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IAP Guidelines for
pediatric skincare

state that the newborn skin undergoes

various structural and functional changes”

Use of appropriate evidence-based
skincare practices are important?

Protect the infant skin barrier function with safe,
appropriate, and evidence-based products
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Evidence-based skincare regimen

Cleansing regimen Moisturizing regimen

As mild as pure water Helps maintain the Improves the skin Helps enhance the skin
to maintain the skin skin barrier function® barrier integrity®’ barrier function for
barrier function®* moisture retention®
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“Frcen birth to the first five years of life
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CORPORATION thermometer: TAT-2000

The 7 advantages of the
Temporal Artery Thermometer

1. Very accurate

2. User-friendly

3. Very fast

4. Effcient

5. Comfortable

6. No caps needed

7. Can be cleaned with alcohol cloth

Changing the Way the World Takes Temperature

Clinical accuracy of * 0.1°F - Temperature range of 60-107.6°F - response time ~ 0.04 sec - FIVE YEARS warranty

More info on the Temporal Artery Thermometer

#1 preferred thermometer used by pediatricians in the USA
Supported by more than 100 clinical studies
Exergen also has a high-performance model: the TAT-5000

For more details you can contact:
Dr. Pushpa Goyal - Marketing Manager Exergen India | +91 98114 24550 | drpushpa@exergen.com

www.exergen.com
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Balanced & Complete Nutrition
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V-TOTAL

Vital Nutrients to Maximise Growth, Minimise Illness

5 ; Supports balanced growth
Boosts immuni
ty & development
Vit-A, Vit-E, Vit-C, Vit-B6, Vit-B12, Vit-C, Vit-B1 & Zinc =
Zinc & Copper i G

Helps sharpen memory & z :
enhances concentration Stimulates appetite

Vit-A, Vit-E, Vit-B2, Vit-C, Zinc,
Vit-B6 & Vit-B12
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PRESIDENT’S PAGE

Adolescence: No Timeto Sleep

REMESH KUMARR
President, Indian Academy of Pediatrics 2022
drremesh2006@yahoo.com

he sight of an infant enjoying blissful sleep is
universally accepted as the ultimate symbol of
peace, contentment and happiness. Each of us
will have passed through this phase of life only
to find ourselves struggling with sleep throughout the
latter parts of our lives. How often dowewonder: “1 wish|
could sleep like that now!” For awide variety of reasons,
deep quality declines as we age. This begins to show up
as early as in adolescence, with teenagers missing sleep
while loving to describe themselves as ‘nigh owl’s. All
this, only to spend the entire weekend oversleeping lazily.
Parents often overlook thisissue, attributing it to teenage
fancy, littlerealizing that thiscan havealifelongimpact.

So what exactly happens during teenage that makes
adol escents behave thisway? Thetriggering mechanisms
for change in sleep habits may be biological in nature.
Children experienceanatura shiftin circadian rhythmwith
age[1]. Thismakesit moredifficult for themtofall adeep
before11 PM [1]. At thisstage of life, several environmental
and biological factors may affect both the circadian and
homeostatic regulation of deep. During theteenyears, the
body’s internal sleep clock is reset to fall asleep later at
night and wake up later in the morning. This happens as
teen brains make melatonin later at night than younger
children or adults. Sometimes, thisdelay inthe d eep-wake
cycleissevereenough to affect theroutinedaily activities
[2.

THE NEED FOR SLEEP

Sleep is an essential part of everyone's routine and an
indispensable part of a healthy lifestyle. It helps us to
recharge and regain our energy for the day after. Humans
have adapted to a system of deeping at night and
remaining active during the daytime. Disturbance in this
pattern not only affectsour performance potential but also
makes us misfitsin the performance-driven world that we
livein. Sleep is a physiological necessity that we cannot
afford to overlook. Lack of adequate sleep in the general
population isafrequent complaint that we come acrossin
socid life.

Sleep playsacrucial roleinthe development of young
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minds. In addition to having adirect effect on happiness,
research shows that sleep impacts alertness and atten-
tion, cognitive performance, mood, resiliency, vocabulary
acquisition, and learning and memory. Sleep aso has
important effectson growth, especially inearly infancy. In
toddlers, napping appears to be necessary for memory
consolidation, executive attention, and motor skill
development [3].

While common childhood sleep disorders like night
terrors and nightmares, somnambulism and bruxism,
snoring, sleep apnea, and restless legs syndrome are well
documented, adolescent sleep disorders have not
received their due. Sleep deprivationisassociatedwitha
variety of health problems, including physical health
conditions such as high blood pressure and obesity, and
mental health conditions such as anxiety and depression.
Among teenagers, sleep deprivation is associated with
poor academic performance and increased emotional and
behavioral issues. Adolescence being a particularly
important period of neural development and brain
maturation, insufficient sleep during this developmental
period can lead to long-lasting difficulties such as
cardiovascular risks.

TheAmerican Academy of Pediatricsrecommendsthe
following duration of sleep for different age groups [4].
Children 1-2 years: 11-14 hours; children 3-5years: 10-13
hours; children 6-12 years: 9-12 hours; and teenagers 13-
18yearsold: 8-10 hours. Sleep problemsare estimatedto
affect 25 to 50 percent of children and 40 percent of
adolescents.

WHAT NEEDS TO BE DONE?

Sleep disorders in children, especially adolescents, may
rarely get referred to the practicing pediatriciansand may
seemclinically irrelevant. Therearea sonoclinical toolsto
address such issues. However, behavioral problems may
serve as pointers to the backdrop of sleep deprivation
looming behind adol escence. When confronted with such
cases, thebest way for the clinician to be of help would be
to provide informed advice regarding the importance of
sleep and provide useful suggestions to achieve the
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required sleep. Sometipsto recommend for better deep:

K eep the bedroom dark, cool, and quiet to create the
ideal setting for sleep.

DonotkegpaTV or video gamesysteminthebedroom
toavoid distraction.

About an hour before bedtime, put away homework
and turn off all screens(TV, computers, and handheld
devices). Turn off or silence cellphones.

Try arelaxing bedtimeroutinelikereading, listening to
music, or meditating before going to sleep.

Avoid caffeine (found in coffee, tea, soda, energy
drinks, and chocolate) in the late afternoon and
evening.

Get regular exercise (but not too closeto bedtime).

If very tired during the day, take ashort nap (lessthan
an hour) in the early afternoon. Longer or later naps
makeit harder tofall adeepat night.

Relate good sleep to benefits such as a calm mind,
improved academic performance, active participation
in sports and hobbies, and avoiding errors at work or
accidentswhiledriving or playing sports.

Encourage early morning activities like breakfast,
sportsor being ahead of othersinwork or studies.

PrESIDENT’ SPAGE

The issue of deep is also one of the highly relevant
topics that pediatricians can pick for advocacy. Pedia-
triciansin positions of |eadership or inthemassmediacan
highlight theimportance of sleep in public speeches, talks
and TV discussions. Thetopicissimpleand easy torelate
for the general public, and solutions can be applied at
homes by parentsand children.

