis, BMI, aeroallergen sensitization, eosinophils
count/percentage, and IgE levels between well-controlled
and uncontrolled asthma. We also found that patients, who
were from rural areas, had poor asthma control (Table II)

Multivariable logistic regression analysis showed that
serum periostin levels were associated with poor asthma
control in children [OR (95%CI) 1.10 (1.01-1.63); P=0.03].
However, place of residence [OR (95%CI) 0.31 (0.06-1.63);
P=0.17], and FEV1 [OR (95%CI) 0.97(0.94-1.00); P=0.08]
were not significantly associated with asthma control. No
correlation was found for serum periostin with age, BMI z
score, C-ACT/ACT, total IgE levels, eosinophils count, and
FEV1 (Web Table I).

Table I Baseline and Laboratory Characteristics of the Study
Groups (N=90)

Variables Asthma (n=60) Control (n=30)

Age (y) 11.8 (3.04) 12.6 (2.1)
Male sexa 46 (76.67) 24 (80)
Height (cm) -0.074 (1.17) -0.16 (1.15)
Weight (kg) -0.53 (1.10) -0.23 (1.12)
BMI  z score -0.63 (1.09) -0.17 )1.14)
Serum periostin (ng/mL)b,c 23.5 (22,26) 22 (19.40,22.96)
Eosinophilsb,c 6.75 (0.95,12.1) 1.25 (0.9,3.2)
Eosinophils (cells/mL)b,c 511.5 (75.9,765) 96.5 (35,179)
Total IgE (IU/mL)b,c 524 131.35

(292,1047.5) (23.8,315)
Aeroallergen sensitizationa,c 43 (71.67) 8 (26.67)

Values in mean (SD), ano. (%), or bmedian (IQR) BMI: body mass index.
cP<0.05.

Fig. 1 Comparison of serum periostin level according to asthma
control.

39



INDIAN  PEDIATRICS 824 VOLUME 60__OCTOBER 15, 2023

SERUM PERIOSTIN AND ASTHMA CONTROL

DISCUSSION

This cross-sectional study found an association between
serum periostin levels and poor asthma control in children.
We also observed that serum periostin levels were
significantly higher in children with asthma compared to age-
matched control.

The findings of previous studies have demonstrated an
association between serum periostin levels and asthma [9-
11]. Researchers have also shown a statistically significant
increase in serum periostin levels among uncontrolled
asthmatic patients than those with adequately controlled
asthma [12,13]. Park, et al. [14] found a statistically
significant decrease in serum periostin level and bronchial
wall thickness among patients with uncontrolled, asthma
after being adequately and appropriately controlled, than
their uncontrolled baseline states. On the other hand, Mena,
et al. [15] observed that children with severe uncontrolled
asthma had lower serum periostin levels as compared to
children with non-severe uncontrolled asthma. The possible
reasons, as cited by authors, may be that the level of serum
periostin depends on the inflammatory process in asthma and
this inflammatory mechanism is not a unique and isolated

characteristic of each type of asthma patient. Similar to our
findings, several childhood studies have demonstrated a
relationship between IgE levels, eosinophil count, and
asthma and found similar observations [12-14].

In this study, serum periostin did not correlate with age,
BMI, total IgE level, AEC, % eosinophil, allergic rhinitis,
and FEV1. The results of the correlation of serum periostin
with different variables are inconsistent in the literature. An
adult study [16] demonstrated that serum periostin was a
better marker for eosinophilic airway inflammation in
asthma, while a similar observation was not found in Indian
research on children [17]. The lack of correlation in the
present study might be due to the small sample size.

The current study recruited control children, in contrast
to previous Indian studies, and therefore, serum periostin
levels of healthy control children could be compared to those
of children with asthma. We used GINA asthma criteria for
the diagnosis of asthma in children and validated scores i.e.,
C-ACT/ACT, to evaluate asthma control.

Our sample size was small, and the study was under-
powered due to convenience sampling. Moreover, periostin
is a bone-derived protein secreted by osteoblasts. The fast
linear development in children may impact the suggestive
role of periostin in airway inflammation and asthma control.
The study design was cross-sectional, and a longitudinal
study would be better at exploring the effect of age.

In conclusion, we demonstrated high serum periostin
levels in asthmatic children, and elevated serum periostin
levels were associated with poor asthma control. It can be a
better instrument in search of a biomarker that reflects the
degree of inflammation in a chronic disease such as asthma.
However, further longitudinal studies are required to better
explain the function of periostin in the etiology of asthma and
its therapeutic relevance for physicians treating children with
asthma.
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Table II Clinical and Laboratory Parameters of Children
According to Asthma Control (N=60)

Variables Uncontrolled Controlled
 (n=26) (n=34)

Age (y)a 13 (11,14) 11 (9,14)
Male 19 (73)  27(79.4)
Rural residencec 23 (88.5) 22 (64.7)
Allergic rhinitis 23 (88.5) 28 (82.4)
BMI z score a -0.53 -0.42

(-1.23,0.01) (-1.5, 0.11)
Aeroallergen sensitization 17 (65.4) 26 (76.5)
Serum periostin (ng/mL)a,c 25.8 (23.2,33.5) 23 (21,24)
Eosinophils (%)a 9.1 (4.4, 14.3) 6.7 (3.8,10.6)
Eosinophils (per mL)a 739 (332, 1210) 511 (298,693)
Total IgE (IU/mL)a 560 (237,1047) 515 (333,996)
FEV1 (% predicted)a,c 80.5 (60.5,94) 93 (83,103)
C-ACT/ACT scoreb,c 16.0 (2.2) 23.4 (2.5)

Values in no. (%), amedian (IQR) or bmean (SD). BMI: body mass index,
FEV1: forced expiratory volume in 1 second; C-ACT: childhood asthma
control test. cP<0.05.

WHAT THIS STUDY ADDS?

• Elevated serum periostin level is associated with poor asthma control.
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Web Tabe I: Baseline and laboratory characteristics of the study groups (n=90) 

Variables Asthma (n=60) Control (n=30)  p-value 

Age, mean SD 11.8±3.04 12.6±2.1 0.23 

Male sex, n (%) 46 (76.67) 24 (80) 0.12 

Height (cm), mean SD -0.074±1.17 -0.16±1.15 0.79 

Weight (kg) , mean SD -0.53±1.10 -0.23±1.12 0.20 

BMI-  Z score, mean SD -0.63±1.09 -0.17±1.14 0.07 

Serum Periostin (ng/ml), median (IQR) 23.5 (22,26) 22 (19.40,22.96) 0.04* 

Eosinophils, median (IQR) 6.75 (0.95,12.1) 1.25 (0.9,3.2) <0.01* 

Eosinophils (/ml), median (IQR) 511.5 (75.9,765) 96.5 (35,179) <0.01* 

Total IgE (IU/ml), median (IQR) 524 (292,1047.5) 131.35 (23.8,315) <0.01* 

Aeroallergen sensitization n (%) 43 (71.67) 8 (26.67) <0.01* 

                 * Statistically significant 

 

 

Web Table II Correlation Between Serum Periostin Level and Clinical Variables in Children With Asthma (N=60) 

Variables Correlation coefficient  P value 

Age 0.068 0.06 

BMI Z-score 0.170 0.19 

Total IgE (IU/mL) -0.056 0.67 

Eosinophils (%) 0.092 0.48 

Eosinophils (/mL) 0.055 0.67 

FEV1 -0.182 0.18 

Allergic rhinitis -0.105 0.42 
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Objectives: To compare the values of N-Terminal Pro–Brain Natriuretic Peptide (NT-proBNP)
in acute phase of Kawasaki disease (KD), sepsis and other acute febrile illnesses.  Methods:
We conducted a cross-sectional study on 40 KD patients and 40 age- and sex-matched
controls with sepsis and other febrile illnesses between January, 2019 and June, 2020.
Complete blood count, C-reactive protein (CRP), liver and renal function tests, serum
electrolytes, chest X-ray, NT-proBNP level, Bactec blood culture, urine microscopy and culture
along with detailed physical examination was done for all cases and control. Results: Mean
(SD) values of NT-proBNP levels in acute KD was higher than sepsis/other febrile illnesses
(914.9 vs 219 pg/mL; P=0.001). Also, the number of KD patients whose NT-proBNP was
elevated were significantly higher compared to controls (70% vs 32.5%; P<0.001).
Conclusions: NT-proBNP may be useful as a biomarker in the diagnosis of acute phase KD.
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Kawasaki disease (KD) is an acute self-limiting
vasculitis predominantly affecting medium
sized arteries. In the absence of specific
diagnostic tests, its diagnosis is based mainly on

clinical criteria [1,2]. Due to overlapping clinical features,
differentiation from sepsis and other inflammatory fevers of
childhood becomes difficult. Thus we need to investigate for
new markers which might help us to diagnose KD with
certainty.

Brain-type natriuretic peptide (BNP) was first described
in 1988 after isolation from porcine brain. Later it was found
to originate mainly from the heart, representing a cardiac
hormone [3]. NT-proBNP level rises in children with acute
KD, but the mechanism is not clear [4,5]. Sepsis is a dreaded
complication of severe trauma, extensive burns, shock, and
other severe infections that result in multi-organ dysfunction.
Affection of the cardiovascular system in sepsis leads to
increased plasma NT-proBNP levels [6,7].

This study was undertaken to compare NT-proBNP
levels in KD, sepsis and other febrile conditions to evaluate
its utility, if any, as a biomarker in acute KD [8].

METHODS

This was a hospital-based cross-sectional observational
study conducted at a tertiary referral hospital in eastern India.

Children admitted between January, 2019 and April, 2020,
with KD, sepsis and other febrile illnesses were included.
Since the average number of KD admissions at the institute
ranged between 35 to 40 in a year since 2015, and the study
was over 16 months, we decided to enroll 40 KD patients
presenting during the study period as the ‘case’ group. KD
was diagnosed based on 2017 AHA (American Heart
Association) criteria. The ‘control’ group comprised of
another 40 children with sepsis or other febrile illnesses.
Patients with structural heart disease, cardiomyopathy, renal
failure, and those receiving chemotherapy/immuno-
suppressive therapy were excluded.

All patients had a complete blood count, C-reactive
protein (CRP), liver and renal function tests, serum electro-
lytes, chest X-ray, NT-proBNP level, Bactec blood culture,
urine microscopy and culture along with detailed physical
examination. KD patients as well as those with suspected
cardiac dysfunction had ECG and echocardiography. Blood
samples were collected at admission before administering
specific therapy. NTproBNP levels were measured by Cobas
e411 (Roche Diagnostics) using electro-chemiluminiscence
immunoassay.

Institutional Ethics Committee clearance was taken prior
to conducting the study. Since this was a pre-COVID study,
patients with multi system inflammatory syndrome (MIS-C)
were not included.
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Statistical analysis: Data were entered into a Microsoft Excel
spread sheet and then analyzed by SPSS 27.0 (SPSS Inc.)
and Graph Pad Prism version 5.  We used two-sample t test
for difference in mean, and Chi-square test for difference in
categorical variables. Correlation was calculated by Pearson
correlation analysis. P value <0.05 was considered as
statistically significant.

RESULTS

The median (range) age of 40 children with KD (21 boys)
was 19 (3-108) months, and for the control group (24 boys),
it was 44 (3-204) months.  The mean (SD) duration of fever
in KD was 7.8 (2.47) days, and 9.7 (2.36) days for the control
group.

The control group comprised of 13 children with culture
proven sepsis, 4 with pneumonia, 5 with enteric fever, 3 with
systemic juvenile idiopathic arthritis, 2 with systemic lupus
erythematosus, 3 with malaria, 4 with dengue, and the rest of
the children had viral respiratory tract infections. Of the KD
patients, 13 (32.5%) had coronary artery aneurysms at
diagnosis, and 8 (20%) were intravenous immunoglobulin
IVIG) resistant.

 Twenty eight (70.0%) patients in KD group had high
NT-proBNP levels. In control group, 13 (32.5%) had high
NT-proBNP and 27 (67.5%) had normal levels. Association
of frequencies of patients having NT-proBNP level above
and below cutoff value between KD and control group was
statistically significant (P<0.001).

In KD, the mean (SD) NT-proBNP level was 914.91 pg/
mL, whereas amongst controls the level was 219.03 pg/mL
(P=0.001). NT-proBNP levels were found it to be signi-
ficantly positively correlated with platelet count and
negatively correlated with leukocyte count, serum potassium
and albumin levels (Table I). However, NT-proBNP levels
with respect to echocardiographic findings/ IVIG resistance
in the KD patients was not analyzed.

DISCUSSION

Diagnosis of KD depends on the recognition of a sequence of
characteristic clinical findings. All clinical features may not
be present at same time, and in the absence of a sensitive and
specific pathognomonic laboratory test, diagnosis maybe
difficult. Hence differentiation from sepsis and other auto-
immune/inflammatory fevers of childhood becomes difficult
[1]. The difficulty is more with incomplete and atypical
presentations, consequently leading to a delayed diagnosis
and increased risk of coronary artery involvement.

Several studies have explored the use of potential bio-
markers to aid in the diagnosis of KD, NT-proBNP being one
of the markers. Studies have shown the utility of this bio-
marker in diagnosis of infantile and incomplete forms of KD

[10,11], and also in predicting IVIg resistance and coronary
artery lesions [12,13].

BNP is synthesized as a pro-hormone (proBNP) by the
myocardium. Myocardial ischemia, cytokines and endo-
crine (paracrine) modulation by other neurohormones are
important stimulus for release of these molecules. Natriuresis
or diuresis, peripheral vasodilatation, inhibition of the renin-
angiotensin-aldosterone system and the sympathetic nervous
system are the main physiological effects of BNP. NT-
proBNP is mainly cleared from body by renal excretion, and
the  half-life is 120 minutes.

Sepsis being a severe complication of many critical
situations, early evaluation of its severity and initiation of
proper treatment is important to reduce mortality. Pro-
calcitonin, C-reactive protein, and activated protein C, are
the known predictors. Recently NT-proBNP has been
included in the list;  increased levels being used as a marker
of cardiac insufficiency secondary to sepsis and a poor
prognostic indicator.

Based on the IAP (Indian Academy of Pediatrics)
Position Paper on KD, we considered values of NT-proBNP
above 225 pg/mL as significant [8]. As already mentioned,
the number of patients with KD who had NT-proBNP levels
above cutoff value was significantly more than the number in
control group. This was consistent with the results of
previous studies [14,15]. It was also shown that even patients
with incomplete KD had higher NT-proBNP levels than
febrile control group (84% vs 4%; P<0.001).

There are some limitations to our study. It was a cross-
sectional, single centre study, and the sample size was small.
Study subjects were enrolled from the inpatient department
of a tertiary hospital, thereby raising the possibility of a

Table I  Correlation Between NT-proBNP Level and Other
Laboratory Parameters in Children With Kawasaki Disease
(N=40)

Parameters Correlation P value
coefficient

Hemoglobin 0.066 0.688
Total leukocyte count 0.315 0.048
Platelet count 0.469 0.002
Erytherocyte sedimentation rate 0.075 0.646
C-reactive protein 0.233 0.148
Serum sodium 0.110 0.500
Serum potasium 0.370 0.019
Blood urea 0.087 0.595
Serum creatinine 0.077 0.637
Serum albumin 0.660 <0.001
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referral bias. We did not analyze NT-proBNP values with
respect to coronary artery dimensions. Future studies with a
larger sample size and longitudinal design should be able to
contribute more in the diagnostic importance of NT-proBNP
in KD and generate cutoff values to distinguish KD and other
fevers.

To ease diagnosis of KD and for timely initiation of
immunoglobulin therapy, there is need for an early diagnostic
test. Like previous studies from Northern India that explored
the role of NT-proBNP in KD [14], we too state that NT-
proBNP measurement may play a significant role in the
diagnostic algorithm of suspected KD, even in patients with
incomplete presentations.
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Objectives: To study the association of fetal growth restriction (FGR) with metabolic bone
disease in preterm neonates. Methodology: This prospective cohort study included 94
preterm neonates with FGR as cases and an equal number of gestation-matched appropriate
for gestational age (AGA) neonates without FGR as controls. The incidence of metabolic
bone disease, and serum biochemical markers at various time intervals till 6 months
corrected age were compared. The risk factors for metabolic bone disease and its
association with stunting at 6 months of corrected age were studied. Results: The incidence
of metabolic bone disease, though higher in the FGR neonates (15.5%), was not significantly
different from AGA neonates (6.7%) [RR (95%CI) 0.92-5.82; P=0.06]. Birth weight [aOR
(95%CI) 0.8 (0.64-0.98); P=0.03] and time to reach full feeds [aOR (95%CI) 1.17 (1.01-1.36);
P=0.03] were significantly associated with an increased risk of metabolic bone disease after
adjusting for FGR status. Mean (SD) levels of calcium, phosphorus, alkaline phosphatase,
parathormone (PTH), and vitamin D were similar in both groups. No significant association
existed between metabolic bone disease and stunting at 6 months of corrected age [RR
(95%CI) 2 (0.75-5.4); P=0.16]. Conclusion: FGR was not found to be significantly
associated with metabolic bone disease in preterm neonates.
Keywords:  Time to full feeds, Stunting, Vitamin D.
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Fetal growth restriction is regarded as a risk factor
for metabolic bone disease of prematurity [1].
Metabolic bone disease is believed to be more
common in newborns with fetal growth restriction

(FGR) due to chronic damage to the placenta interfering with
substrate transport [2]. However, studies evaluating the role
of FGR in bone health have presented conflicting results
[3,4]. The effect of co-existing FGR and prematurity in the
causation of metabolic bone disease has not been studied
extensively. We, therefore, attempted to evaluate the role of
fetal growth restriction in the causation of metabolic bone
disease in preterm infants.