Funding: None; Competing interests: None stated.
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INVITED COMMENTARY

Growth Falteringin Small and Sick Newbor n Infants: Doesit M atter ?

ZULFIQARA BHUTTALZ
1Robert Harding Chair in Global Child Health & Policy, Co-Director & Director Research, SickKids Centrefor Global Child
Health, The Hospital for Sick Childrens; 2Distinguished University Professor & Founding Director, I nstitute for Global Health &
Development, The Aga Khan University, South Central Asia, East Africa & United Kingdom, Karachi 74800, Pakistan.
Correspondence: Prof. ZA Bhutta, Departments of Paediatrics, Nutritional Sciencesand Public Health, University of Toronto,
SckKidsPeter Gilgan Centre for Research and Learning, 686 Bay Sreet, Toronto ON,M5G A04, Canada.
E-mail: zulfigar.bhutta@sickkids.ca

n an important prospective study, Joseph, et al.[1]
describe the depreciation of growth (mainly weight
for age z-scores using the Intergrowth 21 standards
for preterm infants) among small and sick new-born
infants [2]. These infants represented 31% of al
admissionsto public sector newborn carefacilitiesintwo
districts of Himacha Pradesh. The authors describe
growth faltering among 30% of term infants and 52.6% of
preterm infants between 1-4 months of discharge from
hospital's, underscoring inadequate recognition and inter-
vention by ASHA workersin primary care settings.

These are important data on high-risk newborn
outcomes and quality of care from rural settingsin South
Asia. However, there are also important limitationsin the
information that was captured. We have limited infor-
mation on gestational weight gain and maternal nutritionin
the cohort and sub-categories at excess risk for potential
targeting [3]. Preterm infants who are also small for
gestational age (SGA) represent subsetswith 17-39 folds
excess risk for newborn mortality [4]. These infants also
have 4-5 folds higher odds for stunting, afifth or more of
which is established by 6 months of age [5]. Given the
known association of early growthininfancy with mater-
nal nutrition status prior to and during pregnancy [6], there
could well be differing patterns of growth among their
infants, an aspect not fully coveredinthe current study.

Regardless, the data provide strong evidence of
growth falteringinthese high-risk infants, and the need for
focused attention towardstheir careand community follow
up. The authors use the term “catch down growth” and
growth faltering interchangeably, which may not bestrictly
correct in this setting. Theterm “catch down” growth has
been used in the literature to account for adjustment of
growth patterns in young infants to their genetically
programmed growth patterns and has often been used in
the context of large for dates infants and others. In the
context of the average hirth cohort in India, this

INDIAN PEDIATRICS

downwards growth trgjectory is neither norma nor
ordained. Aswasunderscored by thelate Prof Ramalinga-
swami and colleaguesdecadesago [ 7], these small babies
may represent the contribution of systemic disadvantage
that many women face and indeed the consequence of
intergenerational effectsof undernutrition[8].

The subject of postnatal growth and drivers is of
special interest (especially under 6 months of age), and
reguiresattention to social determinantsof growth failure
in these circumstances. It isalso evident that much of the
long-term risks of non-communicabl e diseasesand obesity
could be determined and programmed in utero. In arecent
multi-country prospective observational study of 3598
pregnant women, Villar, et a. [9] observed distinct
patterns of intrauterine growth (by measurements of
abdominal circumference) between 20-25 weeks gesta-
tion, metabolic signalsand postnatal growth and devel op-
ment patterns up to 24 months of age. The group with
faltering intrauterine growth pattern remained signifi-
cantly small with minimal catch-up growthinthefirst year
of life. Theearly catch-down growth pattern wasonly seen
among those with the early fetal growth acceleration
pattern. Importantly, in comparing maternal and cord
blood samples, most metabolites associated with the
faltering growth phenotype had ORs close to 1.5, indi-
cative of an upregulation of metabolic pathways associa-
ted with impaired feta growth. In contrast these
metabolites had a reciprocal relationship with the early
accelerating growth phenotype, which suggests that the
same path-ways are down-regulated when fetal growthis
accelerated.

The Women First Trial [6] aso followed the growth
trajectory of 2337 infants over the first two years of life
and documented that length at birth wasthe best predictor
of linear growth at 24 months. For infants with ultra-
sound-determined gestational age (n=1329), the strongest
predictorsof stuntingwerebirth LAZ <2 and<-1to>-2
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with adjusted relative risk of 1.62 (95% CI: 1.39,
1.88; P<0.001) and 1.46 (95% ClI: 1.31, 1.62; P<0.001),
respectively. These data underscore the importance of
maternal health and nutrition for child growth and the need
for gestational age adjusted weight and length mea-sures at
birth and thereafter; measures which are unfor-tunately
lacking in large scale surveys. In a cross-sectio-nal
analysisof predictorsof growth among Pakistani children,
maternal BMI and height were found to be independent
predictorsof linear growth among children suggesting that
thereislikely anintergenerational conse- quence of poor
growth and maternal undernutrition[10].

What are the implications of these findings for public
policy? Thisgrowth depreciation occursat aperiod of life
when there are no satisfactory alternatives to exclusive
breastfeeding. Although full feeding patterns and intakes
for the cohort were not described, only about half the
infants were fully breastfed, which makes it quite
challenging to propose nutrition solutions in this age
group. Much greater emphasis must be placed on
prevention of fetal growth retardation and preterm births,
and optimizing maternal health and nutrition. Additionally,
substantial investments are needed to support small and
sick babiesin the health system, not only during hospital
stay but also postnatally during thefollow up period. India
has invested in a substantial workforce that can provide
this support in primary care settings. They need to be
trained for optimizing maternal health and nutrition and
supporting mothersin community kangaroo care[11]. The
strong evidence emerging on the role of mother newborn
care unitsin optimizing newborn outcomesisan additional
strategy worth emulating at scale[12]. India can lead the
way for theregion by prioritizing suchinvestmentsin early
child growth and human capital devel opment [13].

Funding: None; Competing interests: None stated.
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iththeincidence of preterm birthsinIndia

being 7-9%, and further rising, the asso-

ciated neurodevel opmental complications

have an enormous burden on the limited
resources available in our country. Early diagnosis and
management of these complications can mitigate the risk
of adverse neurodevelopmental outcomes and improve
caregiver well-being.

The article in this issue of the journal [1], a pros-
pective cohort study with a2-year follow-up, reiteratesthe
universal utility and feasibility of the Prechtl General
Movement Assessment (GMA) [2] for the prediction of
neurodevel opmental disorders and disabilities including
cerebral palsy (CP) inresource-limited settings, especialy
if applied at 3to 5 months post-term age.

The GMA is a nonintrusive, highly sensitive, and
reliable method to eval uate the young nervous system and
has beeninternationally recommended asthebest clinical
tool to predict cerebral palsy in infants who are younger
than 5 months post-term age [3]. Genera movements
(GMs) are spontaneous entirebody movements present
from early feta lifetill about 5 monthsafter termage. They
arevariable sequences of movementsof thearm, leg, neck
and trunk with changing intensity, force and speed.
Essential to GM assessment is the Gestalt visud
perception of movement complexity and variation [2].
GM s present distinct age specific patterns during the pre-
term and term periods. Prior to term age, the GMs are
named Preterm GMs and from term age till two months
post-term they are termed as Writhing movements.
Writhing movements are typically ellipsoid movements,
which createstheimpression that theinfant iswrithing. At
6-9 weeks post-term age, these writhing movements
gradually disappear and Fidgety movements (FMs)
emerge, which are present until the end of the fifth month
or even a bit longer. FMs are very tiny movements with
variable acceleration of neck, trunk, and limbs in all
directions. They are continual in the awake non-crying
infant, except during focused attention[2].
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If the nervous system is functionally impaired, GMs
lose their variable and complex quality. Therefore, the
presence of norma and variable general movements
indicate normal development whereas abnormal and
monotonous general movements may herald neurologic
impairment. During preterm and term age, three types of
abnormal GMshave been described[2]:

» Poor repertoire GMs (PR): Here, the sequence of the
successive movement componentsis monotonousand
arm, leg, trunk, and head movements do not occur in
thenormal rich and complex sequence

e Cramped synchronized GMs(CS): whereinthe move-
ments appear rigid with almost simultaneous contrac-
tion and thereafter almost simultaneous relaxation of
limb and trunk muscles.

e Chaotic GMs (Ch): Large amplitude abrupt move-
mentsof all limbsthat occur in achaotic order with-out
any fluency or smoothness.

CS GMs have a particularly high predictive value
(70% sensitivity and 97% specificity) for spastic CP[2].
CS movements that start already in the moderate to late
preterm age are associated with later worse motor
impairment. Infants with Ch GMs typically develop CS
GMs around term and hence also have a high risk for
spastic CP. PR GMs are less predictive and rather un-
specific [2], as shown in the present articletoo [1]. How-
ever, if preterm borninfants show consistently PR GMsup
to 8 weeks after term, they have an increased risk for
learning difficultiesat school-age[4].

Fidgety movements(FMs) arejudged abnormal if they
are either absent (F-) i.e., FMs are never observed from
ages 6 to 20 weeks post-term; or abnormal (AF), i.e., they
may resemblenormal FMs, but have moderately or greatly
exaggerated amplitude, speed and jerkiness[2,5].

Norma FMs suggest normal neurological develop-
ment while the absence of FMs at 3-5 months post-term
age is the most sensitive and specific indicator of later
neurological impairments|[2,3,5].
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Apart fromthecategorical GMA, further refinementsin
scoring of GMs have been recently developed, which
includethe GM optimality score (GMQOS) [6] and theMator
Optimality Score-Revised (MOS-R) [5]. The MOS-R isa
detailed structured assessment that i sbased both on standard
GMA and on the assessment of postural and movement
patterns co-occurring with FMs. A low motor optimality
score is associated with a limited functional mobility and
activity and predicts the severity of CP[5]. Recently, it has
been shown that the MOS-R was highly predictive for the
12-year neurological and behavioral outcomesin children
born extremely preterm [7]. Apart from utility of GMA in
prediction of CP, recent evidence reveas increased
occurrences of abnorma GMs in infants later diagnosed
withautism spectrum disorder, variousgenetic disorders, as
well asininfantsbornto motherswithviral infectionsduring
pregnancy suchasHIV, Zika[5] or SARS-CoV-2. Thelong-
term relevance of GMA for cognition and speech-language
performance during puberty age or even young adulthoodis
alsoincreasingly being recognized [8].

GMA requires an adequate video recording which is
scored on the basis of the observer’'s visual Gestalt
perception of normal vs. abnormal movement patterns,
undisturbed by other environmental impressions. Video
recording hasthe added advantage of playback and storing
therecordingsfor documentation and futurereference. An
optimal GMA consistsof at |east onerecording during the
preterm period, one during term age and another one
performed between 9-16 weeks post term [2]. As the
appearance, quality and interpretation of genera
movements depend on the gestational age of theinfant, itis
imperative that the gestational age be accurately
calculated, based on a confirmed last menstrual period
dateor afirst trimester ultrasound, whichisachallengein
popul ationswithout accessto good quality antenatal care.

A few other precautions are necessary while recor-
ding: the infant should lie in supine position on a plain,
non-distracting surface, preferably dressed in a vest and
diaper, leaving arms and legs bare. Filming during pro-
longed episodes of fussing, crying or hiccupping must be
avoided. Younger preterm infants can be recorded when
bouts of activity occur, also during sleep. The duration of
the recording depends on the age of theinfant and doesn’'t
need to be more than 2-5 minutes. Standardized GM
recordings may be a challenge especially in home-based
settings. To overcome this, a boom of technological
approaches ranging from mobile-app-based recording
tools to automated pose estimation through sensor based
or marker less approaches have surfaced recently [9].
Apps allow parents to directly upload a video of their
infant’s GM s to be assessed by experts, without the need
for attending an on-site appointment. However, such a
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procedure may not be feasible in the absence of cameras
and smartphones. To counter this deficiency, community
health workersor ASHAs can betrained to film themove-
ments [10], which can be scored distantly by certified
assessorswith specific high-quality training.

Despiteall thesetechnicalities, GMA ismuch easier to
be carried out than most neurodevel opmental assessments.
Hence, GMA is suitable for day-to-day clinical
applications, particularly in low-resource settings, where
obtaining an MRI may not be practically feasible. Being
entirely non-intrusive, GMA is generaly accepted by
caregiverswith divergent social and cultural backgrounds
[2,5,9]. It is imperative that the pediatrician become
familiar not only with thetechnique of recording GMs, but
alsowiththeir inter-pretation, so asto counsel the parents
of high-risk infantsand refer for timely intervention.
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Background: Wasting and stunting commonly coexist, sup-
posedly due to biological and social mechanisms. In under-five
children, low-ponderosity is defined as <—2SD of WHO standards
for either weight for height (wasted) or body mass index for age
(thin) metrics. Unlike body mass index for age, weight for height
ignores physiological changes in ponderosity with age, resulting
in overestimation of wasting in comparison to thinness in under-5
populations with high stunting prevalence. This suggests a plausi-
ble statistical explanation for the wasting-stunting association.

Aim: To test the null hypothesis that wasting-stunting (WaSt) and
thinness-stunting (ThSt) associations are similar.

Methods: Demographic Health Survey datasets (2010-2020)
from South and South-East Asia (7 countries) and Sub-Saharan
Africa (13 countries) were evaluated. WaSt and ThSt asso-
ciations were estimated as odds ratio (OR) for individual data-
sets, which was pooled (random-effects meta-analysis). Strati-
fied analyses were done for sex, age and region.