METHODS

This prospective cohort study was conducted in the neonatal
intensive care unit (NICU) of our tertiary care medical
college hospital between January, 2019 and December,
2020, after obtaining institutional ethics committee

clearance. As we intended to study the effect of FGR on
metabolic bone disease, all preterm neonates (<37
completed weeks) with an antenatal diagnosis of FGR were
included as ‘exposed.’ Gestational age was assigned by first-
trimester ultrasono-graphy (USG) in the absence of which,
the last menstrual period confirmed by the New Ballard
score was taken [5]. FGR was diagnosed based on antenatal
ultrasonography as estimated fetal weight (EFW) <3rd
centile or EFW<10th centile with any one of the following –
CPR (cerebro-placental ratio) <p5, UA (umbilical artery)
pulsatility index (PI) >p95, MCA (middle cerebral artery)
PI<p5, UtA (uterine artery) PI >p95 on at least one occasion.
[6] The ‘non-exposed’ group included gestation-matched
preterm neonates (<37 completed weeks) with EFW >10th
centile and birth weight between 10th and 90th centile
appropriate for gestational age (AGA) on the revised Fenton
chart [7]. Neonates with major congenital anomalies,
chromosomal abnormalities, and renal disorders were
excluded. Sampling was consecutive.
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Informed written consent was obtained from the parents.
Feeding of neonates was done as per the unit protocol (Table
I). Injection 10% calcium gluconate at 8 mL/kg/day (72 mg/
kg/day) was given to neonates on total parenteral nutrition
(TPN). Injection potassium phosphate at 0.5 mL/kg/day
(provides 46 mg/kg phosphate) was given to neonates on
prolonged TPN and with hypophosphatemia. Human milk
fortifier (Lactodex-HMF; Raptakos, Brett & Co Ltd), 1 g to
25 mL breastmilk was added once feed volume exceeded
100 mL/kg/day to all neonates with birth weight <1800 g.
Prior to discharge, HMF was stopped, and syrup calcium
phosphate was prescribed at a dose of 4-5 mL/kg/day
(Calcium 125 mg, Phosphorus 55 mg, and Vitamin D 200 IU
per 5 mL), which was continued till 40 weeks of corrected
gestation. If metabolic bone disease was diagnosed, a serial
increment in the dose of the calcium phosphate syrup or
separate administration of syrup calcium carbonate and oral
phosphate was done. Vitamin D was supplemented as a syrup
(400 IU/mL) at a total dose of 800-1000 IU/day till term age
and continued at a dose of 400 IU/day till 1 year.

Metabolic bone disease was diagnosed when serum
alkaline phosphatase (ALP) was >500 IU/L with phosphate
<4.5 mg/dL [8]. Screening began at 3-4 weeks of age for all
preterm neonates, except for those who had received TPN,
bone active medications, or developed cholestasis, in whom
screening began at 2 weeks of life. The screening was
stopped once ALP was <800 IU/L and phosphate >5 mg/dL

on two occasions, 2 months apart. Serum vitamin D levels
were checked at 40 weeks corrected age (CA) using
AdviaCentaur XP Chemiluminescent Immunoassay system
(Siemens).

Neonates were followed-up at 40 weeks, 3 months and 6
months of corrected age. Growth monitoring was performed
using modified Fenton chart [7] until 40 weeks of corrected
age and then on the World Health Organization (WHO) child
growth standards [9].

The incidence of metabolic bone disease and levels of
serum biochemical markers (serum calcium, phosphorus,
ALP, parathormone (PTH) were compared between the two
groups at diagnosis and resolution of MBD and that of 25-
hydroxy vitamin D (25(OH) D) at term age. Risk factors for
MBD and its association with stunting at 6 months corrected
age were studied.

Ramon, et al. [10] reported 15% incidence of osteopenia
among preterm neonates less than 1500g or less than 32
weeks. They found osteopenia in 43.3% of FGR and 7.3% of
AGA subjects. We made a conservative assumption that 10%
of all preterm AGA neonates and 30% of all preterm FGRs
develop metabolic bone disease. For a power of 80% at a 5%
level of significance and a 1:1 ratio of exposed to non-
exposed, the sample size was calculated to be 72 in each
group. Assuming around 20% loss to follow-up, a final
sample size of 94 per group was decided.

Table I    Feeding Protocol Used for Preterm Infants Enrolled in the Study

Gestational age 34 to 36 weeks 32 to 33 6/7 weeks 28 to 31 6/7 weeks < 28 weeks

Feeds on Day 1 Breastfeeds 60 mL/kg/day palladai 30 mL/kg/day 0-15 mL/kg/day
Switch to palladai feeds feeds OG/NG feeds Start TPN
if breastfeeding is not OG/NG feeds if  poor Start IV fluids
satisfactory suck-swallow coordi-

nation
Feed increment Breastfeeds ad lib 30-40 mL/kg/day 30 mL/kg/day 10-15 mL/kg/day x 3

Start non-nutritive days, then 20 mL/kg/
sucking day

Maximum feeds Increase to 180 ml/kg/day; 200-220 ml/kg/day if SGA, since calculations are
based on weight; > 220 ml/kg/day: discuss with SR

Feeding interval 3 hours or ad lib 3 hours 3 hours 2 hours
AEDF/REDF on Breast milk 30 mL/kg/ Start IV fluids Start TPN Start TPN
antenatal Doppler or day or higher (consider Breast milk 20 ml/kg/ Breast milk 10mL/kg/ Breast milk 10mL/kg/
severe SGA (birth weight full feeds on case-by- day once stable day once stable day once stable
<3rd centile) case basis)

Increase by 30-40 mL/ Increase by 30 mL/kg/ Increase by 30 mL/kg/ Increase by 20 mL/
kg/day after 24 hours day after 24 hours day after 48 hours kg/ day after 48
Breastfeeds ad lib in hours. Increase by 30
some cases (discuss mL/kg/day once>60
with consultant) mL/kg/day of feeds

are tolerated.

AEDF/REDF: absent/reduced end diastolic blood flow, SGA: small for gestational age, TPN: total parenteral nutrition.
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Statistical analysis: Univariate analysis was performed to
find an association between various risk factors using Mann
Whitney U test and Student t test for continuous variables
and Pearson Chi-square or Fisher exact tests for categorical
ones. Multivariate binary logistic regression was performed
for adjusted analysis. Data were evaluated using SPSS
version 20.0. All statistical analyses were carried out at 5%
level of significance.

RESULTS

A total of 206 newborns were assessed for eligibility, of
which 188 were recruited, 94 each of preterm FGR [mean
(SD) birthweight 1282 (280) grams] and preterm AGA
[mean (SD) birthweight 1887 (393) grams]. Seventy nine
FGR and 85 AGA preterm infants were followed-up for at
corrected age of 6 months (Fig. 1). The mean (SD)
gestational age, was 32.9 (1.8) weeks; there were no extreme
preterm neonates with FGR (Table II). The incidence of
metabolic bone disease in the entire cohort and among very
low birth weight (VLBW) neonates was 10.9% (19 out of
174) and 18.5% (15 out of 81), respectively. The mean
gestational age of infants with and without metabolic bone
disease was 31.2 (1.9) and 33.1 (1.6) weeks, respectively.
FGR neonates showed a trend towards an increased
incidence of MBD [15.5% vs 6.7%; RR (95% CI) 2.32
(0.92-5.82); P= 0.06].  Lower birth weight, total parenteral
nutrition (TPN) >1 week, sepsis, hemodynamically signi-
ficant patent ductus arteriosus (hs-PDA), longer time to

Table II  Baseline Characteristics, Mortality and Short-term
Morbidity in the Study Groups

Characteristics FGR neonates AGA neonates
(n=94) (n=94)

Gestational age (wk)
28-31 21 (22.3) 21 (22.3)
32-33 35 (37.2) 35 (37.2)
34-36 38 (40.4) 38 (40.4)

Birth weight (g)
<1000g 15 (15.9) 1 (1.06)
1000-1499 54 (57.4) 11 (11.7)
1500-2499 25 (26.6) 74 (78.7)
≥2500 0 8 (8.5)

Male babies 59 (62.8) 49 (52.1)
Delivered by LSCS 55 (58.5) 40 (42.6)
5 min APGARa,b 9 (8,9) 9 (8,9)
Metabolic bone diseaseb 13 (15.5) 6 (6.7)
Time to reach full feeds a,b,c 3 (3,5) 3 (2,4)
Required TPN > 1 wk c 11 (11.7) 1 (1.1)
Received surfactant 11(11.7) 11(11.7)
Sepsis 15 (16) 9 (9.6)
Bronchopulmonary dysplasia 3 (3.2) 1 (1.1)
Hospital stay (d) a,c 17 (8,31) 11 (7,17.25)
Mortality 10 (10.6) 4 (4.3)

Values in no. (%) or amedian (IQR). b11 neonates died (8 in FGR and 3
in Non-FGR) before reaching full feeds. cP<0.05. TPN: total parenteral
nutrition, LSCS: lower segment cesarean section; FGR:fetal growth
restriction; AGA: appropriate for gestational age.

Assessed for eligibility
(n=206)

Excluded (n =18)
7- Declined consent
11-Not willing for
follow-up

→

Included in the study

FGR group
(n=94)

AGA group
(n=94)

↓ ↓

Died before
discharge

↓ ↓
n=10 n=4

 Lost to
follow-up

↓ ↓
n=5 n=5

Assessed at 6 mo
corrected age

↓ ↓
n=79 n=85

Fig. 1 Study flow chart.

reach full feeds, and exposure to any bone-active medication
were significantly associated with metabolic bone disease
(Table III). After adjusting for FGR status, binary logistic
regression analysis showed that birth weight [aRR (95%CI)
0.8 (0.64-0.98); P=0.03] and time to reach full feeds [aRR
(95%CI) 1.17 (1.01-1.36); P=0.03] were significantly
associated with an increased risk of MBD. The odds of
developing metabolic bone disease decreased with every
100 g increase in birth weight [OR (95% CI) 0.8 (0.64-0.98);
P=0.038]. On adjusted analysis, every one-day delay in
reaching full enteral feeds had a 1.17 times higher odds of
developing MBD [OR (95% CI) 1.17 (1.01-1.36);
P=0.032].

The mean levels of calcium, phosphorus, ALP and PTH
were similar between the two groups. The etiology of meta-
bolic bone disease in all neonates was inadequate phosphate
supplementation, confirmed by low/normal PTH levels in all
cases (Table IV). Stunting was seen in 6 (31.6%) and 4
(2.6%) in those with and without MBD, respectively. No
significant association existed between MBD and stunting at
6 months corrected age [RR (95% CI) 2 (0.75-5.4); P=0.16].
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DISCUSSION

We demonstrated the incidence of MBD to be higher in FGR
(15.5%) than in AGA neonates (6.7%); however, the
difference was not statistically significant. This is likely due
to the lower than expected incidence of the outcome.
Mazarico, et al. [4] found bone mineral content (BMC) to be
similar between AGA and FGR groups in the initial 12

months of life. Contrary to our findings, authors have
reported decreased BMC in SGA infants compared to
gestation-matched AGA neonates [3,11]. However, in the
aforementioned studies, the authors have compared AGA vs
SGA and not true FGR neonates, with SGA being defined
based on birth weight alone. The overall lower incidence of
metabolic bone disease in our study was due to the inclusion
of preterm neonates of all gestational ages. Moreover, we
have used a low phosphate cutoff (<4.5mg/dL) compared to
other studies; with a higher cutoff, more infants would be
labelled as suffering from metabolic bone disease.

Studies have reported a correlation between lower birth
weight and BMC [12,13], which is consistent with the
findings in our study. We also found sepsis to be significantly
associated with MBD. The effect of sepsis on MBD is
disputed, with conflicting conclusions from studies [14,15].
It is also difficult to comment if the hs-PDA or the accom-
panying NSAID was responsible for the association [16]. In
our study, exposure to none of the three bone-active
medications showed a significant association on adjusted
analysis. Conventionally, TPN duration of 2-3 weeks or more
has been said to be a risk factor for metabolic bone disease;
however, from our results it does seem that even a week of
TPN can lead to a higher risk. Longer time to reach full enteral
feeds was significantly associated with MBD evidently due to
the delay in initiating phosphate supplementation.

The role of vitamin D in MBD is controversial, and
studies have shown calcium and phosphate absorption in
preterm neonates occur independent of vitamin D intake,
unlike in children and adults [17]. We found no significant
association of MBD with stunting at 6 months of corrected
age. Though prematurity and FGR are associated with
stunting, the role of MBD in causing the same is unclear [18].

The major limitation of our study was that the incidence
of MBD was lower than expected, as most of the neonates
were beyond 32 weeks gestation.  The sample size was not
sufficient to include several risk factors in the multivariate
analysis. Though a combination of biochemical parameters
(serum calcium, phosphorus, ALP, PTH) was used to
diagnose metabolic bone disease, DEXA, the gold standard
test, could not be done.

In conclusion, FGR appears to be insignificantly
associated with metabolic bone disease in preterm neonates.
Birth weight and feeding practices might determine its
incidence.
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Ethics clearance: Institutional Ethics Committee, JIPMER; No.
JIP/IEC/2018/399 dated Dec 26, 2018.
Contributors: All authors contributed to the study design,

Table III Risk Factors Associated With Metabolic Bone
Disease
Characteristics MBD No MBD RR

n=19 n=155 (95% CI)
Birth weight (g)a 1156 1660 0.66

 (304) (428) (0.55-0.80)
Time to full feeds (d)b,d 7 3 1.34

(3,14) (2,3) (1.19-1.53)
Medicationsc, f 13 29 9.4

(68.4) (18.7) (3.3-26.85)
TPN >1 wk 8 (42) 4 (2.5) 9.81

(4.89-19.7)
Sepsisg 9 (47.3) 10 (6.4) 7.34

 (3.41-15.76)
Hs-PDA 6 (31.5) 4 (2.6) 7.56

(3.66-15.65)
BPDh 2 (10.5) 2 (1.3) 5 (1.7-14.7)
Serum vitamin D3 6.3 (27.56, 47.5 (27.81,  -
(ng/mL)b,f,h 56.61) 71.52)
Values in no. (%), amean (SD) or bmedian (IQR). ccaffeine, steroids,
diuretics. MBD: metabolic bone disease; TPN: total parenteral nutri-
tion; Hs-PDA: hemodynamically significant patent ductus arteriosus;
BPD: bronchopulmonary dysplasia.  d100 mL/kg, eExposure to any bone
active medications, flevel at term age, geither screen or culture positive.
All P<0.001 except hP>0.05.

Table  IV  Biochemical Parameters in Appropriate for Gesta-
tional Age (AGA ) and Fetal Growth Restriction (FGR) Infants

Characteristics FGR (n=13) AGA (n=6) P value

Postnatal age (wk) 7.0 (3.4) 5.3 (2.2) 0.27
Calcium (mg/dL) 9.7 (0.7) 9.7 (0.7) 0.88
Phosphorus (mg/dL) 3.6 (0.8) 4.0 (0.4) 0.40
ALP levels (IU/L) 830 (308) 697 (161) 0.33
PTH value (pg/mL)a 2.4 (0.95,4.5) 3.1 (1.6,4.4) 0.59
At resolution of MBD
Postnatal age (wk) 13.6 (5.3) 13.2 (5.4) 0.88
Calcium (mg/dL) 10.0 (0.5) 10.1 (0.4) 0.77
Phosphorus (mg/dL) 6.0 (0.5) 5.8 (0.8) 0.59
ALP levels (IU/L) 503 (161) 436 (70) 0.34
Vitamin D levelb 39.8 (18.5) 47.6 (27.8) 0.47
All values in mean (SD) or amedian (IQR). bAt term corrected age. ALP:
alkaline phosphatase, PTH: parathyroid hormone.
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WHAT THIS STUDY ADDS?

• The incidence of metabolic bone disease was not significantly different between appropriate for gestational age
neonates and those with fetal growth restriction.

• Birth weight and time to reach full feeds were significant determinants of metabolic bone disease.
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Objectives: To determine the prevalence of impaired growth parameters (height and BMI z
scores) among adolescents aged 10-19 years, with onset of idiopathic nephrotic syndrome
between the age of 1 and 6 years. Methods: A cross-sectional study was conducted among
adolescents aged 10-19 years with onset of idiopathic nephrotic syndrome between the age of
1-6 years, and under regular follow-up at our center. The data were retrieved for a 10-year
period (2012-2022). The current weight, height and body mass index (BMI) were recorded and
interpreted as per world Health Organization (WHO) growth standards. Results: 116
adolescents [60 Frequently relapsing nephrotic syndrome (FRNS)/Steroid dependent nephrotic
syndrome (SDNS), and 56 Steroid resistant nephrotic syndrome (SRNS)] patients were
enrolled with median (IQR) age of 133 (120,168) months and age at disease onset of 48 (26,68)
months. The proportion of children with overweight (BMI for age >1z  and cushingoid features),
obesity (BMI for age >2z), stunting (height for age (HFA) <2z), and severe stunting (HFA <3z)
were 29 (25%), 3 (2.6%), 31 (26.7%), and 7 (6%), respectively. The median (IQR) cumulative
steroid dose for FRNS/SDNS and SRNS group was 19986.96 (14597.1, 26181.96) mg/m2 and
14385 (10758.82, 21355.95) mg/m2, respectively (P=0.003). Conclusions: The proportion of
short stature and overweight was high among adolescents with nephrotic syndrome,
emphasizing the need for measures to reduce steroid use and other measures to support
growth.
Keywords: Obesity, Overweight, Stunting, Outcome.

Correspondence to:
Dr Bobbity Deepthi,
Assistant Professor,
Department of Pediatrics,
Jawaharlal Institute of Postgraduate
Medical Education and Research
(JIPMER), Puducherry 605006.
deepu.reddy222@gmail.com
Received: Feb 28, 2023;
 Initial review: Mar 26, 2023;
 Accepted: Jun 28, 2023.

Published online: July 20, 2023; PII:S097475591600562

Nephrotic syndrome, with onset at 2-6 years of
age during the crucial years of childhood steady
growth, poses significant challenges to mainte-
nance of growth. Frequently relapsing nephrotic

syndrome (FRNS) and steroid dependent nephrotic synd-
rome (SDNS) children with a relapsing and remitting course
receive multiple courses of steroids for frequent relapses, and
often develop adverse effects of steroids including growth
retardation and obesity [1-7].

Previous studies have demonstrated prohibitive effects
of prolonged and repeated courses of steroids on growth
parameters like height, weight, and body mass index (BMI) z
scores [2-5,8,9], while a few cohort studies have showed the
preserved linear growth and weight in nephrotic children
during the periods of remission and when initiated on early
steroid-sparing immunosuppressive agents [9-13]. Most of
these studies are from other countries and are limited by a
small sample size and heterogenous population [3-5,12,13].
Hence, the current study was planned to determine the
prevalence of impaired growth parameters (height and BMI z
scores) in adolescents with idiopathic nephrotic syndrome.
The secondary objective was to determine the association

between cumulative steroid dose and impaired linear growth
(short stature).

METHODS

The cross-sectional study enrolled adolescents aged 10-19
years with onset of idiopathic nephrotic syndrome between
the age of 1-6 years, and under follow-up at the pediatric
nephrology services of our institute over a 10-year period
(2012-2022). The study was approved by the institute ethics
committee and informed consent was obtained from the
parents and assent from participants prior to enrolment. All
adolescents aged 10-19 years with onset of nephrotic
syndrome between 1-6 years were screened for eligibility
during the study period (August to October, 2022) [14,15].
Adolescents with secondary nephrotic syndrome e.g., IgA
nephropathy, lupus nephritis, C3 glomerulonephritis, and
those with co-existing chronic diseases that can substantially
affect the growth (like eGFR <60 mL/min/1.73m2, diabetes
mellitus, hypothyroidism) were excluded. Data regarding the
age at diagnosis, number of relapses, alternate steroid-
sparing agents, cumulative steroid dose, and steroid related
adverse effects was recorded in a pre-designed proforma.
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Sample size was calculated as 114 with an assumption
that 25% children may have impaired linear growth [7] with
8% degree of variability, alpha error 0.05 and standard
normal deviate 1.96. A consecutive sample size of 116 was
chosen after accounting for attrition.

The current height, weight and BMI were recorded as per
standard methods [14]. DS-215 electronic weighing scale
(Essae-Teraoka Ltd.) was used for weight measurement and
stainless steel stadiometer (Easycare) for height measure-
ment. Standard definitions were used for defining and
classifying FRNS, SDNS and steroid resistant nephrotic
syndrome (SRNS) [1]. The growth standards and definitions
for obesity, overweight, stunted, severely stunted were as per
the WHO growth charts for adolescents [14,15]. Significant
steroid toxicity was defined as hyperglycemia (Fasting blood
glucose ≥100 mg/dL, post-prandial glucose ≥140 mg/dL or
HbA1c >5.7%, obesity (BMI >2z score), HFA <2z score,
glaucoma, cataracts, steroid myopathy, osteonecrosis, or
psychosis [1].

Statistical analysis: The analysis was carried out using IBM
SPSS v19.0 software. All the categorical variables were
summarized using frequency or percentage and the conti-
nuous variables using mean with standard deviation or
median with interquartile range. The normality of the data
was assessed using Kolmogorov-Smirnov test.  Association

of categorical variables were carried out using Chi-square
test. Continuous variables with normal distribution (weight,
height, BMI z scores) were compared using independent
Student t test and Mann-Whitney U test was used for non-
normal distribution (age, cumulative steroid dose etc.).
Receiver operating characteristic (ROC) curve were plotted
to assess the diagnostic accuracy of cumulative dose for short
stature. A P value <0.05 was considered statistically
significant.

RESULTS

We assessed 218 adolescent for eligibility, of which 102
were excluded (66 had secondary nephrotic syndrome, 3
progressed to End stage kidney disease (ESKD), 33 had
onset of disease >6 years). Finally, 116 adolescents (77
males) were enrolled for the study

The study group comprised of 39 (33.6%) children with
frequently relapsing nephrotic syndrome, 21 (18.1%) with
steroid dependent nephrotic syndrome, and 56 (48%) steroid
resistant nephrotic syndrome. Majority (112) children in the
group received one or more steroid sparing agent along with
steroids (Table I), while 4 were on long term alternate day
steroids. The proportion of children who were overweight
(BMI for age z score >1 and cushingoid features), obese
stunted (HFA z score <2), and severe stunted (HFA <3z) were

Table I Baseline Characteristics of Adolescents With
Idiopathic Nephrotic Syndrome (N=116)

Parameters Value

Age at recruitment (mo) 133 (120,168)
Age at disease onset (mo) 48 (26,68)
Cumulative dose of steroid (mg/m²) 19353.6
(n=109) (13447.84, 23797.2)
Duration of follow-up (mo) 96.27 (28.93)
Duration of steroid therapy (wk) (n=109) 99 (70, 111)
Relapses before initiation of immunosuppressants 4 (3,4)
Steroid-sparing agents
FRNS/SDNS, n=60a

Levamisole 48 (80)
Mycophenolate mofetil 33 (65)
Oral cyclophosphamide 28 (46)
Cyclosporine 9 (15)
Tacrolimus 1 (0.9)

Steroid resistant nephrotic syndrome, n=56a

Cyclosporine 37 (66)
Tacrolimus 19 (33.9)
Intravenous pulse cyclophosphamide 26 (46.4)
Rituximab 3 (2.6)

Values are median (IQR) or ano. (%). FRNS: frequently relapsing
nephrotic syndrome; SDNS: steroid dependent nephrotic syndrome.

Table II Growth Parameters in Adolescents with Idiopathic
Nephrotic Syndrome (N=116)

Parameters Value

Weight (kg) 33.8 (28.12, 47)
Weight z scorea,c -0.80 (1.24)
Normal weight (-2z  to +2z  score)b 93 (80.2)
Underweight (-2z  to -3z  score)b 21 (18.1)
Severely underweight (<-3z score)b 02 (1.7)
Height (cm) 138 (131.25, 149.5)
Height z score a -1.35(1.25)
Normal height ( -2z  to +2 z score)b 78 (67.2)
Stunted (<-2z  to -3z score)b 31 (26.7)
Severely stunted (<-3z score) b 07 (6)
Body mass index (BMI) (kg/m2) 17.7 (15.27, 20.6)
BMI z scorea 0.01 (1.40)
Normal BMI (- 2 z   to +1z  score)b 70 (60.3)
Overweight (> +1z  score)b 29 (25)
Obese (> +2z  score) b 3 (2.6)
Thinness (-2z  to -3z  score) b 10 (8.6)
Severely thinness (<-3z  score)b 4 (3.4)

Values in median (IQR), amean (SD) or bno. (%). cWeight for age z
score/ SDS were calculated using IAP growth charts, 2015 [16].
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29 (25%), 3 (2.6%), 31 (26.7%), and 7 (6%), respectively.
The growth parameters as per WHO classification are
summarized in Table II.

The severely stunted adolescents included four children
with SRNS and three with FRNS/SDNS. The patient charac-
teristics and comparison of growth parameters between
FRNS/SDNS and SRNS is shown in Web Table I. The mean
weight z scores were found to be significantly higher in
FRNS/SDNS group when compared to the SRNS group (P=
0.024) (Fig. 1a), but the mean height z scores were compa-
rable in both groups (Fig. 1b). The mean BMI z scores
mirrored the trends of weight being significantly higher in the

FRNS/ SDNS group when compared to the SRNS (P=0.06)
(Fig. 1c).

The data on cumulative steroid dosage was available for
109 patients. The median cumulative steroid dose for the
FRNS/SDNS group was significantly higher than the SRNS
group 19986.96 (14597.1 vs 26181.96) mg/m2 vs 14385
(10758.82, 21355.95) mg/m2; P=0.003] (Fig. 1d).

The regression line plotted to quantify the linear
relationship between cumulative steroid dose and height z
score yielded a low coefficient of determination (r2) (Fig. 2).
Also, the receiver operating characteristic (ROC) curve

Fig. 1 Box and whisker plot showing a) weight z score of FRNS/SDNS and SRNS, b) height z score of FRNS/SDNS and SRNS,
c) BMI z score of FRNS/SDNS and SRNS, and d) cumulative steroid dose in FRNS/SDNS vs SRNS.

FRNS: Frequently relasping nephrotic syndrome; SDNS: Steroid dependent nephrotic syndrome; SRNS: Steroid resistant nephrotic syndrome.

Fig. 2 Scatter plot showing linear relationship between a) cumulative steroid dose and height z score, and b) cumulative steroid dose
and body mass index (BMI) z score.
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plotted to assess the diagnostic accuracy of cumulative
steroid dose for predicting short stature showed AUC of 0.53
(P=0.64). Significant steroid toxicity features noted in our
study population included short stature (38, 32.7%),
followed by cataract (19, 16.4%) and glaucoma  (4, 3.4%).

DISCUSSION

Our study demonstrated relatively well-preserved weight z
scores, though the proportion of short stature was concerning
(one-third) in adolescents diagnosed with idiopathic
nephrotic syndrome in early childhood. The proportion of
overweight adolescents was high, though rates of obesity
were negligible. Children diagnosed with FRNS/SDNS had
significantly higher weight and BMI z scores than those with
SRNS. Short stature was not shown to be correlated with
cumulative steroid dose alone.

Our results are in accordance with severe growth retar-
dation in nephrotic syndrome reported earlier; 26.5% in a
French cohort [7] and 45% in an Italian cohort [17]. Catch-
up growth; though, demonstrated, is usually irregular and
partial [17-19]. Being a tertiary care referral centre, the
proportion of difficult-to-treat nephrotic syndrome (FRNS/
SDNS and SRNS) who have received steroids for a longer
duration before presenting to us, could have potentially
contributed to the higher proportion of short stature in our
study as compared to some other studies [4,9,17]; though,
conflicting results demonstrating preserved growth have
been reported in few studies [9,10]. The combined pre-
valence of overweight and obesity was lower than most of the
published literature on obesity in nephrotic syndrome (35-
43%) [8,19], with one-fifth of cases being underweight.
These observations could be attributed to nutritional and
environmental factors.

An Indian study with 35 children showed that there was a
fair correlation between steroid dose and growth retardation
(height z scores) in SSNS [13]. However, the cumulative
steroid dose did not show discriminatory ability in predicting
the short stature in our study population like few earlier
studies [7,12]. These findings could be explained by
additional factors contributing to growth retardation like
duration of steroid therapy, duration of daily continuous vs
alternate day steroids, different susceptibility to steroids
among individuals, and variability of pharmacokinetics.
Another important observation was one-third children
showing features of steroid toxicity, majority of whom had
received multiple and prolonged courses of steroids at other
primary centres prior to presenting to us. Most (96.5%) of our
children were initiated on one or more steroid sparing agents.

Our study has some limitations. Being a study from a
single tertiary-level referral centre, the results may not be
generalizable and proportion of steroid side effects could

have been higher than usual. The baseline pre-treatment
height and data on pubertal growth spurt were not available
for analysis.

To conclude, the proportion of short stature and over-
weight is high among adolescents with onset of nephrotic
syndrome in childhood, emphasizing the need for careful
monitoring of growth during the disease course. Prompt and
early use of adjunctive alternate immunosuppression and
rapid tapering of steroids to minimal dose possible for
maintaining remission is essential.
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School Aged Children With Autism
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Objective: To study the impact of social skills group training (SSGT) in children with autism
aged 8-12 years. To compare baseline (T1), post-intervention immediate (T2) and 3 months
post-intervention (T3) scores.  Methods:  Single-arm interventional study in 30 children with
autism, aged 8-12 years with intelligence quotient >70. Interdisciplinary therapists conducted
a 90-minute weekly SSGT (10 sessions) for 3 months (August-October, 2019).  Outcomes
were evaluated with standardized tests- Vineland Social Maturity Scale (VSMS), Vineland
Social Maturity Scale- Social Quotient (VSMS-SQ), Social Communication Questionnaire
(SCQ), Parent Rated Social Responsiveness Scale-2 (pSRS-2) done at baseline and at T2
and T3. Results:  The mean (SD) scores at T1 and T3 were as follows:  VSMS score at T1
was 66.63 (5.05), T3 was 71.03 (5.84) (P<0.001); SQ at T1 = 75.99 (6.399), T3 = 79.83 (8.94)
(P=0.016), respectively.  The mean (SD) SCQ score at T1 was 27.3 (12.28), T2 was 25.8
(6.36), T3 = 27.1 (7.16) (P>0.05 for T1- T2, T2-T3, P=0.013 for T1-T3). The mean (SD) pSRS-
2 score at T1 = 83.5 (6.68), T2 = 80.1 (7.87), T3 = 76.9 (8.07) (P<0.001), showing decline in
severity after SSGT. Conclusion: Weekly SSGT done over 3 months showed significant
improvement in social skills, which were sustained up to 3 months post-intervention.
Keywords: Group intervention, Neurodevelopment, pSRS-2, SCQ, VSMS.
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Autism spectrum disorders (ASD) are
characterized by impairment in communi-
cation, reciprocal social interaction, and
restricted and repetitive behaviors [1]. The

Centers for Disease Control and Prevention (CDC) reports
the prevalence of ASD is 1 in 44 children [2] whereas ASD
prevalence in India is 1 in 89 [3]. Children with ASD
receiving formal education face difficulties while adjusting
to the demands of the school environment. Parents often
report concerns over their child’s lack of friendships,
difficulties with daily routines, and problematic social
behavior. Previous research shows that early interventions
in autism improve core deficits and result in favorable
outcomes [4].

Social skills training (SST) is a promising evidence-
based aspect of intervention planning in autism [5]. A
social skills group session typically includes a structured
lesson on a specific skill, and common topics for the
groups vary with respect to the age and functioning level of
the group members. Previous studies have shown
improvement in social skills after social skills group
therapy (SSGT) [6]. Our study was conducted with the aim
to analyze the effects of SSGT as a targeted intervention
for school-aged Indian children with autism.

METHODS

This single-arm interventional study was conducted at the
autism intervention center of our medical college and
tertiary care hospital over 6 months (dates), after institu-
tional review board clearance. We enrolled 30 verbal
children diagnosed with autism, aged 8-12 years, with IQ
>70, after consent of their parents.

Our exclusion criteria included children on new
psychiatric medication (30 days), moderate to severe
intellectual disability, epilepsy, self-injurious behaviors,
aggressiveness, and suspected of confirmed genetic synd-
romes. Enrolled children underwent SSGT by certified
speech-language pathologists and occupational therapists
in groups of 10-15. The children received one 90-minute
therapy session every week for 3 months. A total of 10
sessions were conducted, each consisting of 15 minutes
free play, 60 minutes group intervention and 15 minutes
wrap-up followed by parent training. 

DSM-V criteria were utilized for the diagnosis of
autism and grading of severity; Level 1: requiring support,
Level-2: requiring substantial support, and Level-3:
requiring very substantial support [7]. Only level-1 child-
ren were enrolled. Assessments were conducted at base-
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line (T1), immediately after session 10 (T2) and 3 months
post SSGT (T3) using the Vineland Social Maturity Scale
(VSMS) [8] (along with its social quotient subscale,
VSMS-SQ), the Social Communication Questionnaire
(SCQ) [9], and the Social Responsiveness Scale-2 (pSRS-
2) [10]. 

The VSMS was used by trained therapists to assess
social capacities of the children through direct observation
and input from primary caregivers. It was then analyzed to
provide an estimate of the social quotient (SQ) to measure
social maturation. Each subject required approximately 20
minutes for the test administration, followed by 10 minutes
for analysis. Caregivers filled out the SCQ autoscore
current form, which took 10 minutes to complete and 5
minutes to score. This test assessed the severity of ASD
symptoms and was interpreted by professionals to track
changes over time. The pSRS-2, a parent-rated scale,
which was completed in 15-20 minutes, was used to
quantify the five SRS subscales: social awareness, social
cognition, social communication, social motivation, and
restricted interests and repetitive behaviors (RRBs). The
tests were conducted consecutively at a single sitting.

Statistical analysis: Data were analyzed using the SPSS
(version 22.0). Tests for normality were not conducted as
the sample size was 30. We compared the mean (SD) of
pre-test and post-test scores using the paired t test. Level of
significance was set at 0.05

RESULTS

Out of the 160 children evaluated for eligibility at the
center, 30 children were selected for enrolment in the study
(60 did not meet age eligibility criteria, parent did not
consent to participate in 40, and 30 did not meet the
inclusion/exclusion criteria). All 30 selected children
received the allocated intervention and were available for
final evaluation. There were no participants lost to follow-

Table I Baseline Characteristics of Children With Autism
Enrolled in the Study

Characteristics No. (%)

Male sex 22 (73.3)
Age

8-9 y 10 (33.3)
 9-11 y 18 (60)
11-12 y 2 (6.7)

Schooling
Regular school 13 (44)
Special school 8 (26.7)
Out of school 9 (30)

Socioeconomic classa

Upper 3 (10)
Upper middle 17 (56.7)
Lower middle 8 (26.7)
Upper lower 2 (6.7)

Developmental delay
Socio-adaptive delay 28 (93.3)
Language delay 23 (76.7)
Motor delay 3 (6.7)

Severity of autismb

Level 3 5 (16.6)
Level 2 15 (50)
Level 1 10 (33.3)

aAs per modified Kuppuswamy socioeconomic status scale [11];
bas per (DSM V).

Table II Comparison of Outcome Measures at Baseline (T1), Immediate Post Therapy (T2) and at 3 Months Post Therapy (T3)

                                Scores                                   MD (95% CI); P value
T1 T2 T3 T1-T2 T1-T3 T2-T3

VSMS 66.6 (5.05) - 71.03 (5.84) - -4.40 (-5.84, -2.96);
<0.001 -

VSMS-SQ 75.9 (6.39) - 79.8 (8.94) - -3.85 (-6.92, -0.77);
0.016 -

SCQ 27.3 (12.28) 25.8 (6.36) 27.1 (7.16) 1.47 (-3.02, 5.95); 0.17 (-4.51,4.85); -1.30 (-2.30, -0.30);
0.51 0.94 0.013

pSRS-2 83.5 (6.68) 80.1 (7.87) 76.9 (8.07) 3.40 (2.52, 4.28); 6.53 (5.32, 7.75); 3.13 (2.57, 3.69);
<0.001 <0.001 <0.001

Values in mean (SD). VSMS: Vineland social maturity scale; VSMS-SQ: VSMS-social quotient; SCQ: social communication
questionaire; pSRS-2: social responsiveness scale-2.

up. The baseline demographic, socioeconomic and clinical
factors are detailed in Table I. 