Results: Young infants (0-6 months) comprised 8-14% of under-
five children, with equal representation of boys and girls.
Participants, especially Asians, were mostly shorter with lower
ponderosity than WHO standards. WaSt prevalence was higher
than ThStin the 6-59 months age group, but lower in young infants.
Pooled WaSt estimates were not significant: Asia (OR 0.95; 95% CI
0.75-1.14), Africa (1.17; 0.95-1.40), and combined (1.09; 0.93-1.24). In
contrast, pooled ThSt associations were significantly negative: Asia
(0.63; 0.50-0.76), Africa (0.82; 0.68-0.96), and combined (0.75;
0.65-0.85). In girls, these associations were attenuated for WaSt
(0.96; 0.8-1.1), but enhanced for ThSt (0.6; 0.5-0.7).

Conclusion: WaSt and ThSt associations are dissimilar. This
suggests a primary statistical explanation for the reported was-
ting-stunting association, originating from ignoring physiological
changes with age.

Keywords: Africa, Anthropometry, Asia, Underweight, Mal-
nutrition.

n the Sustainable Development Goal (SDG) 2 on

Zero Hunger, stunting and wasting are listed as

individual conditions. By 2025, India too is

committed to achieve: i) a 40% reduction in the
number of children under-5who arestunted, and i) reduce
and maintain childhood wasting to less than 5% [1].
Recently, there has been a strong advocacy for integrated
programmatic approaches for simultaneously addressing
both wasting and stunting, instead of dealingwiththemas
distinct entities. The underlying rationale is that both
conditionshave etiol ogic commonality and frequently co-
exist, either ssimultaneoudly or at different periodsin the
same child. Also, concurrently stunted and wasted
children have the highest risk of near-term mortality [2,3].

A recent analysisof cross-sectional survey datasetson
1.8 million children documented a robust positive
associ ation between wasting and stunting; the pooled odds
ratio was 1.40 (95% Cl: 1.32, 1.49) [4]. This study,
providing fuel for the intensified advocacy efforts, also
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recommended extension of therapeutic feeding programs
to concurrently wasted-stunted cases and routine
reporting of wasting-stunting prevalence in surveys [4].
To guide future investments, the Wasting-Stunting
Technical Interest Group has recommended priority
research topics, which predominantly focuson biological
and social mechanisms of this association and policy
domains|[5].

Scant attention has been directed towards a statistica
explanation for the wasting-stunting association. In under-
five children, low-ponderosity may be defined when either
weight for height or body mass index for age (BMI) are
below —2SD of the respective World Health Organization
(WHO) standards [6,7]. Children with low ponderosity
diagnosed by weight for height metricareasoreferredtoas
wasted. Weight for height ignoresthe physiological changes
inponderosity with age, whereas, by construct, BM| for age
accounts for such aterations [7,8]. Notwithstanding the
excellent correlation (r=0.97-0.99) between these metrics,
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thetwo definitions produce cut-offs, and hence estimates of
low ponderosity, that differ with the age, sex and height of
children [9]. Importantly, weight for height is associated
with an overestimation of low ponderosity burden in
comparisonto BMI for agein under-5 populationswith high
stunting pre-valence, especially in children aged 6-59
months[9]. Thissuggestsaplausible statistical explanation
for the association between wasted and stunted children.
For nomen-clature clarity, we subsequently refer to low
ponderosity diagnosed by weight for height metricaswasted
(or wasting) and that by BMI for age metric as thin (or
thinness), and their co-occurrence with those stunted as
wagted-stunted (WaSt) and thin-stunted (ThSt), respectively.
We tested the null hypothesis that Wast and ThSt
associations are similar, to refute the dtatistical origin
postulate. This was done in contemporary datasets from
South and South-East Asiaand Sub-Saharan Africa, both of
which haveahigh prevaenceof stunting.

METHODS

Ethical clearance was not required for these secondary
analyses of datasets, for which informed consent of parents
and ethical clearance from relevant authorities had been
taken. Datasets were used from two settings: i) Research:
The Meerut study was specifically designed to estimate the
prevalenceof severeacute malnutrition and identify midarm
circumferencesurrogatesfor weight for height cutoffs. This
community-based cross-sectiona study was conducted
between September, 2012 and October, 2013 in Meerut
District, Uttar Pradesh, India [10]. This clinical research,
conducted on 18,463 children between 6 and 59 months of
age with quality assurance, was expected to have greater
precison of measurements, ii) National Surveys:
Demographic Health Survey (DHS) datasets from South-
and South-East Asia and Sub-Saharan Africa, which had
collected anthropometric measurements for children
between 0-59 months in 2010 or later, were digible for
analysis[11]. A common set-up was constructed for the DHS
datasets with the same variables, variable names, variable
types, variable lengths, coding schemes, unit of
measurement, and fileformat. Theseincluded case 1D, age,
sex, weight and length/height.

The WHO macro syntax for STATA was used to
generate the four anthropometric indices z-scores from the
absolutelength/height, weight, ageand sex, namely, length/
height for age (HAZ), weight for age (WAZ), weight for
height (WHZ), and body mass index for age (BMIZ) [7].
WHO criteria were followed to set the missing values (z
scores): HAZ <-6 or >6; WAZ <-6 or >5; WHZ <-5 or >5;
and BMIZ <-5 or >5 [7,12]. In the Meerut study, we
considered missing values below -7 SD for al indices,
because apparently abnormal measurements had been re-
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verified in the field. Children with low (<-2z of WHO
standard) anthropometric indices were labelled as follows:
underweight (for weight for age), stunted (for length/height
for age), wasted (for weight for height), and thin (for BMI for
age). Children who were both wasted and stunted were
|abelled asWaS, whilethosewho wereboth thinand stunted
weredefinedasThS.

Satistical analysis. The concurrent WaSt and ThSt
associaions (strength and direction) were evaluated by
calculating the Odds Ratios (OR) for each country dataset
separately. This measure of association was symmetrical
becausethe OR for being wasted (or thin) given stunting and
the OR for being stunted given wasting (or thinness) were
identical [4]. The ORsfrom the DHS datasets were pooled
using a random-effects meta-analysis [ 13,14], because the
clinical context of the surveyswasheterogeneous. Stratified
analyseswered so conducted for sex and agegroups (mainly
intwo broad age groups of 0-6 monthsand 6-59 months, and
a 6-monthly intervals from 0-1 year, and yearly intervals
thereafter, in pooled estimates to explore narrower age
associations). WHZ (or BMIZ) and HAZ were comparedin
three categories, namely, wasted (or thin) only, stunted only
and Wast (or ThSt). As these indices were not normally
distributed, being right truncated at -2 z-scores, the datawas
summarized as median (IQR) and compared by
nonparametric Mann-Whitney test. A non-parametric effect
size measure was used to capture the changes in central
tendency and datadistribution shapethrough auser defined
package (ImpactEffectsize Version: 0.6.2) [15]. Pearson
correl ation coefficientswere computed between weight for
height and BMI for age z-scores, and between both these
metrics individualy and weight (kg) and height (cm).
Coefficients were also computed for the log weight
regressed on log height. STATA 16.0 version (StataCorp
LLC) and R software 4.0.2 version (R Core Team, 2020;
www.R-project.org/) wereused to performtheanal yses.