These were significant differences in mean (SD)
baseline VSMS score and VSMS-SQ scores [MD (95%
CI) -3.85 (-6.92, -0.77); P=0.016] compared to scores at 3
months post-therapy (T3). SCQ measures autism severity,
with higher scores indicating a greater intensity. There was
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no difference between SCQ scores at T1 and T3.
Furthermore, a progressive decline in p-SRS-2 scores was
observed between T1 and T2 and T2 and T3 [MD (95%
CI) -3.13 (2.57, 3.69); P<0.001] indicating a decreasing
trend in the severity of social communication impairment
(Table II).

Additionally, statistically significant differences
(P<0.05) were found in the subscale scores of p-SRS-2,
including social awareness, cognition, communication,
social motivation, and restricted repetitive behaviors at
T1, T2, and T3 (Web Table I).

DISCUSSION

Children with ASD face social impairments that can lead
to peer rejection, mood disorders, and other psycho-
pathologies [11]. Evidence suggests that autistic indivi-
duals without significant cognitive delays, often improve
post interventions [12]. An analysis of Cochrane reviews
conducted by Lyra, et al. [12] concluded that socialization
groups were one of the interventions that benefited
patients with ASD while highlighting the fact that there
was a dearth of experimental studies to confirm this link. 

We report on the efficacy of SSGT in a small number
of children with autism in an Indian setting.  Our results
demonstrated an improvement in social quotient at 3
months post therapy. This reflected the effectiveness of the
intervention, and is concordant with previous findings [14]
that interventions in autistic children led to a significant
difference in SQ scores. However, no changes in SCQ
scores contrasted with the results of the Preschool Autism
Communication Trial (PACT) study that found a
significant difference in SCQ scores post intervention
[15].  Our data on serial improvement of pSRS-2 scores
supported the conclusion of Olsson, et al. [16], who found
the SSGT to be superior to standard care. This serial
improvement suggested an improvement in overall social
competence and thereby indicated that these newly
developed skills enhanced their day-to-day wellbeing and
quality of life. 

The strengths of this study include the incorporation of
a follow-up and assessment period of 3 months, which
allowed the evaluation of persistence of treatment effects.
However, conclusions about long term maintenance could
not be derived due to the unforeseen COVID-19
pandemic, which hindered the previously planned follow-

ups at 12 and 18 months.  As this study was a single-arm
design with interventions provided to all participants, there
is a possibility that some of the observed outcomes of
SSGT could be influenced by a placebo effect, and
potential biases may exist in parent reports.  The difference
noted in these scores; although significant, may not have
any clinical implications, and caregiver perspective in this
regard would be important in future studies.

These newly acquired behaviors post intervention can
have broader implications in the community settings and
thereby improve the quality of life. Additionally, this study
can serve as a guide for general pediatricians who can
reiterate the need of SSGT alongside the ongoing
occupational therapy programs. The current findings can
serve as a strong base for future clinical developments and
can pave a path towards producing meaningful change in
the lives of children with autism and their families. 
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Web Table I  pSRS-2 Subscales Scores At Baseline (T1), Immediate Post Therapy (T2) and 3 Months Post 
Therapy (T3) 

T1: Baseline T2: immediate post therapy; T3: 3 months post therapy; T1 - T2 measures immediate treatment effect, 
T1 - T3 measures long-term effect; T2 –T3 measures effects sustained in home and school settings. P<0.001 for all 
comparisons between T1-T2, T2-T3 and T1-T3. 

pSRS-2 
Subscales  

 Social 
Awareness  

Social 
Cognition 

Social 
Communication 

Social 
Motivation 

Restricted 
and 
Repetitive 
Behaviors 

pSRS-2 T 
Score 

Mean 
(SD) 

T1  17.10 (3.71) 23.67 
(7.45) 

34.87 (9.10) 21.40 (5.56) 24.73(6.77) 83.5(6.68) 

T2 14.83 (3.13) 20.73 
(5.47) 

32.07 (8.64) 19.20 (5.26) 22.23(6.75) 80.1(7.86) 

T3 13.37 (3.01) 18.83 
(5.12) 

29.63(7.96) 17.47 (4.62) 20.47(6.92) 76.9(8.0) 
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Justification: The transgender community has been long stigmatized, and discriminated against, and faces numerous mental and physical
problems. Certain indicators of transgender personality appear during childhood and more often before puberty begins. This puts the onus
on Pediatricians to identify and offer evidence-based care for their benefit. There is an urgent and deep-felt need to understand the medical,
legal, and social aspects of the care of transgender children. Hence, Adolescent Health Academy decided to release a statement on the care
of transgender children, adolescents, and youth.
Objectives: To review the existing international and national guidelines and recommendations to formulate a statement for the Pediatricians
on (a) terminologies and definitions; (b) legal status in India; and (c) implications for pediatric practice.
Process: A task force was convened by the Adolescent Health Academy as the writing committee to draft the guidelines. These were
approved by all the members of the task force and the Executive Board of Adolescent Health Academy (2022).

Recommendations: Gender identity develops in childhood and adolescence as a feeling of self, and it should be respected to mitigate
gender dysphoria. The law permits transgenders the right of self-affirmation and it upholds their dignity in society. The transgender
community is prone to victimization, and prejudice leading to a high risk of substance abuse, suicidal ideation, and mental health issues.
Pediatricians are the primary care providers of children and adolescents including those with gender incongruence, so they should be
abridged with gender-affirmative practices. Gender-affirmative care involves pubertal suppression, hormonal therapy, and surgery which
should be done in conjugation with the social transition, by a gender-affirmative care team.
Key Words: Gender dysphoria, Gender-affirmative care, Gender identity, Gender incongruence, Sex.

GGGGG UUUUU IIIII DDDDD EEEEE LLLLL IIIII NNNNN EEEEE SSSSS

ender identity is a feeling or internal sense of
being a girl, a boy, both, or neither which begins
to develop in early childhood and evolves to
finally emerge in adolescence and youth [1]. A

Traditionally, this less-understood population faces
stigma, discrimination, victimization, and significant physi-
cal and mental health issues leading to a high risk of suicide
as they do not conform to the accepted social stereotypes
[3,4]. Family and societal rejection or non-acceptance of
transgender adolescents are few of the strongest predictors of
mental health problems [5].

There is a felt need to love, value, and nurture such
children as they are highly vulnerable. Affirming care in
childhood can significantly improve mental health and
outcomes in this community. Transgender and gender-
diverse adolescents and youth face considerable barriers to
accessing health information and services [6]. There is a gap

Published online: May 14, 2023; PII: S097475591600534

G
person can be cisgender when the gender identity is the same
as the sex assigned at birth or gender-diverse/gender
incongruent when the person’s gender identity or expression
differs from the sex assigned at birth.

Gender incongruence may also be associated with
gender dysphoria or clinically significant distress in impor-
tant areas of daily functioning. Gender dysphoria generally
becomes more prominent as children approach puberty and
adolescence (Box I).
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in formal medical training confounded by almost no
standardized treatment, medical interventions, or research in
these children [7].

Being primary providers, pediatricians are responsible
for the inclusive healthcare of transgender children, adole-
scents, and young adults and for providing support and
guidance to their families [8,9]. In this policy statement, we
bring forth the challenges faced by the transgender
community and provide recommendations for pediatricians
that will promote positive health and development of the
youth who identify as transgender. The word ‘transgender’
will be used in this document to include all the words and
phrases used to address the community with a gender identity
that is not congruent to the sex assigned at birth.

OBJECTIVES

This statement is framed i) to describe the terminologies and
definitions related to the transgender community; ii) to
describe the legal status of transgender rights and their
implications on Pediatric practice in India, and iii) to
formulate recommendations for Pediatric practice related to
the care of transgender children.

PROCESS

The Adolescent Health Academy (AHA) a subspecialty
chapter of the Indian Academy of Pediatrics (IAP) formed a
task force of pediatricians in May, 2022, on ‘transgender

care’ to address the issues outlined above. The members
comprised pediatric and adolescent experts. A series of
online meetings were held periodically, the first on 7 May,
2022, to draft and finalize the recommendations.

A review of the literature was conducted by the members
and relevant scientific material and research studies were
shared. The main areas addressed were: i) definitions related
to the transgender community, ii) gender dysphoria, iii) the
status of transgender care, iv) the legal aspect of transgender
care, v) transgender persons (protection of rights) act and
rules, vi) the implications for pediatric practice, and vii)
gender reaffirmation care.

Guidelines given by the World Health Organization
(WHO), the United Nations (UN), the United Nations
Children’s Fund (UNICEF), the World Professional Asso-
ciation for Transgender Health (WPATH), the American
Academy of Pediatrics (AAP), and the Association of
Transgender Health in India (ATHI) were studied. [1,10-14]

TERMINOLOGIES AND DEFINITIONS

Sex is an individual’s categorization based on the chromo-
somes, genitals, and reproductive tract. Gender is a social
construct, made up of understandings and expectations
culturally tied to people who were assigned sex as male or
female at birth. Gender identity is the internal sense of self
from the perspective of gender. Sexual orientation refers to

Box I Gender Dysphoria as Defined by DSM-5-TR

The DSM-5-TR defines Gender Dysphoria [2] as a marked incongruence between one’s experienced/expressed gender and their assigned gender,
lasting at least 6 months,

In children, as manifested by at least six of the following (one of In adolescents and adults, as manifested by at least two of the
which must be the first criterion): following:
• A strong desire to be of the other gender or an insistence that one • A marked incongruence between one’s experienced/expressed

is the other gender (or some alternative gender different from gender and primary and/or secondary sex characteristics (or in
one’s assigned gender) young adolescents, the anticipated secondary sex

• In boys (assigned gender), a strong preference for cross- characteristics)
dressing or simulating female attire; or in girls (assigned gender),  • A strong desire to be rid of one’s primary and/or secondary sex
a strong preference for wearing only typical masculine clothing characteristics because of a marked incongruence with one’s
and a strong resistance to the wearing of typical feminine clothing experienced/expressed gender (or in young adolescents,

• A strong preference for cross-gender roles in make-believe play a desire to prevent the development of the anticipated
or fantasy play secondary sex characteristics)

• A strong preference for the toys, games, or activities stereo- • A strong desire for the primary and/or secondary sex character-
typically used or engaged in by the other gender istics of the other gender

• A strong preference for playmates of the other gender • A strong desire to be of the other gender (or some alternative
• In boys (assigned gender), a strong rejection of typically masculine gender different from one’s assigned gender)

toys, games, and activities and a strong avoidance of rough-and- • A strong desire to be treated as the other gender (or some
tumble play; or in girls (assigned gender), a strong rejection of alternative gender different from one’s assigned  gender)
typically feminine toys, games, and activities • A strong conviction that one has the typical feelings and

• A strong dislike of one’s sexual anatomy reactions of the other gender (or some alternative gender
• A strong desire for the physical sex characteristics that match different from one’s assigned gender)

one’s experienced gender
To meet the criteria for diagnosis, the condition must also be associated with clinically significant distress or impairment in social, occupational, or other
important areas of functioning.

DSM-5-TR: Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition, Text Revision [2].
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sexual attraction and is different from gender identity (Fig.
1). The terminologies and definitions used to describe the
transgender community are given in Box II [12-17].

GLOBAL STATUS OF TRANSGENDER CARE

In July, 2013, the Office of the United Nations High
Commissioner for Human Rights launched UN Free and
Equal - an unprecedented global public information
campaign to promote equal rights and fair treatment for
lesbian, gay, bisexual, transgender, queer/questioning,
intersex, and asexual (LGBTQIA+) people [18].

In July, 2016, the WHO re-framed “gender identity
disorders” as “gender incongruence,” moving diagnostic
codes from the chapter on mental disorders to one on sexual
health [19]. International Classification of Diseases (ICD)-
11 redefined “transsexualism” and “gender identity disorder
of children” (as in ICD-10’s) with “gender incongruence of
adolescence and adulthood” and “gender incongruence of
childhood”, respectively [20].

The adoption of the 2030 Agenda for Sustainable
Development and its pledge to “leave no one behind” based
on the normative framework of international human rights
law, has reinforced the need to understand and improve the
health and well-being of transgender people [21]. Many
countries now have laws to guarantee the rights of equality
and non-discrimination based on sex, sexual orientation, or
gender identity. Marriage between same-sex couples is
legally performed and recognized in 33 countries, consti-
tuting some 1.35 billion people (17% of the global popu-
lation) [22].

The WPATH aims at bringing diverse dedicated
professionals together for developing best practices and
supportive policies globally to promote health, research,
education, advocacy, respect, dignity, and equality for trans-
sexual, transgender, and gender nonconforming people in all
cultural settings [12].

The human rights council of the UN has extended States’
responsible for the effective protection of all persons from

Fig. 1 Concept of sex, sexual orientation, gender, and gender identity.

Adapted from “Health Care for Transgender and Gender Diverse Individuals: ACOG Committee Opinion, Number 823” [15].

61



INDIAN  PEDIATRICS 846 VOLUME 60__OCTOBER 15, 2023

AHA STATEMENT ON TRANSGENDER CARE

Box II Nomenclature and definitions [12-17]

Agender: term for individuals who do not identify as any gender at all.
Ally: term for individuals that support and rally the rights of LGBTQIA+ even though they don’t identify within the community.
Androgynous: term for individuals with both male and female traits.
Asexual: term for individuals who don’t feel sexual attraction to either sex or that don’t feel romantic attraction in the typical way.
Assigned gender: the initial gender attributed to an individual after birth; for most individuals, this corresponds to the sex on their original birth
certificate, aka assigned gender, birth sex.
Bisexual: an individual who is sexually and romantically attracted both to men and women.
Cisgender: a term for individuals whose experienced and expressed gender is congruent with their gender assigned at birth, that is, those who
are not transgender.
Coming out: the act of sharing one’s sexual orientation or gender identity with loved ones.
Crossdresser: These terms generally refer to those who may wear the clothing of a gender that differs from the sex which they were assigned
at birth for entertainment, self-expression, or sexual pleasure, aka drag queen or drag king. Some cross-dressers and people who dress in drag
may exhibit overlap with components of a transgender identity. The term transvestite is no longer used in the English language and is considered
pejorative.
Deadname: The name that was given to a transgender individual by their family, and one by which they were identified. However, the individual
may no longer use that name.
Detransition: an individual’s retransition to the gender stereotypically associated with their sex assigned at birth.
Experienced gender: one’s sense of belonging or not belonging to a particular gender, aka gender identity.
Expressed gender: how one expresses one’s experienced gender.
Eunuch: an individual assigned male at birth whose testicles have been surgically removed or rendered non-functional and who identifies as a
eunuch.
Gay: individuals who are sexually and romantically attracted to individuals of the same gender, aka homosexual.
Gender: a person’s social status as male (boy/man) or female (girl/woman), or alternative category.
Gender assignment: assignment of gender to an individual. In typically developed newborns, the initial gender assignment (aka ‘‘birth-assigned
gender’’) is usually made based on the appearance of the external genitalia.
Gender binary: a gender-categorization system limited to two options, male and female. Individuals who identify outside the gender binary may
use a variety of gender identity labels, including genderqueer or nonbinary.
Gender diverse: people who do not conform to their society or culture’s expectations for males and females.
Gender Dysphoria (GD) (capitalized): a diagnostic category in DSM-5, with specific diagnoses defined by age group-specific sets of criteria.
Gender dysphoria (not capitalized): the distress caused by the discrepancy between one’s experienced/expressed gender and one’s assigned
gender and/or primary or secondary sex characteristics.
Gender expression: refers to how a person enacts or expresses their gender in everyday life and within the context of their culture and society,
in the form of one’s name, clothing, behavior, hairstyle, or voice, and which may or may not fit the usual frame of socially defined behaviors
and characteristics associated with being either masculine or feminine.
Gender fluidity: refers to change over time in an individual’s gender expression or gender identity, or both.
Gender Identity Disorder (GID): a diagnostic category in DSM-III and DSM-IV that was replaced in DSM-5 by Gender Dysphoria. Gender
Identity Disorder is an obsolete term now and should not be used.
Gender identity: one’s identity as belonging or not belonging to a particular gender, whether male, female, or a nonbinary alternative, aka
experienced gender.
Gender Incongruence (capitalized): a diagnostic category (analogous to GD in DSM-5) proposed for ICD-11.
Gender incongruence (not capitalized): incongruence between experienced/expressed gender and assigned gender, and/or psychical gender
characteristics.
Gender non-conforming: individuals who do not conform to either of the binary gender definitions, as well as those whose gender expression
may differ from standard gender norms.
Gender perception: the objective interpretation of an individual’s gender expression.
Gender role: cultural/societal definition of the roles of males and females (or of alternative genders).
Gender transition: the process through which individuals alter their gender expression and/or sex characteristics to align with their sense of gender
identity.
Gender variance: any variation of experienced or expressed gender from socially ascribed norms within the gender binary.
Gender-affirmation procedures: Procedures that help an individual affirm their gender identity including social (clothes, name, pronouns),
medical (hormone, laser, surgery), and legal (changing their name, and gender on identification documents), aka gender reassignment.
Gender-affirming surgery: surgical procedures intended to alter a person’s body to affirm their experienced gender identity, aka sex reassignment
surgery, gender reassignment surgery, or gender-confirming surgery.

Contd...
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Gendered behavior: behavior in which males and females differ on average.
Genderqueer: an identity label used by some individuals whose experienced and/or expressed gender does/do not conform to the male/female
binary or who reject the gender binary.
Heterosexual: individuals who are sexually and romantically attracted to individuals of the opposite gender.
Homosexual: individuals who are sexually and romantically attracted to individuals of the same gender, aka gay.
Intersex conditions: a subset of the somatic conditions known as ‘‘disorders of sex development’’ or ‘‘differences of sex development ‘‘in which
chromosomal sex is inconsistent with genital sex, or in which the genital or gonadal sex is not classifiable as either male or female. Some
individuals who report their identity as ‘‘intersex’’ do not have a verifiable intersex condition.
Lesbian: Term for women sexually and romantically oriented toward other women.
LGBTQIA+: Term used to collectively refer to lesbian, gay, bisexual, transgender, questioning, queer, intersex, and asexual; and the plus sign
(+) denotes inclusivity to cover all different sub-sects like allies, pansexual, non-cisgender, and non-heterosexuals, aka LGBT, LGBTQ, or
LGBTQ+.
Misgender: when language is used that does not correctly reflect the gender with which a person identifies, aka misgendering.
Nonbinary: an individual whose gender identity is neither girl/woman nor boy/man.
Pansexual: an individual with a desire for all genders and sexes, aka omnisexual.
Pride flag: any flag that represents a segment or part of the transgender community. The colors reflect the diversity of the LGBT community
and the spectrum of human sexuality and gender, aka rainbow flag, LGBT flag, or queer flag.
Pride parade: an outdoor event celebrating transgender social and self-acceptance, achievements, legal rights, and pride, aka pride march, pride
event, or pride festival.
Retransition: second or subsequent gender transition whether by social, medical, or legal means.
Sex assigned at birth: the sex or gender first assigned to an individual after birth, aka natal gender, birth-assigned sex, or gender assigned at
birth.
Sex: an individual’s categorization as biologically male or female, usually based on the genitals and reproductive tract.
Sexual orientation: an individual’s pattern of sexual attraction and physiological arousal to others of the same, other, both, or neither sex.
Sexuality: Encompasses all aspects of sexual behavior, including gender identity, orientation, attitudes, and activity. Sexuality is emotional, social,
cultural, and physical. Sexuality development begins in childhood and becomes more pronounced in adolescence [42,43].
Social transition: The process by which transgender children or adolescents adopt the name, pronouns, and gender expression, such as clothing
and haircuts, that match their gender identity.
They/Them/Their: Neutral pronouns used by some who have a nonbinary or nonconforming gender identity.
Trans: More recent umbrella term being increasingly used to avoid distinguishing between transgender and transsexual individuals. 
Transgender: an umbrella term usually referring to individuals whose experienced or expressed gender does not conform to normative social
expectations based on the gender they were assigned at birth.
Transgender man: A term to describe an individual who was assigned female at birth who identifies as a male, aka transman, female-to-male,
FTM, transgender male, transmasculine, or man of trans experience.
Transgender woman: A term to describe an individual who was assigned male at birth who identifies as a female, aka transwoman, male-to-
female, MTF, transgender female, transfeminine, or woman of trans experience.
Transition: the process whereby individuals usually change from the gender expression associated with their assigned sex at birth to another
gender expression that better matches their gender identity.
Transphobia: negative attitudes, beliefs, and actions concerning transgender and gender-diverse peopleas a group, aka anti-transgender bias.
Transsexual: a term often reserved for the subset of transgender individuals who desire to modify, or have modified, their bodies through
hormones or surgery to be more congruent with their experienced gender.
aka-also known as, DSM-Diagnostic and Statistical Manual of Mental Disorders, ICD-International Classification of Diseases.

Continued from pre-page

discrimination based on sexual orientation or gender identity
[10].

Population Estimates

The transgender population has been estimated by health
systems-based studies to be 0.02-0.1%, survey-based studies
of adults to be 0.3-0.5% (transgender), 0.3-4.5% (all
transgender and gender diverse people), and survey-based
studies of children and adolescents to be as high as 1.2-2.7%
(transgender), 2.5-8.4% (all transgender and gender diverse

people) [12]. The Census of India (2011), for the first time,
included the “other gender” as a sex category who turned out
to be 487,303 in the total estimated population of 1.247
billion [23].

Legal Aspects Related to Transgender People

For a long period, the transgender community is fighting for
its legal rights. Slowly but definitely, things are going in their
way. The Government and Supreme Court have taken some
proactive steps to address the issues related to the transgender
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community [24]. For the first time, in 2014 this community
had its voice heard when the Supreme Court delivered the
NALSA (National Legal Services Authority) judgement,
which led to the recognition of transgender people as the
“third gender” [25]. The transgender community faced deep-
rooted prejudices from society, and the landmark judgement
of the Supreme Court in 2018, decriminalizing Section 377
(punishment for unnatural sex) of the Indian Penal Code has
given them substantive equality [26].

Recently, Madras High Court directed the Tamil Nadu
Government to make a glossary with suggestions of 24
words and expressions for a dignified identity of the trans-
gender community [27]. The court directed media to be
sensitive while reporting about the transgender community
and suggested arranging seminars for building a queer-
friendly future, compiling words and expressions to be used
while reporting, and formal training to be given to editors and
reporters. The court observed that medical courses amplify
queerphobia and discrimination against the transgender
community and added that medical professionals should be
“non-judgemental and free of moral and personal prejudices
about their patient’s identity on the gender spectrum, or their
sexuality”. The court also warned of strict action against any
professional found indulging in “conversion therapy”, i.e.,
changing anybody’s sexual orientation [28].

In October 2021, Calcutta High Court allowed trans-
gender persons to appear in Kolkata Police Recruitment
Examination [27]. The Kerala High Court, in March 2021,
held that transgender people should be allowed entry into
National Cadet Corps (NCC) [24]. In November 2021, the
Guwahati High Court directed the state government to take
appropriate measures to look after the health issues of the
transgender community [24]. The Delhi High Court directed
the state government to construct separate toilets for trans-
gender persons [24].

The Karnataka Government made a policy to provide
reservations for transgender persons in state police recruit-
ment and introduced a 1% reservation for the transgender
community in government jobs [24]. States like Kerala,
Assam, and Tamil Nadu have established Welfare Boards for
transgender people [24].

TRANSGENDER PERSONS (PROTECTION OF
RIGHTS) ACT AND RULES

The Transgender Persons (Protection of Rights) Act 2019
(TPA) was passed in August, 2019 and brought into effect in
January, 2020 [29]. It was the first legislative effort to
address the issues of the transgender community. The act has
given the right to self-affirmation to individuals. In Sep-
tember, 2020, the Transgender Persons (Protection of
Rights) Rules were notified in the Gazette of India [30]. The

TPA recognizes transgender as “a person whose gender does
not match with the gender assigned to that person at birth and
includes trans-man or trans-woman (whether or not such
person has undergone Sex Reassignment Surgery or
hormone therapy or laser therapy or such other therapy),
person with intersex variations, genderqueer and person
having such socio-cultural identities as kinner, hijra,
aravani, and jogta.”

Provisions of the Transgender Persons
(protection of rights) Act and Rules

1. Certificate of Identity: The transgender person is allowed
to be recognized as such and have a self-perceived
gender identity. A transgender person may make an
application to the District Magistrate, in person, by post,
or online, for a certificate of identity indicating the
gender as ‘transgender’. The application should be
accompanied by an affidavit and the report of a
psychologist, without any medical (meaning thereby
physical) examination. A revised certificate may be
applied only if the individual undergoes surgery, along
with a certificate issued to that effect by the Medical
Superintendent of the medical institution in which that
person has undergone surgery, to change their gender
either as a male or a female.

2. Rights and entitlements: The Central Government is
directed to provide the following rights to the trans-
gender community:

a. Prohibition against Discrimination: It prohibits the
discrimination against a transgender person, including
denial of service or unfair treatment concerning i)
education; ii) employment; iii) healthcare; iv) access to,
or enjoyment of goods, facilities, opportunities available
to the public; v) right to movement; vi) right to reside,
rent, or otherwise occupy the property; vii) opportunity
to hold public or private office; and viii) access to a
Government or private establishment in whose care or
custody a transgender person is.

b. Right of residence: Every transgender person shall have a
right to reside and be included in their household.  If the
immediate family is unable to care for the transgender
person, the person may be placed in a rehabilitation
center, on the orders of a competent court.

c. Employment: No Government or private entity can
discriminate against a transgender person in employment
matters, including recruitment, and promotion. Every
establishment is required to designate a person to be a
complaint officer in this regard.

d. Education: Educational institutions funded or
recognized by the Government shall provide inclusive
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education, sports, and recreational facilities for trans-
gender persons, without discrimination.

e. Health care: The Government must take steps to provide
health facilities to transgender persons including
separate HIV surveillance centers, hormonal therapy,
and sex reassignment surgeries.  The Government shall
review the medical curriculum to address the health
issues of transgender persons, promote research, and
provide comprehensive medical insurance schemes
(covering sex reassignment surgery, hormonal therapy,
laser therapy, or any other health issues) for them.

f. Reservation: Government shall notify the general
category transgender persons in ‘other backward classes’
to enable them to avail the benefits of vertical reser-
vation. This sub-rule shall not deny benefits to trans-
gender persons belonging to other reserved categories.

g. Establishments: Government shall create institutional
and infrastructure facilities such as separate wards in the
hospital, washrooms, etc within two years from the date
of commencement of these rules.

h. Awareness: Government shall carry out an awareness
campaign to educate, communicate and train trans-
gender persons to avail themselves of the benefits of
welfare schemes, and their rights; eradicate stigma and
discrimination against transgender persons, and mitigate
its effects.

3. Establishment of National Council for Transgender
persons: It will i) advise the Central Government on the
formulation of policies, programs, legislation, and
projects for transgender persons; ii) monitor and
evaluate the impact of policies and programs designed
for achieving equality and full participation of trans-
gender persons; iii) review and coordinate the activities
of all the departments of Government and other
Governmental and non-Governmental organizations
which are dealing with matters relating to transgender
persons; iv) redress the grievances of transgender
persons; and v) perform such other functions as may be
prescribed by the Central Government.

4. Offenses and penalties: The Act recognizes the follow-
ing offenses against transgender persons: i) forced or
bonded labor (excluding compulsory government
service for public purposes), ii) denial of use of public
places, iii) removal from the household, and village,(iv)
physical, sexual, verbal, emotional or economic abuse.
Penalties for these offenses vary between six months and
two years, and a fine.

In addition to this, the Central Government has set up
shelter houses as part of the Garima Greh project, formu-
lated a support scheme named Support for Marginalized

Individuals for Livelihood and Employment (SMILE) under
the Union Ministry of Social Justice and Employment, issued
directives to conduct awareness programs for child welfare
committees, juvenile justice boards, prison functionaries,
healthcare officials, and media persons, and made a National
Portal for transgender persons and started active training
programs enabling the issuance of identity cards to
transgender persons by the District Magistrate.

The TPA is criticized due to a few issues [31]:

• Not addressing the provision of reservations for trans-
genders completely.

• Requiring certification of identity and not acknowledging
the self-identification of transgender persons.

• Using the terms transgender and intersex interchangeably,
which have different meanings.

• Labor timings for transwomen should be equal to
ciswomen.

• Making crimes like rape, etc against transgender persons
punishable by only 6 months to 2 years.

• Violating the transgender’s constitutional Right to
Freedom of Residence as they must either stay with their
parents or approach a court.

• Not addressing concerns about recognizing rights in
marriage, divorce, and adoption.

According to Guidelines for Blood Donor Selection and
Blood Donor Referral, 2017 transgender people are perma-
nently prohibited from donating blood [32]. Despite many
developments in favor of the transgender community,
oppression, discrimination, queerphobia, and social stigma
are still prevalent. Attitudinal change in the public is
required.

Work done by NGOs
The Association of Transgender Health in India (ATHI) is
conducting workshops and educational programs to sensitize
medical students and healthcare professionals about the
issues related to transgender health. It has developed the
Indian Standards Of Care (ISOC-1) to help medical pro-
fessionals to address various health issues of transgender
people [14]. The Tata Institute of Social Sciences, in
collaboration with Pernod Ricard India Foundation and
Collective Good Foundation, launched India’s first academic
corporate fellowship program for transgender youth [33].

IMPLICATIONS FOR PEDIATRIC PRACTICE
A child may express gender identity at an early age or as late
as adolescence but usually by 10 years of age [34]. So, these
children and adolescents are brought by the parents to
pediatricians who are their primary medical providers, thus
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pediatricians should know how to support the child with this
normal manifestation of neurodiversity.

Role of Pediatrician

Early detection, support, and intervention to initiate early
gender-affirmative care by family and society. It is docu-
mented that if psychosocial gender-affirming care is started
early in childhood, it promotes well-being and prevents
dysphoria, which is sustained over the transition to adole-
scence [35].

Early pointers

Certain behavioral patterns may be noticed by parents if the
child is in a dilemma leading to gender dysphoria. Younger
children may express their gender identity with role play,
showing interest in toys, clothing, hairstyle, and mannerisms.
They get uneasy with games, and roles in social activities,
disliking gender-assigned washrooms. Young children may
outrightly say they are of another gender, become upset about
being misgendered, not like their name, or want to get rid of
their genitals. Older ones may self-harm and puberty is a
stressful phase for them for obvious reasons. However, every
child or adolescent with gender incongruence will have a
unique presentation, and intervention options may differ for
each.

Guiding Principles for Affirmative Care

The team in gender-affirmative care consists of parents,
pediatricians, society, teachers, social workers, psycho-
logists, legal and ethics members, pediatric endocrinologists,
and surgeons who are interacting with each other with a focus
on the child with gender incongruence. Pediatricians must
team up with parents to facilitate the gender-affirmation
process and the gender journey of the child to avoid gender
dysphoria. Factors affecting care are enumerated in Table I.

Issues: Stigma, intolerance, discrimination, and aggression

have an impact on the health and welfare of these children
along with other medical or psychosocial co-morbidity [36].
Transgender children, adolescents, and youth have increased
chances of depression, anxiety, eating disorders, self-harm,
and suicide. The discrimination and bias towards them lead
to an internal conflict between their appearance and identity,
which is further aggravated by poor access to healthcare [6].
This ushers mental health issues and they resort to high-risk
behavior and substance abuse promoting lifestyle disorders,
physical and sexual abuse, and violence [37].

Creating nurturing environment: Transgender children and
adolescents may face physical, emotional, and mental abuse
by their family members, which may lead them to leave their
own families and seek support from similar-minded com-
munity members [5]. Similarly, a discriminatory environ-
ment at school may lead to stress and dropouts. Pediatricians
can help create social acceptance, nurturing environment at
school, family acceptance, and social transition at the child’s
as well as the parents’ level. Social transition initiated by the
child if supported by the family and the school is beneficial in
reducing emotional stress and curtailing adverse mental
effects [38].

Medical and surgical management of transgender
adolescents [12,39,40]

Hormonal treatment can include suppression of puberty
(Gonadotrophin releasing hormone analogs, alternative
progestin), or induction of pubertal changes of affirmed
gender (oral estrogen for feminizing and injectable testo-
sterone for masculinizing). Induction can be done only after
the consent age i.e., 18 years. Both these interventions have
advantages and disadvantages so there are stringent
eligibility criteria (Box III). During feminization or mascu-
linization hormonal therapy the target levels are to reach the
physiological range (serum estradiol: 100-200 pg/mL and
serum testosterone: 300-1000 ng/dL respectively).
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Table I Factors Affecting Gender-Affirmative Care

Helpful Barriers

• Address with the name, pronouns, and gender identity that the • Limited availability of gender-affirming care
individual prefers • Prejudice/misunderstanding of caregivers

• Supportive response • Poor social, family, and peer acceptance of the individual’s
• Social transition - changing of external appearance (clothing, gender identity

hairstyle), name, and pronouns to match one’s internal gender • Expensive transgender healthcare
• Mitigate dysphoria • Inappropriate use of drugs and hormones
• Support children to explore their gender • Non-availability of health insurance and limited support from
• Provide information about gender-affirming medical interventions the Government
• Inform about the effects of treatments on future fertility, and • Relatively few clinical programs

options for fertility preservation • Transphobia (negative attitudes, beliefs, and actions
• Involve gender affirmative team concerning transgender people)
• Acknowledge the legal aspects • Lack of structured training for healthcare professionals

• Poor knowledge of the law and available legal support
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Box III Gender-affirming Treatment of Transgender Adolescents [12, 39, 40]

Essential criteria for gender- • Diagnosed as gender incongruence as per the ICD-11
affirming treatment • The experience of gender diversity/incongruence is marked and sustained over time.

• Gender dysphoria worsened with the onset of puberty
• Demonstrates the emotional and cognitive maturity required to provide informed consent/

assent for the treatment.
• Mental health concerns (if any) that may interfere with diagnostic clarity, capacity to consent,

and gender-affirming medical treatments have been addressed.
• Informed of the reproductive effects, including the potential loss of fertility and the available

options to preserve fertility.
• Reached Tanner’s stage 2 of puberty.
• Received at least 12 months of gender-affirming hormone therapy or longer, if required, to

achieve the desired surgical result for gender-affirming procedures, unless hormone therapy is
either not desired or is medically contraindicated.