RESULTS

Among theavailable online DHS datasets, twenty countries
(7 from South- and South-East Asia and 13 from Sub-
Saharan Africa) fulfilled the inclusion criteria. The
demographic and anthropometric characteristics of the
analyzed datasets are summarized in Web Table |. The
surveys had been conducted between 2011 and 2020. Except
for India(n=207,364), thesamplesizein other DHS surveys
ranged from 2,318 (Nepal) to 18,279 (Kenya). Young
infants (0-6 months) comprised 8-14% of under-five
children. Therewasamost equal represen-tation of boysand
girls. The participants were mostly shorter and had lower
ponderosity in comparison to the WHO standards. In
individual countries, therangesfor HAZ meanswere-0.9to
-1.6 and for their SDs 1.1 to 1.7. In South and South East
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Asia, the range for WHZ means was -0.2 to -0.9 and for
BMIZ meanswas -0.1 to -0.8. These z-scores were higher
for Sub-Saharan Africa, ranging from+0.4t0-0.5and +0.5
to-0.5, respectively. Their SDsin both regionsranged from
1.0to 1.4. The 6-59 months old participants (n=18452) in
the Meerut study from India had the maximum left shiftin
meansof HAZ (-1.9), WHZ (-1.1) and BMIZ (-0.9).

The prevalence of anthropometric deficits in DHS
datasets is summarized in Table . The overall prevalence
(95% Cl) of those stunted, wasted, thin, WaSt and ThSt were
31% (28%, 33.9%), 7.2% (3.6%, 10.7%), 6.4% (3.2%,
9.6%), 2.3% (1.3%, 3.4%) and 1.6% (0.9%, 2.3%),
respectively. All these deficits were higher in the Asian
regions. India had the highest prevalence, especialy
pronounced for those wasted (20.1%), thin (18.3%), WaXt
(6.29%) and ThS (4.4%). In al datasets, the prevaence of
WaSt was dgnificantly higher than that of ThSt. In
comparison to the 0-6 months age group, the 6-59 months
age group had a higher prevalence of those stunted (Web
Tables |l and I11). WaSt prevaence was lower than ThSt
prevalence in 0-6 months age group, but the converse was

15

truefor older children. BothWaSt and ThS prevalencewere
higher inboys(Web Tablel V). Themaletofemaleratiosin
individual countriesin 6-59 months age group ranged from
1.05to 2.82, except for WaSt in Ghana (0.92) and Liberia
(0.99). The ratios were comparable for Wat and ThSt
(overlapping confidenceintervals).

Association between stunting and wasting or thinness: Inthe
research dataset (Meerut study), there were significant
positive associationsfor bothWaSt [OR (95% Cl) 1.91 (1.8,
2.1); P<0.001] and Th& [OR (95% CI) 1.11 (1.0, 1.2);
P=0.029]. Fig. 1 summarizes the WaSt and ThSt
associations in under-five children in DHS datasets.
Significant positive WaSt associations were seen in six
African countries, while significant negative associations
were documented in one African and two Asian countries.
The pooled estimates were not significant for Asia [OR
(95% Cl) 0.95 (0.75, 1.14); 12=88%], Africa [1.17 (0.95,
1.40); 12=92%), or the combined dataset [1.09 (0.93, 1.24);
12=92%] with considerable heterogeneity. In contrast, for
ThS, significant negative associationswere documented in
six Asian and seven African countries and a positive

Tablel Prevalence (%) of Anthropometric Deficitsin 0-59 M onthsAge Group in Demogr aphic Health Survey Datasetsfrom

South and South-East Asiaand Sub-Sahar an Africa

Country Number  Sunting Wasting Thinness Wasted-stunted Thin-stunted P value?
(year) (95%Cl) (95%ClI) (95%Cl) (95%ClI) (95%ClI)

Demographic Health Survey Datasets: South and South-East Asia

Bangladesh (2017-18) 7,711  31.4(30.4,325) 85(7.9,9.1) 7.3(6.7,79) 3.0(26,34) 20(17,23) <0.001
Cambodia(2014) 4289  32.8(314,343) 97(88,106) 83(7592) 33(2839) 19(1524) <0.001
India (2015-16) 207,364 38.1(37.9,38.3) 20.1(20.0,20.3) 18.3(18.1,184) 6.2(6.1,6.3) 4.4(4.3,45)  <0.001
Maldives(2016-17) 2,342  151(13.7,16.6) 9.0(7.9,102) 80(7.0,92) 16(12,22) 12(08,17) 0.012
Myanmar (2015-16) 4,146  30.8(29.4,32.2) 66(59,74) 58(5.1,65  17(13,21) 11(0814) <0.001
Nepal (2016) 2318  36.6(34.7,386) 9.3(8.2,105 81(7.0,92) 35(28,43) 23(1830) <0.001
Pakistan (2017-18) 4,079  38.6(37.1,40.1) 7.7(6.9,85)  7.2(6580) 28(23,33) 23(18,28) 0.003
Pooled SSEA 232,249 31.9(26.4,374) 10.1(41,16.1) 9.0(34,146) 3.2(13,51) 22(08,35)
Demographic Health Survey Datasets: Sub-Saharan Africa

Angola (2015-16) 6,268  37.6(36.4,388) 50(4556) 45(43,53) 19(16,23) 15(12,18) <0.001
Benin (2017-18) 11,626 32.0(31.2,329) 5.2(4.8,56) 47(43,51) 20(1.7,22) 16(14,18  <0.001
Cameroon (2018) 4435  281(26.8,295 39(34,45 41(3547  11(08,14) 09(06,12) 0.072
Congo (2011-12) 4464  269(257,283) 54(48,61) 52(4558  12(09,16) 0.9(0.6,12) 0.003
Ethiopia (2019) 5055  359(34.6,37.3) 89(8297 69(63,77 35(3141 21(17,25 <0001
Gambia(2019-20) 3,805  18.3(17.1,19.6) 51(45,59  43(3.7,50) 14(1.1,1.8) 09(0.7,1.3) <0.001
Ghana(2014) 2,682  19.0(17.5,205) 49(4.2,58  44(37,52) 14(10,19) 10(0.7,15) 0.004
Kenya(2014) 18279 27.3(26.6,279) 54(51,58) 48(4551) 17(1519 10(0811) <0.001
Liberia(2019-20) 2439  323(305,342) 42(3551) 35(2843) 16(12,22) 11(0.7,16) 0.005
Malawi (2015-16) 5110  355(34.2,36.8) 31(26,36) 27(23,31) 10(0.7,13) 0.7(05,10) 0.003
Mali (2018) 8202  26.8(258,27.7) 93(8.7,100) 9.0(84,96) 30(27,34) 24(21,28) <0.001
Mozambique(2011) 9,251  39.6(38.7,40.7) 52(4.8,57) 50(46,55 15(12,17) 12(10,15) 0.005
Nigeria(2018) 11,308 36.3(354,37.1) 6.6(6.2,71) 59(5564) 31(2834) 24(21,27) <0.001
Pooled SSA 92,924 304(27.0,338) 56(47,64) 50(4258 19(1523) 14(11,17)