Baseline assessment Height, weight, blood pressure, general physical examination, sexual maturity rating(SMR)
Baseline investigations CBC, LFT, RFT, HbA1C, Lipid profile, Hormones (LH, FSH, Estradiol, Testosterone, Prolactin,
TSH)
Pubertal suppression treatment • Gonadotropin-releasing hormone analogs (GnRH analogs)

• slow-release triptorelin acetate, intramuscular 3.75 mg every 4 week
• Progestin preparations

• depot medroxyprogesterone
Gender-affirmative hormonal Induction of female puberty Induction of male puberty
treatment • 17β-estradiol (oral) • testosterone esters (IM or SC)

Initiate at 5µg/kg/d and increase every Initiate at 25 mg/m2/2 weeks (or half this
6 mo by 5 µg/kg/d up to 20 µg/kg/d dose weekly)
according to estradiol levels Increase by 25 mg/m2/2 weeks every 6 months
Adult dose: 2-6 mg/day until the adult dose and target testosterone

• 17β-estradiol (transdermal) levels are achieved.
Initial dose 6.25-12.5 µg/24 h (cutting 25 µg Adult dose: 100-200 mg every 2 week
patch to ¼ then ½)
Titrate up by every 6 mo by 12.5 µg/24 h
according to estradiol levels.
Adult dose: 50-200 µg/24 hours

Monitoring Pubertal suppression treatment Gender-affirmative hormonal treatment
• Every 3-6 months height, weight, sitting height, blood pressure, height, weight, sitting height, blood pressure,

Tanner’s stage Tanner’s stage
• Every 6-12 months transgender males: transgender males:

LH, FSH, testosterone, 25OH vitamin D hemoglobin/hematocrit, lipids, testosterone,
transgender females: LH, FSH, estradiol, 25OH vitamin Dtransgender females: prolactin,
25OH vitamin D estradiol, 25OH vitamin D

• Every 1–2 years BMD using DXA BMD using DXA
Bone age on X-ray of the left hand (if clinically Bone age on X-ray of the left hand (if clinically
indicated) indicated)

Gender-affirmative surgical Core procedures in transwomen Core procedures in transmen
treatment • breast augmentation • reduction mammoplasty

• orchidectomy • hysterectomy and  bilateral salpingo-
• penectomy oophorectomy
• vaginoplasty • vaginectomy
• clitoroplasty • phalloplasty
• labiaplasty • metaidoioplasty
• vulvoplasty • scrotoplasty
• corporectomy • urethroplasty
• feminizing urethroplasty • placement of a testicular prosthesis and an

erectile implant/penile prosthesis
Ancillary procedures in transwomen Ancillary procedures in transmen
• hair transplants • mandibular transplants
• advancement of hairline • pectoral/ calf implants
• facial feminizing surgery • facial masculinizing surgery
• rhinoplasty • rhinoplasty
• thyroid chondroplasty and voice • laryngeal and voice affirmative surgery

Contd...
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affirmative surgery • Thoracic shaping
• Thoracic shaping • Abdominoplasty, lipofilling, high-definition
• Abdominoplasty, liposuction, high- body contouring

definition body contouring • Non-invasive aesthetic procedures
• Non-invasive aesthetic procedures

ICD: international classification of diseases, SMR: sexual maturity rating, CBC: complete blood count, LFT: liver function test, RFT: renal
function test, HbA1C: hemoglobin A1c, LH: luteinizing hormone, FSH: follicle stimulating hormone, TSH: thyroid stimulating hormone, GnRH:
Gonadotropin: releasing hormone, BMD: bone mineral density, DXA: dual-energy X-ray absorptiometry. aGonadotropin and sex steroid levels are
assessed for gonadal axis suppression. If the gonadal axis is not completely suppressed, the interval of GnRH analog can be shortened or the dose
increased. Anthropometric measurements and X-rays of the left hand to monitor bone age are for evaluating growth and dual-energy X-ray
absorptiometry scans assess the bone mineral density. bSex steroid levels are assessed to ensure endogenous sex steroids are lowered and
administered sex steroids are maintained at a level appropriate for the treatment goals. Erythrocytosis, hypertension, excessive weight gain, lipid
changes are to be monitored in transgender males while hypertension monitoring in transgender females.

Box contd from pre-page

Speech therapy and voice coaching are integral parts of
care. A “voice and communication specialist” help may be
needed to allow transgender adolescents to converse per their
gender identity.

Gender-affirmation surgery can be only performed when
the transgender has attained the age of legal maturity and
demonstrates the emotional and cognitive maturity required
to provide informed consent. The transgender should be
living in a gender-congruent role for at least 12 months
before undergoing gender-affirmative surgery and the
reproductive options should be discussed before. It is
performed by experts in the field following all legal
provisions and after an explanation of success rates and
complications of various procedures. After treating a person
in a pediatric setting transition to adult healthcare services is
taken care of by the team.

A potentially harmful approach is reparative (conver-
sion) therapy to the gender assigned at birth because negative
reinforcement leads to substantial mental and social health
consequences, thus it is not recommended and is harmful and
unlawful [28, 41].

A few tools are recommended to guide families in the
gender-affirming healthcare journey of their children like,
finding affirming providers-medical team, being prepared to
share, identifying friends and family who can support the
gender journey, finding a support group (like Sweekar: The
Rainbow Parents group), knowing the medications, getting
the proper screenings for long-term health issues, having the
medical history to inform the provider of risk factors and also
guide gender-affirmative interventions, making the child
exercise regularly and maintaining a healthy diet, especially
with hormone therapy, knowing transgender rights to handle
discrimination better and asking questions and building trust
with the medical provider. Pediatricians should lead and
employ the LEARN strategy (L - Look, Listen, and Learn
from the child, the child’s gender identity, E - Educate self,

parents, and society, A - Advocate the rights of the child at
home and educational institution, R - Resource for parents’
children and society, and N- be Non-judgmental) [14].

The issue of transgender (or gender identity) should not
be confused with disorders of sex development, or with
sexual orientation (other than the societal norm of hetero-
sexual orientation). In the future, gender identity may become
another component for screening in the pediatrician’s office
for care of the families in a dignified manner as a spectrum of
gender poles.

RECOMMENDATIONS

• Gender is not a binary concept with male and female
being the two poles, but a whole spectrum exists between
the two which may be a blend.

• Education about gender variation and fluidity should be
incorporated into the school curriculum to develop a
non-binary and inclusive system.

• Acceptance of LGBTQIA+ or transgender-specific
diversity and providing a gender-neutral and affirming
environment with awareness in society.

• Transgender people are prone to face stigma,
discrimination, victimization, and abuse, which can
cause significant physical and mental health issues
leading to a high risk of substance abuse and suicide.

• The gender identity of an individual should be respected
with a sensitive and non-judgmental approach to miti-
gate gender dysphoria.

• Schools, work, and public places should have gender-
neutral restrooms and other facilities for gender-non-
conforming individuals.

• The spectrum of gender identity variation and incon-
gruence should be included as a part of medical educa-
tion to promote training in gender-affirmative practice.
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• Pediatricians dealing with a transgender child should not
presume the gender identity or sexual orientation but
should enquire about the client’s description of self.

• Gender incongruence requires a multi-disciplinary team
approach to deliver affirmative care including a pedia-
trician, child and adolescent psychiatrist, clinical
psychologist, pediatric endocrinologist, gender-
affirming surgeon, and speech therapist.

• Every trans-child will require individualized care,
honoring preferred name and pronouns, and informed
choices about medical gender-affirmative care.

• Medical intervention should only follow the informed
assent of adolescents and the consent of their primary
caretaker.

• Gender-affirmative hormonal intervention and genital
surgery can be done only after the legal age of consent
i.e., 18 years.
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Guidelines for screening and management of congenital hypothyroidism in neonates have been recently updated by the American Academy
of Pediatrics (AAP). This article compares new AAP guideline with the Indian Society for Pediatric and Adolescent Endocrinology (ISPAE)
Guidelines, 2018 and lists the changes in screening, diagnosis, and management of congenital hypothyroidism suggested in the new
guidelines, along with clinical utilization in the Indian scenario.

Keywords: Newborn, Thyroxine, Thyroid stimulating hormone.

UUUUU PPPPP DDDDD AAAAA TTTTT EEEEE

Early detection of congenital hypothyroidism
(CH) through newborn screening (NBS) and
prompt treatment can prevent morbidities [1].
Indian infants are at higher risk of CH (approxi-

mately 1 in 1000) because of ethnicity, increased survival of
very low birth weight (VLBW) neonates, and endemic
iodine deficiency belts. However, countrywide NBS has not
yet been established. The practice guidelines for CH in
India were last given by the Indian Society for Pediatric and
Adolescent Endocrinology (ISPAE) in 2018 [2,3].

Recently, the American Academy of Paediatrics (AAP)
has published the clinical practice guidelines for CH [4].
The important changes in detection, diagnosis, treatment,
and follow-up of children with CH, and its implication for
Indian neonates are discussed in this update. The com-
parison between the AAP-2023 and ISPAE-2018
guidelines are enumerated in Table I.

NEWBORN SCREENING

The new guideline suggests CH-NBS by measuring
primary thyroid stimulating hormone (TSH) in dried blood
spot (DBS), preferably at 48-72 hours of age in all neonates.
In the Indian setup, considering earlier hospital discharge of
term healthy neonates and simultaneous screening of other
metabolic disorders, DBS may be preferred over cord
sample and sampling timing may be preferred at 48-72 hour
rather than after 72 hour of age.  However, in the clinical set-
up with hospital discharge before 48 h or high chance of
failure of recall, cord blood TSH may be considered. The
unit of TSH value may be expressed in whole blood or
serum (serum TSH is approximately 2.2 times the whole
blood TSH), and all TSH values in this article are expressed
in serum units.

Preterm (gestational age < 32 weeks) or VLBW infants
are at risk of transient hypothyroxinemia of prematurity or
delayed TSH rise, so second NBS is recommended at 2-4
week; and gestational age-specific TSH references should
be followed [5]. As the peak period of delayed TSH
elevation is around 8 weeks of age, further retesting after 4
weeks or at 36 weeks post menstrual age (PMA) (whichever
is earlier) is recommended, if second NBS is done at <36
weeks PMA.

When NBS is collected beyond the first week of age, an
age-adjusted TSH cutoff is recommended as opposed to the
fixed TSH cutoff of >20 mIU/L recommended by ISPAE
Table II [5,6]. However, by reducing the TSH cutoff with
age advancement there will be a demand for confirmatory
testing in a large number of neonates to identify a few mild
CH cases [7]. Hence, age-specific TSH cutoff may be used
in individual institutional protocols (targeting not to miss
mild CH cases); and the TSH cutoff > 20 mIU/L may be
adopted in national programs.

New guideline suggests measuring free thyroxine (FT4)
in place of thyroxine (T4) in confirmatory testing to elimi-
nate the false positivity in cases of thyroid binding globulin
(TBG) deficiency. To avoid delay in initiation of treatment
of severe CH cases, levothyroxine (L-T4) supplementation
should be initiated upon NBS -TSH values above 40 mIU/L
(vs NBS-TSH > 80 mIU/L recommended by ISPAE), after
taking the confirmatory serum sample and for any abnormal
TSH ≤40 mIU/L, a confirmatory testing is preferred earliest
within 24 hours.

When the clinical symptoms favor CH, such as a large
posterior fontanelle, macroglossia, umbilical hernia, pro-
longed jaundice, constipation, lethargy, or hypothermia,
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Table I Screening and Management Guidelines of Congenital Hypothyroidism Recommended by the Indian Society for Pediatric
and Adolescent Endocrinology (ISPAE)-2018 and the American Academy of Pediatrics (AAP)- 2023 Guidelines

ISPAE, 2018 [2,3] AAP, 2023 [4]

Newborn Screening (NBS) Sample Cord blood or heel prick dried blood spot DBS -TSH at 48-72 h of age.
(DBS)-TSH on postnatal day 3-5.

NBS-TSH cutoff  for confirmatory test. • TSH >20 mIU/L in both cord blood and • TSH-  age-specific reference.
postnatal NBS > 48 h of age.

• NBS taken 24 - 48 h of age- TSH >34 mIU/L.
Timing of second  NBS for preterm <32 wk, • 2-4 wks of age • 2-4 wks of age
VLBW infant • If second NBS at <36 wk PMA, repeat 4

wk later or at 36 wk PMA, whichever is
earlier.

TSH cutoff for preterm infant TSH reference same as term infant. Gestational age-specific NBS- TSH
reference.

Interpretation of NBS and subsequent action • TSH > 80 mIU/L - Take confirmatory • TSH >40 mIU/L - Take confirmatory
sample, start L-T4. serum sample, start L-T4.

• TSH 40-80 mIU/L, immediate confirmatory • TSH   ≤40 mIU/L - immediate
test. confirmatory  test.

• TSH  20-40 mIU/L - repeat TSH after
7- 10 days.

L-T4 treatment on confirmatory test • Low FT4 (<1.1 ng/dL) or T4 < 8µg/L • Low FT4 and raised TSH
irrespective of TSH. • Low FT4, Normal or low TSH-

evaluation for central hypothyroidism
before L-T4 treatment.

    In mild CH cases • Mild low FT4 (<1.17 ng/dL) or T4 < 10 µg/L
with TSH >20 m IU/L if age <2 wk and
>10 m IU/L if age >2 wk

• Persistently TSH >10m IU/L at age >3wk • TSH >20mIU/L on confirmatory test.
• Persistently TSH >10 mIU/L at age

>4 wk
Mode of administration of L-T4 • Oral L-T4 given at a consistent time and • L-T4 should be administered consis-

manner. tently in the timing and manner of
administration.

• If enteral administration is not possible-
intravenously L-T4 may be given.

• Particular brand or generic preparation
from single manufacturer should use.

Dose adjustment • L-T4  dose should not be decreased with • Downward adjustment may be needed
a single value of T4  above the normal range. to avoid overtreatment, after FT4/TSH
evaluation at 2 wk of age.

Follow-up • T4/FT4 at 2 wks, then, T4/FT4 and TSH - • FT4/TSH - 1-2 wk then every 2 wk
at 1 month follow up. until normal TSH.

• Every 2 monthly up to 6 months • In 1st 6 mo of life in 1-2 mo,
• 6 months-3 years - every 3 monthly then 2-3 monthly from 6 mo - 1 y.
• After 3 years-every 3-6 months. • Between 1-3 y 3-4 monthly.

• After 3 y - every 6-12 mo.
Re-evaluation of thyroid axis • Possibility of transient congenital • Requiring lower dose L-T4 (<2µg/kg/d)

hypothyroidism. • Absence of abnormal TSH levels during
treatment.
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measurement of TSH and FT4 in a venous sample is
advised, even if NBS is normal.

EVALUATION FOR ETIOLOGY

The new guideline emphasizes on genetic testing in primary
CH cases associated with syndromic infants or clinical
features suggestive of a genetic condition or central CH
infants or when genetic diagnosis may influence clinical
management.  As monogenic mutations are associated with
thyroid dysgenesis, dyshormonogenesis or hypothalamic-
pituitary development, genetic testing may help to identify
the etiology of CH [8,9]. Based on regional facility and
financial competence, imaging and genetic testing may be
ordered in individual case basis.

Assessment for Permanence of Hypo-
thyroidism

Presence of thyroid agenesis or ectopia in ultrasonography,
high TSH more than 10 mIU/L after one year of treatment,
or the requirement of a higher dose of L-T4 during the first
year of life are predictors of permanent CH [10,11] as per
AAP guidelines. If the patient is adequately treated with a
low dose of L-T4 (<2 mcg/kg/day), a trial-off L-T4 supple-
mentation should be considered at 3 years of age.

MANAGEMENT AND FOLLOW- UP

Presence of low FT4 irrespective of TSH level (low FT4
and raised TSH, or low FT4 and normal or low TSH-central
hypothyroidism) on confirmatory test, suggest for L-T4
supplementation. Need for L-T4 supplementation in mild

CH is explained by physiological deficit of thyroxine
hormone as per hypothalamic-pituitary axis. In absence of
strong evidence for treatment of mild CH cases, the TSH
threshold for L-T4 initiation is based on expert opinion, and
either ISPAE or AAP guidelines can be followed.

L-T4 tablet should be given in a consistent time and
manner; and preferred from a particular brand or generic
tablet of same manufacturer. Alternatively, intravenous L-
T4 may be used when enteral administration is not feasible
[12]. In CH resistance to L-T4, the addition of liothyronine
(L-T3) has been suggested [13].

AAP gives more priority to close monitoring of serum
TSH and FT4 during the first year of life because of the
relatively rapid growth during infancy, increased metabolic
clearance of thyroid hormone, and risk of overtreatment of
L-T4. The initial downward adjustment of L-T4 may be
attempted after 2 weeks of starting treatment to avoid over-
treatment [14] as compared to suggestion of no downward
adjustment of L-T4 with a single higher level of FT4 in
ISPAE.

These AAP guidelines in a developed country scenario
aimed to eliminate the morbidities from CH inspite of
universal NBS practice and establish the etiology in diag-
nosed cases of CH. Whereas, we herein re-emphasize the
need to implement universal NBS, and ensuring optimal
treatment in diagnosed cases of CH in developing country
like India.
Funding: None; Competing Interests: None stated.
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The October, 1973 issue of Indian Pediatrics included an
article on genetics and diagnostic aspects of short stature [1].
The article provided a logical clinical framework towards
approach to short stature that was congruent to a primary
genetic disorder. In the present era, molecular testing options
have improved our understanding of the
etiology of short stature. The reference
paper [1]; however, provides an insight
into a rational clinical approach for
genetic short stature.

THE PAST

Wadia, et al. [1] reported observations on
62 children who were referred with short
stature (defined as height below 10th

centile). The diagnostic framework inclu-
ded pedigree analysis, developmental
milestones, associated complaints,
anthro-pometry, phenotype evaluation,
radio-logical studies and special
investigations.  The authors excluded
children with systemic disorders and other
conditions where growth failure could be secondary to a
systemic disease.

The most common etiology of short stature was osteo-
chondrodystrophies that was suspected in disproportionate
short stature and confirmed by radiography. A normal clinical
phenotype suggested further work-up for hormonal defi-
ciency that was the second most common etiology. The
authors also identified chromosomal disorders like Turner
syndrome and Down syndrome and a few inherited systemic
disorders like sphingolipidosis [1].

The authors concluded the role of a pedigree analysis in
determining the genetic basis of a disease, also mentioning
alongside the fallacy of a negative family history [1]. Even
though there were limited molecular services available fifty
years back, a good clinical assessment including history,
anthropometry and basic investigations helped achieve a
diagnosis in these patients.

HISTORY

Short stature has always been a broad medical disorder,
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incorporating a wide range of differential diagnoses. The first
few reports of people with significant short stature are of
individuals who participated as artists and courtiers [2]. It
was only later that the physical, psycho-social and mental
well-being of children with extreme short stature (patho-

logical) received priority as a medical
condition suggesting the need for diag-
nosis and treatment. Further research into
neuroendocrinology improved the under-
standing of the growth hormone (GH)-
insulin like growth factor (IGF) axis in
the regulation of growth. Growth moni-
toring was identified as a key process in
pediatric care that provided impetus to
generation of reference growth data.

The isolation of pituitary derived GH
in 1950s, and development of recombi-
nant human GH (rhGH) later in 1980s for
treatment of growth hormone deficiency
(GHD) was a major breakthrough [3].
rhGH is now also approved for use in

non-GHD conditions including small for gestational age
(SGA) with no catch-up, and genetic conditions namely
SHOX gene haploinsufficiency, Turner syndrome, and
Prader-Willi syndrome [3].

THE PRESENT

Height is the most heritable human trait that results with the
cumulative effects of numerous genes. A large number of
single-nucleotide polymorphisms (SNP) have been identi-
fied in genome wide association studies that are common in
the population and account for almost 20-40% inter-
individual variation in growth in different ancestries [4].

The classification of short stature has evolved to
incorporate mechanism of growth failure and the underlying
molecular defects. Over time, novel genetic causes for short
stature have been recognized through accessibility to newer
genetics testing methods. The genetic aberrations in the
pituitary transcription factors (like PROP1, HESX1, LHX3),
mechanisms governing GH release and action through GH
receptors (GHRHR, GHR, GHSR) and signalling molecules
like STAT1, STAT3, are now known [5].
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The standard approach to a child with short stature
includes a detailed clinical assessment and investigations to
exclude common systemic disorders, and diagnose skeletal
dysplasia or hormonal disorders. Genetic testing for short
stature should be offered in children with idiopathic short
stature (ISS) or short stature of undefined etiology, children
born SGA particularly in the absence of maternal disease
and/or placental dysfunction, in those suspected with a
genetic disorder without a clear phenotype, or if there is an
endocrine disorder in which a molecular diagnosis can be
reached like familial GHD [5].

Genetic testing has evolved from simple karyotype and
single-gene sequencing to further look for monogenic
disorders or a specific group of genes. In a large European,
multi-ethnic cohort of pre-pubertal children with ISS, a
search for mutations in genes led to a diagnostic yield of 10%
[6], consistent with other studies where yields ranged from 2-
16.5% [7,8]. A few identified genes include SHOX, ACAN,
NPR2 and genes known to be involved in the GH-IGF-1 axis
[7-9]. The study highlighted the need to maintain a degree of
suspicion for skeletal dysplasias (ACAN, MMP13 mutations)
and chromosomal disorders like Noonan syndrome
(PTNPN11). Advanced molecular investigations including
targeted sequencing [8], next generation sequencing
methods in candidate genes [6-8], and whole exome
sequencing [8], have improved the diagnostic yield to 33% in
ISS. A similar study from India [10] analyzed 455 causes of
short stature and found recognizable genetic syndromes in
the majority (65%) who presented with proportionate short
stature. Lysosomal storage disorders or skeletal dysplasia
were commonly identified in the disproportionate short
stature group. The microarray provided a diagnosis in 50%
cases and next-generation sequencing was helpful in one out
of six cases (16%) [10]. The significance of a meticulous
clinical assessment, pedigree analysis and a systematic
diagnostic work-up was highlighted [10].

CONCLUSIONS

Genetic testing has deciphered new molecular mechanisms
that govern growth and confirm rare genetic disorders with
short stature. This reiterates the need for a judicious clinical
approach in children with short stature that should be

substantiated with genetic testing for a confirmatory diag-
nosis. Targeted gene panels for genes involved with hor-
mones and growth axis are helpful. Similarly, targeted gene
testing for skeletal dysplasia in the presence of a clinical
gestalt provides a confirmatory diagnosis. Next generation
deep resequencing methods have their place in the diagnostic
toolkit, as does exploring the whole exome for novel muta-
tions in both known and unknown genes related to growth.
However, caution should be exercised to avoid an injudi-
cious array of molecular investigations that may not be
rewarding and may instead add to the anxiety of the clinician
and the family.
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Conjunctival Involvement in Infants as an
Unusual Symptom of Omicron XBB.1.16
Driven Surge
We describe clinical characteristics of severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2) infected children during
the XBB.1.16 variant-driven surge in April, 2023 in India. A signi-
ficantly higher positivity rate in young infants than in older
children (37.4% vs 13.3%; P<0.001), and a predominance of
respiratory symptoms were noticed. Notably, non-purulent con-
junctivitis was found in 36.8% of SARS-CoV-2 positive infants.
All recovered with symptomatic treatment as outpatients.
Keywords: Covid-19, Eye, Outcome, SARS-CoV-2.

A new surge of coronavirus disease (COVID-19) cases was
noticed in India from the first week of March, 2023. The
number of daily cases as well as active cases steadily rose
with more than 11,000 cases reported on April 14, 2023, and
the active case tally rose to around 50,000 [1]. A new sub-
lineage of the Omicron variant of severe acute respiratory
syndrome corona virus-2 (SARS-CoV-2) called XBB.1.16 was
behind this surge [2].  According to the latest INSACOG data,
this sub-variant now represents 80% of all the isolates
sequenced and uploaded to their site [3].

This single-centre descriptive study was conducted at a
secondary level, exclusive pediatric hospital of western Uttar
Pradesh, from April 4, 2023, to May 3, 2023, during the surge
of COVID-19 caused by the XBB.1.16 sub-lineage. The study
was conducted to describe the clinical characteristics of
pediatric COVID-19 during this surge. All outdoor pediatric
cases visiting this hospital with a respiratory or febrile illness
were asked to undertake a SARS-CoV-2 reverse transcriptase
– polymerase chain reaction (RT-PCR) or rapid antigen test
(RAT). Both RAT and RT-PCR were employed to confirm a
case. However, all RAT-positive samples were re-analyzed
with RT-PCR to assess cycle threshold (Ct) values. Key
demographic characteristics like age, sex, weight, contact
history, presenting signs and symptoms, and comorbidities
of all these children were recorded. SARS-CoV-2 positive
children were grouped into four cohorts based on their age:
infants (0-11 months), young children (12-59 months), older
children (above 60-143 months), and adolescents (144-215
months).

Out of 258 children with suspected features who
presented during the study period, the parents of 196 (91
younger than one year and 105 older) could get the RAT or
RT-PCR test done for the SARS-CoV-2. Of these, 48 (24.49%)

children had either of these two tests positive.  All these 48
positive cases improved with the symptomatic treatment on
an outdoor basis. The total duration of acute illness was 1-3
days. The detailed clinical features have been described into
two groups – young children (0-59 months) and older
children (60 months and above) (Table I). On sub-group
analysis, it was noted that infants below one year had a
significantly higher positivity rate than older children (37.4%
vs 13.3%, P<0.001).

Like the third wave of COVID-19 in India, this outbreak
also caused mild brief symptomatic illness in children [4,5].
Most affected children only had a mild respiratory illness
characterized by fever, cold and cough that resolves within
one to three days. Acute respiratory symptoms were
prominent in all except six children. Expectedly, symptoms
like headache, muscle pains and body aches, throat pain
were seen exclusively in older children. Unlike the previous
BA.2 Omicron wave in which the gastrointestinal symptoms
predominated in young infants; mainly respiratory symp-
toms were noticed dominating the clinical picture of this
surge [4].  None of the older children complained of anosmia
or loss of taste.

Though, we could not perform genetic sequencing, we
believe that most positive cases represented XBB.1.16 sub-
variant infection. The cycle threshold values for nucleo-
capsid and ORF1ab genes on positive RT-PCR varied from 18
to 23.  Although, we could notice a fine erythematous rash in
three infants, no case resembling the features of multisystem
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Table I Clinical Characteristics of Children With
Coronavirus Disease (COVID-19) in Bijnor, April-May,
2023

Clinical features 0-59 mo (n=38) ≥60 mo (n=10)

High fever (>102 °F) 3 (7.9) 0
Rhinorrhea 26 (68.4) 2 (20)
Conjunctival involvement 14 (36.8) 0
Throat pain 0 2 (20)
Cough 22 (57.9) 6 (60)
Loose stools 6 (15.8) 0
Vomiting 10 (26.3) 2 (20)
Pain in abdomen/colic 11 (28.9) 0
Fine rash 3 (7.9) 0
Myalgia/bodyaches 0 3 (30)
Headache 0 4 (40)

All values in no. (%).
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inflammatory syndrome was seen. Family history of similar
acute illness was present in only four children.

One notable finding of the study was the presence of
itchy, non-purulent conjunctivitis with mucoid discharge and
sticky eyelids in 14 infants (36.8%). This manifestation was
not seen amongst infants during the past COVID-19 waves,
especially in this region; although, frank conjunctivitis was a
common clinical presentation of COVID-19 during the early
part of its emergence in some regions [6]. Later, this clinical
sign was not considered to be a key finding of COVID-19.
Many respiratory viruses like adenovirus, influenza, RSV,
measles, etc are more commonly associated with conjunc-
tival involvement [7]. However, unlike in these viral infec-
tions, the conjunctival affliction was mild and not associated
with marked redness and purulent discharge in the current
outbreak. One limitation of the current study is the inability to
test all children with suggestive symptoms.
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Urachal Anomalies During
Infancy: A Case Series

Persistent embryonic remnants of allantois represent urachal
anomalies. Incomplete involution at either end can give rise
to patent urachus, umbilical-urachal sinus, vesicourachal
diverticulum, and urachal cyst. We came across a series of
urachal anomalies during a 6 months period at a tertiary
hospital with 1500 deliveries annually. This clinical
encounter with a presumed rare entity triggered the review of
evidence, focusing on presentation and management. Pare-
ntal consent was obtained for reporting non-identifying data.

The individual presentation is elaborated below and
summarized in Table I.

Case 1: Ultrasonography of the abdomen done during the
fourth week of life for a preterm female (30 weeks 2 days)
with delayed detachment of the umbilical cord (Fig. 1A),
showed a 24 mm long hypoechoic tract, extending from the
umbilicus to the dome of the urinary bladder. Excision and
umblicoplasty was advised by surgeon. Surgical explo-ration
ruled out patency at the level of bladder. Histopatho-logy of
the excised tract showed fibro-myxoid tissue with blood
vessel, muscle bundle, and lymphoplasmacytic infiltrate,

consistent with an urachal remnant. She made a quick
recovery post operatively.

Case 2:  An 18-days-old presented with features of
omphalitis (Fig. 1B1). Antibiotics were started after sending
septic workup. Peculiarly wide and wet appearance (Fig.
1B2) intrigued the need for ultrasonography which showed a
29.4 mm inflamed hypoechoic tract from the umbilicus to the
bladder. Repeat ultrasound after 5 days showed increased
collection (size 34.9 mm) consistent with clinical worsening
and rising inflammatory markers, confirming a complicated
urachal sinus. Pus was drained and the infected sinus excised
surgically. She was discharged as her clinical condition
improved on antibiotics as per culture sensitivity pattern.

Case 3 and 4:  Routine visit at 6 weeks drew attention to
peculiar appearance of umbilicus (Figs. 1C, 1D). Ultrasound
confirmed the UA , managed conservatively.

Case 5:  A late preterm with purulent umbilical discharge,
and polypoid structure (Fig. 1E) within the umbilicus
presented at 1 month. Ultrasonography showed a small
urachal sinus, which was managed conservatively.

Case 6: A 1-year-old boy with intermittent umbilical dis-
charge had a wet-appearing, erythematous umbilicus with a
tubular structure at the base (Fig. 1F). Ultrasonography

Fig. 1 Spectrum of abnormal appearance of umbilicus as an indicator of  underlying urachal anomaly. a) Case 1: wet appearing umbilical
stump with failure to separate at the base even at 3 weeks of age; b) Case 2: wide, swollen umbilicus with periumbilical erythema and
induration in a neonate; c) Case 2: reddish granuloma like structure at the base of the umbilicus at 6 weeks of age; d) Case 3: granulomatous
structure at the base of umbilicus at 6 weeks of age; e) Case 4: small pinkish polypoid structure seen within the umbilicus in a 1 month infant;
f) Case 5: a small tubular structure seen at the base of wet appearing umbilicus in an infant; g) Case 6: small polypoid structure seen at the
base of the umbilicus at 4 weeks of age.
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revealed a well-defined, anechoic, thin-walled urachal cyst.
He was treated with a short course of oral antibiotics.

Case 7: A small urachal sinus was detected incidentally on
the scan done at 4 weeks of age for inguinoscrotal swelling. A
subsequent umbilical examination revealed a small polypoid
structure at the base (Fig. 1G).

Urachal anomalies have been visualized in 99% of the
asymptomatic children screened using abdominal ultra-
sonography [1]. Whereas, in a population based study from
Canada, 1% of all screened patients were noted to have a
urachal remnant, with a male preponderance [2,3].  Urachal
anomalies are often detected incidentally [4]. The size,
location, and the age of the patient determine the clinical
presentation. Typically, a patent urachus manifests at birth,
while the others tend to be asymptomatic or present later
[3,5]. Symptoms range from umbilical discharge, urinary
leakage, polyp or granulation tissue to abdominal dis-

comfort, swelling, fever, and recurrent urinary tract
infections [4]. A detailed physical examination along with
imaging can establish the diagnosis in most cases [6]. We
found an atypical appearance of the umbilicus in form of
wide diameter, persistent granulomatous or polypoid
structure at the base, edematous or wet appearance, and
delayed stump healing as pointers to underlying urachal
anomalies, akin to a previous report [7].

Plain ultrasonography is the best screening modality with
a high diagnostic accuracy of 90% [6]. UA are seen as
luminal, hypoechoic structure visualized till the level of
bladder; while the normal obliterated urachal remnant
(median umblical ligament) is visualised as a non-luminal
fibrous grey band [3]. Patent vitellointestinal (VI) duct is an
important differential diagnosis seen as a tubular, fluid filled
structure with a blind end. Asymptomatic urachal remnants
which are smaller than 22.5 mm in length (95th centile) can
be considered physiological [1]. Infection is the most

Table I Clinical, Radiological, and Management Details of Babies With Urachal Anomalies

Case Age at GA Gender Presentation Length, Differential Final Management
diagnosis (wk) width   (mm) diagnosis diagnosis

1 3 wk 30 + 2 female Delayed cord detachment 24, 11.5 Patent urachus, Symptomatic Surgical  excision
beyond 3 wk of age, wet omphalitis urachal sinus done for failure of
appearing stump cord healing.

Discharged home
after feeding transi-
tion and  weight gain.

2 18 d 38 + 1 female Umbilical swelling, pus 34.9, 18 Omphalitis Complicated Surgical drainage and
discharge and irritability urachal sinus excision, pus culture

grew MRSA. Doing
well on follow-up.

3 6 wk 37 + 2 male Umbilical granuloma 10.5, 5 Umblical Small urachal Managed
with bleeding granuloma sinus conservatively,

follow-up scan at 3
mo age confirmed
obliteration.

4 6 wk 38 + 2 female Asymptomatic 13.1, 11 Umblical Small urachal Managed
polyp sinus conservatively

Follow-up scan at 3
mo of age confirmed
obliteration.

5 4 wk 36 +3 male Umbilical discharge, 10.7, 9 Umblical Small urachal Oral antibiotics and
erythema, and small polyp sinus close follow-up.
pinkish polypoid structure Resolution at 6 mo on

review scan.
6 1 y 39 male Intermittent umbilical 5, 4.5 Omphalitis Small urachal Oral antibiotics and

discharge  cyst under close follow-
up.

7 4 wk 35 + 4 male Asymptomatic, incidental 8, 5.5 Umblical Small urachal Resolved on
finding granuloma sinus follow-up.

MRSA: methicillin resistant staphylococcus aureus.
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common complication of urachal anomalies, followed by
urinary tract injury, hemorrhage, rupture, bowel obstruc-tion,
and malignancy [4,5], with up to  25% of cases of patent
urachus having an underlying bladder outlet obstruction [8].

In the absence of consensus guidelines, the usual practice
is to intervene surgically to avoid the risk of complications,
recurrent infection, and possible malignant transformation.
However, there has been a gradual shift towards a
conservative approach for most forms of urachal anomalies
[9]. Researchers have reported spontaneous regression in
majority of the cases younger than 6 months, children being
at lower risk for morbidities. A proposed treatment algorithm
[9] also advocates conservative mana-gement in most cases.
The risk of malignant transformation, primarily adeno-
carcinoma appears very low to justify elective excision [10]

Our experience supports that urachal anomalies are
under-diagnosed and most remnants obliterate during
infancy. Abnormal appearance of the umbilicus can be an
indicator of underlying urachal anomalies. However, any
infant with suspected urachal anomalies should undergo
screening ultrasound with complete evaluation of the
genitourinary tract. Pediatric healthcare professionals
including surgeons need to be cognizant of the possible
complications and evaluate each case with a meticulous
physical examination. Initial management should consist of
observation irrespective of its presentation. Follow-up every
3-6 months till 5 years may be necessary to detect possible
complications at the earliest [9]. Early detection with timely
elective surgery when conservative approach fails is the
preferred management strategy.
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Hematemesis: A New Manifestation of
Adenovirus Infection?

Adenovirus belongs to the adenoviridae family, and is a
double stranded DNA virus, which is known to cause very
mild to moderate respiratory illness in the healthy, and can
lead to moderate to severe illness in the vulnerable and
immuno-compromised [1]. We discuss the clinical features
of seven children who presented with hematemesis and
associated respiratory symptoms, who later tested positive
for adeno-virus infection on reverse transcriptase-
polymerase chain reaction (RT-PCR) sample of their
respiratory swabs. None of these children had a significant
drop in their hemoglobin or needed admission to intensive
care. There was no history of excessive non-steroidal anti-
inflammatory drug (NSAID) usage elicited from the parents,
and none of these children had any comorbidity.