Grand Pool (a+h) 325173 31.0(28.0,339) 7.2(3.6,10.7) 6.4(32,96) 23(13,34) 16(09,23)

P-values for the difference in WaS and ThS prevalence using Mc-Nemar test. Pooled SSEA: pooled estimates for South and South-East Asia. Pooled
SSA: pooled estimates for Sub-Saharan Africa. Grand pool: pooled data fromall the Demographic Health Survey Datasets studied.
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Sy Wasted and Stunted (WaSt) R e Thin-Stunted (ThSt) e hG
South and South-East Asia (DHS Year) ; South and South-East Asia (DHS Year) i
Bangladesh (2017-18) — 119 [099, 139] 554 |Bangladesh (2017-18) - 081 [066, 096] 577
Cambodia (2014) - 105 [085, 1.25] 554 |Cambodia(2014) - 059 [0.44, O74] ST7
India (2015-16) - ) 066 [D61, 071 607 |india(2015-16) - | 045 [0.40, 050] 650
Maldives (2016-17) e 126 081, 17] 402 (201617 e 094 [054, 134] 327
Myanmar (2015-16) — 074 [054, 094] 554 |Myanmar (2015-16) - | 049 [0.34, 064] 577
Nepal (2016) ok 103 (073, 133] 495 |Nepal (2016) — 066 [0.46, 085] 526
Pakistan (2017-18) —l 089 (069, 1.09] 554 |Pakistan (2017-18) —- | 071 [0.56 086 577
Heterogeneity: T = 0.06, " = 87.83%, H' = 8.22 * 0.95 [0.75, 1.14] Heterogeneity: 1" = 0.02,1" = 82.93%, H' = 6.86 e ! 0.63 [0.50, 0.76]
Test of 8, = 6 Q{8) = 49.30, p = 0.00 H Test of 8, = 8;: Q{6) = 35.15, p = 0.00 :
Sub-Saharan Africa (DHS Year) : Sub-Saharan Africa (DHS Year) :
Angola (2015-16) =5 1.01 |0.76, 1.26] 526 [|Angola (2015-16) iy 075 [0.55 095 526
Benin (2017-18) — 133 [1.08, 158] 526 [Benin (2017-18) ™ 111|091, 131] 5326
Cameroon (2018) —_— 097 [062, 132] 465 |Cameroon (2018) —— 070 [0.45, 095 472
Congo (2011-12) — 075 [0S0, 100] 526 |Congo (2011-12) - ] 052 [0.97, 06T) 577
Ethiopia (2019) e 119 [094, 144] 526 |Ethiopia (2015) - 074 [059, 089] 577
Gambia (2019-20) | ———=——— 177 (117, 237 318 |Gambia @019-20) —t— 122 [072, 172] 2855
Ghana (2014) |l 178 (108, 248] 271 [Ghana(2014) B 1.35 [0.75, 185 201
Kenya (2014) | p— 124 (109, 139] 577 |Kenya(2014) - | 066 [0.56, 0.76] 6.20
Liberia (2019-20) —_——— 131 (076, 1.86] 3.44 [Liberia (2019-20) — 082 047, 137] 288
Malawl (2015-16) — 085 [055, 1.15] 496 |Malawi (2015-16) —.— : 062 [0.37, 08T) 472
Mall (2018) | = 136 [1.16, 1.56] 554 |Mail(2018) 100 [080, 120] 526
Mazambique (2011) - 059 [0.49, 069] 59 [Mozambique (2011) - 047 [0.37, 05T] 620
Nigenia (2018) | —— 158 [138, 178] 554 |Nigeria (2018) — 120 [1.00, 140] 526
Heterogeneity: T = 0.15, 1" = 91.74%, H' =12.10 L 147 [0.95, 1.40] Heterogensity: ' = 0.05, " = 86.00%, H' = 7.14 @| 0.82 [0.68, 0.96]
Test of 8 = 8: O{12) = 145.22, p = 0.00 | Test of 6 = 8: Q{12) = 85.72, p = 0.00 |

1 I
Overall o 1.09 [0.93, 1.24] Overall | 0.75 065, 0.85]
Heterogeneity: ' = 0.10, " = $2.26%, H' = 12.92 1 8 v =004, 1" = 87.60%, H' =8.07 I
Test of 6 = 6 Q(19) = 245.44, p = 0.00 : Test of &, = 8: Q{19) = 153.24, p = 0.00 :
Test of group differsnces: Qu1) = 2.16, p = 0.14 Test of group differences: Ou(1) = 3.57, p = 0.06

080 100 150 200 250 050 100 150 200 250

Random-effects DerSimonian-Laird mode!

Random-effects DerSimonian-Laird model Age-group: 0-59 months

Fig. 1 Summary of wasting-stunting (WaSt) and thinness-stunting (Tht) associ ationsin the Demographic Health Survey datasetsfrom
South and South-East Asiaand Sub-Saharan Africafor children aged 0-59 months.

association for one African country. The pooled estimates
were sgnificantly negative for Asia (0.63; 0.50, 0.76;
12=83%), Africa (0.82; 0.68, 0.96; 1=86%), and the
combined dataset (0.75; 0.65, 0.85; 12=88%) with
considerableheterogeneity. In girls, these associationswere
attenuated for WaSt, but enhanced for ThSt (Web Fig. 1). In
the combined dataset, the WaSt association for boys was
1.28 (1.09, 1.47) and for girls 0.96 (0.81, 1.10); the
corresponding figures for ThSt were 0.74 (0.62, 0.85) and
0.57(0.48,0.67), respectively. Inthe combined dataset, in 0
6 monthsage group (Web Fig. 2), the WaSt association was
negative (0.59; 0.40, 0.87), but the ThS association was
positive (2.0; 1.34, 3.0). The converse was documented in
the 6-59 months age group (Web Fig. 3) for WaXt (1.18;
1.01, 1.35) and ThS (0.69; 0.59, 0.79) associations. Fig. 2
summarizesthe comparison of WaSt and ThSt associations
andtheir prevalenceinthecombined dataset in narrower age
groups. The maximal contrast in these associations was
evident inthe 0-6 monthsand 12-24 monthsage groups.

Z-scores  differences between single and combined
anthropometric deficits: In 6-59 months age group, the
WHZ (or BMIZ) impact difference among those only
wasted (or thin) versusWaSt (or ThS) wasmostly null (Web
TableV). Smilarly, theHAZ impact difference (Web Table
V1) was mostly null or small (<0.2). However, there were
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largeWHZ (or BM1Z) impact differences, ranging from 1.8
to 3.2, between stunted only versusWaSt (or ThSt). Similar
findings, but of alower magnitude, were documented for
HAZ (impact differences 1.5 to 2.2). These patterns were
broadly comparablefor WHZ and BMIZ.