We prospectively analyzed data in children who under-
went emergency upper gastrointestinal endoscopy (n=23)
for hematemesis at our tertiary care children hospital during
February-April, 2023. Seven children, who had severe
erosive pan-gastritis endoscopically, tested positive for
adenovirus in the respiratory PCR swab (BioFire Res-
piratory 2.1 Panel, Biomériux Inc.), done as part of the
associated respiratory symptoms. These children were
treated with intravenous proton pump inhibitors (PPI) and
discharged home on oral PPIs, as there were no further
episodes during the next 48 hours of observation. Upper
gastrointestinal serial biopsies (esophagus, antrum and
duodenum) had no abnormalities, and did not show any viral
or inclusion bodies. The hematological parameters were
normal for cell counts, red  blood cell indices, liver function

tests and coagulation profile.

These children were all previously well, had no co-
morbidities, did not consume or had an overdose with
NSAIDs, and their nutritional status was within normal
limits. The mean age of this cohort was 7.8 years, male to
female ratio was 3:4, and none had any previous gastro-
intestinal symptoms. The average hemoglobin in our cohort
was 11.7 g/dL.

Upper gastrointestinal endoscopy in these children was
indicated due to the sudden onset of hematemesis in
previously well children. All children were hemodyna-
mically stable before and after endoscopy/and none needed
blood transfusion during their hospital stay. All children were
well on their follow-up visits with negative stool occult
blood.

Only isolated reports of a possible association between
adenovirus and hematemesis have been reported previously
[2,3]. We have presented these cases to suggest a possible
association between adenovirus infection and hematemesis,
which may need confirmation by larger prospective studies.
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Confounding Factors Influencing
Growth

We read with interest the article on growth parameters in
adolescents [1], and would like to point few observations
regarding the study.

There are numerous unaccounted confounding factors
that could have influenced the observed growth patterns like
duration since the last relapse, the cumulative relapse-free
interval, the current use of steroids and the duration of last
consecutive steroid-free periods. Furthermore, the study
missed capturing the baseline anthropometric parameters of
the participants, which are arguably the most significant
variables affecting the outcome measures. These parameters
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would have been essential for comparing current
anthropometric data. A more comprehensive assessment
including mid-parental height, bone age, and the evaluation
of pubertal status using SMR staging would have provided a
clearer picture of the participants’ growth potential and could
have identified physiological variations. Therefore, there is a
risk of over diagnosing pathological stunting in the studied
population.

The usage of WHO growth charts for adolescents in this
study could have led to overestimation of short stature and
underweight. Instead, our population-specific IAP growth
charts, would have provided a more accurate assessment for
Indian children [2]. Several studies have emphasized the
importance of utilizing appropriate and population-specific
growth charts for the correct identi-fication of growth
abnormalities [3].

The authors used the BMI cut-offs of >+1 z and >+2 z
scores for defining overweight and obesity, respectively, as
opposed to IAP growth chart BMI cut-offs of 23rd and 25th
adult equivalent centiles which correspond much lower BMI
z scores (+0.55 z for males and +0.67 z for females for
overweight and, +1.33 SD for females and +1.63 SD for
females for obesity), which would have led to the under-
estimation of their respective prevalence. As it is well-
documented that Indian children tend to have higher central
adiposity compared to Western populations and are at a
higher risk of cardiovascular morbidities and hence have
lower BMI cut-offs.

The authors have concluded that 32.7% prevalence of
short stature among adolescents with nephrotic syndrome at
their center was high, without comparing it to a normal
population. However, previously published population-
specific data have shown even higher rates of stunting in
“normal” adolescents, ranging from 25-51% [4].
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We would like to thank the authors of this correspondence for
their interest in our manuscript. Our study design was a cross-
sectional study and hence has its inherent bias; baseline pre-
treatment anthropometry was not available for analysis in
majority of children. While we agree that constitutional and
familial short stature could be contributory to some degree,
these factors are relatively minor when one considers the
high cumulative steroid-dose intake with median duration of
steroids being 99 (70, 111) weeks, which is very likely
capable of growth-retardation [1,2], being much higher than
other studies [3, 4]. While some studies have demonstrated
catch-up growth during the periods on lower doses of
prednisolone, most of this preserved growth was seen at
prednisolone doses below 0.25 to 0.75 mg/kg/day [3, 4].

However, cumulative steroid dose alone did not show
discriminatory ability in predicting the short stature in our
study population unlike some previous studies [2]. These
findings could be explained by additional confounding
factors like duration of steroid therapy, duration since the last
relapse, the cumulative relapse-free interval, the current use
of steroids, the duration of last consecutive steroid-free
periods, duration of daily continuous vs alternate-day
steroids, different susceptibility to steroids, and variability of
pharmacokinetics. Also, the pubertal growth spurts in similar
group of children have been previously demonstrated to be
attenuated and delayed [5], though the same was not done in
the index study which could have further shed insights on
growth patterns. We acknowledge these factors as
limitations.

Our objective was to measure linear growth (height z
scores) and BMI z scores in adolescents with idiopathic
nephrotic syndrome (INS). Since the upper limit of the
enrolled adolescents was 19 years, WHO growth-charts
were chosen for defining primary outcomes (height z score
and BMI z scores). The additional data (weight-for-age z
scores for 5-18 years) were expressed as per IAP growth-
charts in the absence of reference data beyond 10 years in
WHO growth charts. We acknowledge that the proportion of
children diagnosed to have short stature might be marginally
high in using different growth charts; but these children need
careful growth monitoring and a chart with higher sensitivity
might be more beneficial. The combined prevalence of
overweight and obesity as per WHO (27.5%) and IAP charts
(30.1%) was not statistically different in our study. Also,
being a high-risk population who had received steroids for
long duration, comparing them with physiological short
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stature in general population was not considered appropriate.

Availability of data on pre-treatment baseline anthro-
pometry, genetic potential of the child and pubertal growth
spurt would have provided a more detailed picture on growth
parameters in adolescents with INS; however, being a cross-
sectional study, we reported only the prevalence of short
stature, overweight and obesity at our canter; with
appropriate acknowledgment of limitations.
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Nirsevimab to Prevent Severe RSV Infection

The American Academy of Pediatrics has just recommended the
use of Nirsevimab for all infants under 8 months entering their
first respiratory syncytial virus (RSV) season. This is not a
vaccine but a long acting monoclonal antibody. It binds to a
prefusion F protein of the virus preventing entry into humans.
Besides infants it has also been recommended for children
between 8-19 months entering their second RSV season if they
are immuno-compromised, have chronic lung disease of prema-
turity or lung disease due to cystic fibrosis.

This is a single intramuscular injection unlike the previously
available monoclonal antibody palivizumab which needed to be
given monthly for the 5 months of the RSV season between
October and March. Phase 3 clinical trials in 1490 African
infants published in 2022 demonstrated a 73% decline in the
number of lower respiratory tract infections due to RSV though
the number of hospitalizations were not significantly different.

Monoclonals are effective in prevention of severe disease in
children but not in geriatrics because of the larger doses required
in adults. An effective vaccine for RSV is still awaited. (Centers
for Disease Control; 3 August, 2023)

Indian Doctor Wins Ramon Magsaysay Award

No one expected the head of surgical oncology in Adyar Cancer
Institute in Chennai, Dr Ravi Kannan to leave the hustle and
glamour of a metro to relocate to a remote town in Assam at 42
years of age. Till then he had followed a rather humdrum path of
graduate medical education in Tamil Nadu, post-graduation in
Delhi, followed by an MCh in Surgical Oncology in Chennai. In
early 2006, the director of the Cacher Cancer Hospital &
Research Centre (CCHRC), Silchar, Assam started interacting
with Kannan and referring him patients. Much to Dr Kannan’s
surprise he then invited him to relocate to Silchar as the Director
of CCHRC. Despite many misgivings regarding the risk of
insurgency and communal riots in Assam, his family supported
his decision to translocate.

It has been a long road in CCHRC over 17 years from 23
employees to 451. From a hospital with limited facilities when
he came on board, it now has 28 departments covering
Oncology, Pathology, Radiology, Microbiology, Epidemiology,
Tumor Registry, Palliative Care, and other services and
specializations.

He has transformed cancer care in Assam by persistent
patient education, subsidizing costs and building a network of
peripheral hospitals which take health care to the doorstep of the
patients.

This year he has been awarded the Ramon Magsaysay Award
2023 for “his combination of skill, commitment, and compassion
in pushing the boundaries of people-centered, pro-poor
healthcare and cancer care, and for having built, without
expectation of reward, a beacon of hope for millions in the

Indian state of Assam, thus setting a shining example for all.”
(The Indian Express; 9 September, 2023)

Chimeric Human-Pig Kidneys

There has been an interesting breakthrough to overcome
shortages in organ transplants. Scientists in China have been able
to grow humanized kidneys in pig embryos. It is a first for a solid
organ with both human and animal cells to grow inside another
species.

The procedure is complex to say the least. First pig embryos
are subjected to CRISPR/Cas9 gene editing technology at the one
cell stage to remove the 2 genes required for kidney formation.
Once the embryo starts developing, human induced pluripotent
cells (iPCS’s) are introduced into the appropriate position. Usually
human iPC’s are often doomed to destruction in this alien environ-
ment. This is overcome by further tweaking their genes to avoid
apoptosis.

Researchers from Guangzhou Institute of Biomedicine and
Health experimented on 1800 embryos which were implanted in
surrogate sows. On day 28 they harvested 5 embryos to check the
development. All five had fully developed kidneys with 50-60%
human cells. It is possible that further in gestation the percentage of
human cells may increase. Ideally a 100% human kidney will be
perfect for organ transplants. Another finding in the study was the
development of some human iPC’s into neural cells. This needs to
be corrected since it may have ethical repercussions in the long
term.

This development is a big advance in the science of organ
transplant with a ripple effect in all spheres. (Science News; 7
September, 2023)

Smart Bandages for Wound Healing

Given the giant strides medicine has taken, the way we treat
wounds is antiquated. A mere shielding of the wound with no real
time monitoring of whether sepsis, bleeding or gangrene is setting
in, seems bizarre in today’s world.

Now across the world scientists are racing to develop an
artificial intelligence enhanced smart bandage. These paper thin
special materials will be embedded with sensors which monitor
bleeding, infection and the progress of wound healing. They will
have the ability to alert the physician and maybe even intervene
with medications or other laser pulses. Some will be capable of
monitoring temperature, pH, oxygen content, glucose, proteins etc.
Tiny cameras will take pictures which are evaluated using AI to
assess healing. Some even have light emitting diodes which emit
ultraviolet rays and aid in reducing infection rates. Electric stimuli
to enhance healing has also been experimented with, and phase 1
trial in rodents have been successful and further work is on to bring
it to the bedside. (Medscape News; 6 September, 2023)
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Dextromethorphan antitussive efficacy in children with
acute cough due to common cold (Pediatr Pulmonol.
2023;58:2229-39)

A variety of home remedies and pharmacological treatments are
available to mitigate or suppress cough. However, high quality
evidence in the form of randomized controlled trials demonstrating
the effectiveness of these treatment options is lacking. Efficacy of
dextromethorphan hydrobromide (DXM), a nonopioid cough
suppressant was demonstrated in this multiple-dose, double-blind,
placebo-controlled, randomized, pilot clinical study conducted in
children, aged 6-11 years, with cough due to the common cold. 128
children (aged 6-11 years), experiencing acute onset cough due to
common cold, were enrolled and fitted with the VitaloJAK cough
counting monitor, which recorded continuous digital audio.
Subjects received DXM (7.5 mg/5mL) or placebo syrup every 6-8
h for nine doses, apart from acetaminophen as needed for pain or
fever. Total cough count over the first 72 h of treatment was noted.
They reported a 21% reduction in the 24 h cough frequency for
DXM group in comparison to placebo, while the daytime cough
frequency was reduced by 25.5%, both were statistically signi-
ficant. In the secondary outcomes, the DXM group also had a
statistically significant greater reduction in cold severity than the
placebo group (P=0.025), while the adverse effects profile
remained comparable between the groups. The authors note that
these treatment effects are clinically more relevant in children, as
reductions in daytime cough rates with DXM relative to placebo
(<~20%-30%) was much more than reduction observed in adults
(<~13%). Therefore, they concluded that DXM antitussive
efficacy was shown in children using objective and subjective
assessment tools validated in pediatric populations. Diurnal
variation of cough frequency over 24 h reduced the assay
sensitivity needed to detect treatment differences at nighttime, as
coughs/hour decreased during sleep for both groups. The strengths
of the current study are its prospective nature, placebo controlled
randomized design, and implementation of validated assessment
tools which could enable accurate determination of the antitussive
efficacy of DXM.

Characterizing the phenotypes of prematurity-associated
lung disease (Thorax. 2023;78:895-903)

This prospective study was done with the aim to characterize
phenotype of prematurity associated lung disease among preterm
born children. 768 children between 7-12 years, including 565
children in the preterm group (gestation <34 weeks) and 203
children in the term (gestation >37 weeks) group, were invited to
join for home or hospital visit to obtain perinatal and respiratory
history, anthropometry measurements, fractional exhaled nitric
oxide (FENO) measurement, and lung function test using
spirometry before and after bronchodilator administration.
Based on abnormality in spirometry variables, children were

categorized into four phenotype groups. The Preterm group was
divided into two groups: group one (16.7%) with FEV1 < lower
limits of normal (LLN) and group two (83.3%) FEV1>LLN.
Preterm children with FEV1<LLN were further classified into
(7.7%) Obstructive phenotype (prematurity associated
obstructive lung disease, PLOD) with FEV1/FVC <LLN and
(9.0%) PRISm phenotype (prematurity associated preserved
ration of impaired spirometry) with FEV1/FVC>LLN. The
preterm PLOD group was further divided into PLOD reversible
(4.4%) and PLOD fixed (3.3%) based on the bronchodilator
reversibility test. Preterm children with FEV1>LLN and FEV1/
FVC<LLN were classified as pDysanapsis group (5.9%), and
remaining preterm children whose FEV1>LLN, FEV1/FVC>
LLN were considered as the control group (77.4%) for preterm.
PLODS reversible group children had more FENO levels,
bronchopulmonary dysplasia (BPD), and intrauterine growth
restriction, whereas the PLOD fixed group was associated with
BPD.  pDysanapsis group children had bronchodilator response,
increased FENO, and were associated with postnatal weight
gain. PRISm group showed bronchodilator response. The author
concluded that by identifying the phenotype of prematurity-
associated lung disease, long-term outcomes can be improved by
providing targeted therapy.

Dexamethasone vs methylprednisolone for critical asthma
(Pediatr Pulmonol. 2023;58:1719-27)

Qualitative data reveals 96% of pediatric intensivists prescribe
intravenous methylprednisolone using clinical experience as the
basis for preferred drug and dosage and only few prescribe
dexamethasone in patients presenting with acute severe asthma.
The authors did a single center, open-label, two-arm, parallel-
group, nonrandomized trial among children aged 5-17 years
hospitalized in the PICU for critical asthma and compared the
clinical efficacy and safety of dexamethasone vs methyl-
prednisolone. 31 children (intervention arm) received intravenous
dexamethasone 0.25 mg/kg/dose (max: 15 mg/dose) every 6 h for
48 h and 61 children (standard care arm) received intravenous
methylprednisolone 1 mg/kg/dose every 6 h (max dose: 60 mg/
dose) for 5 days. They found that regarding efficacy and safety
endpoints, no differences were noted in hospital length of stay,
continuous albuterol duration, adjunctive asthma intervention rates
or corticosteroid-related adverse events. Compared to the inter-
vention arm, participants in the standard care arm were more
frequently prescribed corticosteroids at discharge (P<0.001). They
concluded that among children hospitalized for critical asthma,
dexamethasone appears safe and warrants further investigation to
fully assess clinical efficacy and potential advantages over
commonly prescribed agents such as methylprednisolone.

AMIT DEVGAN
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Cystic gum swellings were seen in a full-term newborn
(gestation 40 weeks, and birthweight 3600 g) at birth. These
were one cm sized oval in appearance and with a smooth
surface. These swellings commonly known as gingival cysts,
are benign in nature and regress by three months of age. They
do not interfere with future tooth eruption or feeding. These
are inclusion cysts similar to Bohns nodules over gums or
Epstein pearls over hard palate.

Gingival cysts are usually small cysts; however, the
index infant’s oral lesions were larger than reported. They
often occur as solitary cystic swellings on the alveolar edges
or gums or base of tongue. These are also known as dental
laminar cysts as they are lined by odontogenic epithelia
containing dental lamina and keratin. These are prone to be
confused with impacted or uninterrupted tooth in a newborn.
No treatment is required in most cases as they regress spon-
taneously. Parental reassurance is of importance.  Definitive
diagnosis is by histopathology, which shows keratin and
islands of dental laminae.

ANISHA ROSILYN ABRAHAM,1 CHETAN KHARE2

Departments of 1Pediatrics and 2Neonatology
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Gingival Cysts at Birth
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Fig. 1 Two midline gingival cysts in a fullterm newborn at birth.

This book is a sincere attempt on a
very important and vital topic. The author has made a good
attempt to compile various basic issues and information. This
is the third edition and additional details have been included.
However, some of the topics could have been restricted or
merged. The Consumer Protection Act (CPA) 1986 should
have been curtailed with more emphasis on CPA 2019. There

is also a lot of overlap between the MCI Act and National
Medical Commission. Some of the important references are
from the Internet or Facebook, which may have questionable
credibility or authenticity.

In the present era when numbers of readers of any book
are decreasing, this book has adequate features to maintain
the interest of the readers. Proper editing would have
provided more relevant information. Many books are now
available on these topics, but this one stands out for being a
comprehensive, solo author book for the beginners to have
awareness about medico-legal issues.

SATISH TIWARI
Dr PDM Medical College,

Amravati, Maharashtra.
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All India Institute of Medical Sciences,
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Law and the Doctor

DR. SUNILA SHARMA
Paras Medical Publishers, 2023
Pages: 476; Price: 501/-.
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