Shaded Portion (%) ‘Combined {South and South-East
StiWnsted ThELTH

in Asia and Sun-Saharan Africa)
2 0.9 (584, 1.16) »n |2 .63 (0,53, 0.75)
3
E
g 2
3 141 {091, 1.35) Ll .58 (0,40, 0.69) =
L) ("]
z
- -
k-
£, 2
E 0.0 (941, 1:20) o £ 053 (043, 088 ®
23 g
= 5
% =
a =
] ]
5 3 - -
a & 1.70 (129, 2.23) n 085 (0.63, 1.13) 8
< =
[
- # §
@ 1.40 (0.99, 1.99) n 1.25 (089, 1.76) g
®
0.58 (0.40, 0.87) sl 2
= 2,00 {1.34, 3.00)
—r T T T T T T T T T T T
ORI T T U - T T T T TR T, 3

Prevalence of Wasted (left) and Thin {right) [%]

Fig. 2 Comparison of associations between wasting-stunting
(WaSt) and thinness-stunting (ThSt) and their prevalencein the
South and South-East Asia and Sub-Saharan Africa from the
Demographic Health Survey combined datasetsin stratified age
groups.
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Except for Nepa (r=0.92), there was amost perfect
correlation (r=0.96 to 0.98) between WHZ and BMIZ in
other datasets(Web Table V). The beta-coefficientsof log
weight regressed on log height approximated 2 (1.81 to
1.95), except for Nepa (2.58). In general, both WHZ and
BMIZ had comparable (non-overlapping confidence
intervals) patterns of higher correlations with weight than
with height.

DISCUSSION

In these andyses, the Wat and ThSt associations were
dissimilar and their directionsvaried with age. For the 0-59
months age group, the pooled estimates for Asia, Africaor
the combined dataset were not significant for Wast
association, but were dgnificantly negative for Th&t
association. In the combined dataset, in 0-6 months age
group, the WaSt association was significantly negative, but
the ThSt associ ation wassignificantly positive, whereasthe
conversewasdocumented in 6-59 monthsold children. The
comparison of WaSt and ThSt associations, and the
descriptive epidemiology of ThS association, from regions
with high prevaence of stunting, isanovel contribution to
the literature. Use of contemporary data-sets, concordance
of observed patterns among various countries and regions,
anddignment with earlier reportsof higher WaSt prevalence
in boys [4], and in comparison to ThSt [9], inspires
confidencein thefindings. Further, theflipover inthe Wat
and ThSt associations after the age of 6 months is in
consonancewiththeearlier findingson agedifferences[9].

Dissmilar, mostly opposing, associations between
stunting and the two metrics of ponderosity (WHZ and
BMI2Z) indicate a primary dtatistica explanation for the
reported WaSt association, which originates from ignoring
physiological changes with age in the weight for height
metric. Further support for thiscontentioninclude: i) theflip-
over of these associations around 6 months of age, as
predicted by the curvature change in WHO BMI for age
charts[7]; ii) aimost perfect correlation between WHZ and
BMIZ; iii) beta-coefficients of log weight regressed onlog
height approximated 2 (1.81 to 1.95) [16,17], providing
vaidation for theuseof BMI formulain under-fivechildren;
and iv) comparable patterns among both metrics of higher
correlationswithweight thanwith height.

The apparent differencesfrom the robust positive WaSt
association [OR (95% ClI) 1.40 (1.32, 1.49)] in pooled
analyses from 51 countries [4] merit closer scrutiny. First,
these calculations excluded the 0-6 months age group,
whereintheWaSt associationisnegative, thereby biasingthe
estimates upwards. Moreover, our 6-59 months pooled
estimates were positive, but with a lower magnitude.
Second, the earlier study’s database included refugee
settings and relatively dated surveys [4], with a higher
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probability of lower HAZ scores. In our research dataset
from Meerut, withafairly low mean (SD) HAZ of -1.9(1.2),
theWaSt associationwasmarkedly positive.

The near-term mortaity in WaSt children is
considerably higher thanthosewho areeither stunted only or
wasted only [2-4]. Inthe earlier analysis[4], WaSt subjects
were both more severely wasted than wasted only children,
and more severely stunted than stunted only children.
However, theeffect sizesweresmall andit washypothesised
that these were probably insufficient to account for the
heightened risk of mortality for Wat and therefore, a
multiplicative rather than an additive interaction between
wasting and stunting is occurring. In contrast, in most
datasets in this study, these effect sizes were null. But, by
definition, there were large effect sizes (~2.0) in the paired
anthropometric deficit; WaSt caseswere both more severely
stunted than wasted only children, and more severely wasted
than stunted only children. Thus, the substantial conjoint
effect of thetwo anthropometric deficits, acting either inan
additive or multiplicative manner, could explain the
considerably higher mortality risk in WaSt. Unfortunately,
there seems to be no comparative data for the ThSt
association, which meritsexploration.

Governments, donors and other stakeholders should
carefully examine the potentia returns for investments in
funding research focussing on hiological and social
mechanisms of WaSt association [5]. The recommended
extension of routine therapeutic feeding programs to WaSt
children [4] deserves careful condderation since this
condition is largely a dtatistical phenomenon, primarily
driven by severity and high prevalence of stunting. The
WHO Guideines on preventing overweight and obesity in
the context of double burden of malnutrition state [18]:
“ Routinely providing supplementary foods to moderately
wasted infants and children presenting to primary health-
carefacilitiesis not recommended” and “ The provision of
supplementary foods for treating stunting among infants
and childrenwho present to primary health-carefacilitiesis
not recommended.” This recommendation resonates with
the recent finding of ‘metabolic obesity’ (dysglycemia or
dydipidemia) inat least half of thechildren aged 5-19 years,
including those who were thin or stunted, in the
Comprehensive National Nutrition Survey from India[19].

Thefollowinglimitationsmerit consideration. The DHS
data across these countries were collected during different
years, but within a decade. We could have analyzed all
contemporary DHS datasets and also explored access to
databasesfrom refugee settings. However, their inclusionis
unlikely toater themainfinding, sincetheanalysiscon-tains
regionswith high prevalence of stunting. A pooled analysis
from exclusiveresearch settingsmay have provided greater
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Low PONDEROSITY AND STUNTING ASSOCIATIONS

WHAT IS ALREADY KNOWN?
* Wasting and stunting commonly coexist, supposedly due to biological and social mechanisms.

« Unlike body mass index for age, weight for height ignores physiological changes in ponderosity with age,
resulting in overestimation of wasting in comparison to thinness.

WHAT THIS STUDY ADDS?
« Wasting-stunting and thinness-stunting associations are dissimilar, and mostly in opposing directions.

* This suggests a primary statistical explanation for the reported wasting-stunting association, which originates
from ignoring physiological changes with age in the weight for height metric.

confidence and precision because of lower measurement
errors. However, we included one such dataset, which
confirmed the pattern, and aso survey findings are
invariably used for policy decisions.

In concluson, WaSt and ThSt associations are
dissmilar. Thissuggestsaprimary statistical explanationfor
the reported wasting-stunting association, which originates
fromignoring physiological changeswith ageinweight for
height metric.
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Web Table I Descriptive Characteristics of the Analysed Datasets

Country (Year) N (0-59 0-6 months Boys (%) HAZ: WHZ: BMIZ:
months) (% of total) Mean (SD) Mean (SD) Mean (SD)

Research dataset: Meerut, Uttar Pradesh, India

Meerut (2012- | 18,452 NA 53.4 -1.9(1.2) -1.1(0.9) -0.9 (0.9

13), India?

Demographic Health Survey Datasets. South and South-East Asia (a)

Bangladesh 7,711 11.9 52 -1.4(1.3) -0.5(1.1) -0.4(1.1)

(2017-18)

Cambodia 4,289 10.7 50.6 -1.4(1.49) -0.6 (1.2) -0.5(1.2)

(2014)

India(2015-16) | 207,364 [ 9.9 51.7 -15(L7) -0.9 (L4) -0.8 (1.4)

Maldives (2016- | 2,342 76 50.9 -0.9(1.2) -0.4(13) -04(13)

17)

Myanmar 4,146 104 51.6 -1.4(1.3) -05(1.1) -0.3(1.1)

(2015-16)

Nepal (2016) 2,318 9.7 52.3 -1.6 (1.3) -0.6 (1.1) -05(1.1)

Pakistan (2017- | 4,079 104 50.5 -1.6(1.7) -0.2 (1.3 -0.1(1.3)

18)

Pooled SSEA [ 232249 | 10.0 51.4 -1.4(1.7) -0.9 (1.4) -0.8(1.4)

Demographic Health Survey Datasets: Sub-Saharan Africa (b)

Angola (2015- | 6,268 12.2 49.9 -15(L5) -0.1(12) 0.0(1.2)

16)

Benin (2017-18) | 11,626 11.6 50.5 -1.4(1.3) -0.3(1.) -0.2(1.1)

Cameroon 4,435 115 50.7 -11(L7) 0.4 (1.4) 0.5 (1.4)

(2018)

Congo (2011- 4,464 119 51.0 -1.1(1.5) -0.2(1.2) -0.1(1.2)

12)

Ethiopia (2019) | 5,055 11.0 51.2 -14 (15 -05(1.2) -0.3(1.2)

Gambia (2019- | 3,805 13.8 52.4 -1.1(L1) -0.4 (1.0) -0.3(1.0)

20)

Ghana (2014) 2,682 124 51.7 -1.0(1.3) -0.3(1.1) -0.2(1.1)

Kenya (2014) 18,279 10.2 50.6 -1.2(1.4) -0.1(1.2) 0.0(1.2)

Liberia (2019- 2,439 11.2 49.1 -1.4(1.3) 0.0(1.1) 0.2(1.1)

20)

Malawi (2015- | 5,110 9.4 49.1 -1.5(1.4) 0.1(1.1) 0.2 (1.1)

16)

Mali (2018) 8,202 11.4 50.8 -1.1(1.6) -05(1.2) -05(1.2)

Mozambique 9,251 10.9 50.0 -1.6 (1.6) 0.2(1.3) 0.4 (14)

(2011)

Nigeria (2018) 11,308 10.4 50.7 -1.5(1.6) -0.3(1.) -0.2(1.2)

Pooled SSA® 92,924 11.1 50.5 -1.3(1.5) -0.2(1.2) -0.1(1.2)

Grand Pool® 325173 | 103 51.4 -1.4(1.6) -0.7 (L4) -0.6 (1.4)

(ath)

“The Meerut study was conducted in 6-59 months old children

b Pooled SSEA: Pooled South and South-East Asia

¢ Pooled SSA: Pooled Sub-Saharan Africa

dGrand pool: Pooled data from all the Demographic Health Survey Datasets studied
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Web Table II Prevalence (%) of Anthropometric Deficits in 0-6 months in the Demographic Health Survey

datasets
Number Sunting Wasting Thinness WaS ThS P-value?
Country (95% ClI) (95% ClI) (95% ClI) (95% ClI) (95% ClI)
Demographic Health Survey Datasets: South and South-East Asia (a)
Bangladesh 916 19.4 10.0 129 11(1.0,2.0) | 3.6(2.6,5.0) | <0.0001
(17.0,22.1) (8.3,12.2) (10.9, 15.2)
Cambodia 458 16.2 135 144 0.7(0.2,2.0) | 20(1.0,3.7) | 0.0143
(13.1,19.8) | (10.7,17.0) | (115,179
India 20,582 20.3 285 29.7 26(24,28) | 54(5.1,5.8) | <0.0001
(20.0,20.9) | (27.9,29.1) | (29.0,30.3)
Maldives 177 20.9 7.9 85 0.0(0.0,0.0) | 23(0.8,5.9) | 0.0455
(15.5, 27.6) (4.7,13.0) (5.2,13.6)
Myanmar 430 72 10.7 10.5 05(0.1,18) | 1.4(0.6,3.1) | 0.0455
(5.1,10.1) (8.1,14.0 (7.9,13.7)
Nepal 224 12.9 134 134 09(0.2,35) | 1.8(0.7,4.7) | 0.1573
(9.1,18.0) (9.5,185) (9.5,185)
Pakistan 426 17.8 110 14.6 16(0.8,34) | 49(3.2,7.5) | 0.0002
(14.5,21.8) (8.4,14.4) (11.5,18.2)
Pooled 23,213 16.3 13.6 14.9 (6.3, 11(02,23) | 31(1.54.7)
SSEAP (12.2,20.4) (4.7,22.5) 23.5)
Demographic Health Survey Datasets: Sub-Saharan Africa (b)
Angola 764 17.6 5.2 7.6 0.3(0.1,10) | 21(1.3,34) | 0.0002
(15.1, 20.5) (39,71 (5.9,9.7)
Benin 1,352 16.7 6.9 85 1.3(0.8,2.0) | 3.3(2.5,4.4) | <0.0001
(14.8, 18.8) (5.6,8.4) (7.1,10.1)
Cameroon 509 16.5 55 6.3 0.0(0.0,0.0) | 1.6(0.8,3.1) 0.005
(13.5, 20.0) (3.8,7.9 (45,8.8)
Congo 530 111 7.0 7.0 0.0(0.0,0.0) | 0.6(0.2,1.7) | 0.0833
(8.7,14.1) (5.1,9.5) (5.1,9.5)
Ethiopia 556 16.0 113 8.6 0.7(0.3,19) | 1.4(0.7,2.9) | 0.0455
(13.2,19.3) (8.9,14.3) (6.6,11.3)
Gambia 526 7.8 4.2 49 0.4(0.1,15) | 1.5(0.8,3.0) | 0.0143
(5.8,10.4) (2.8,6.3) (34,72
Ghana 332 57 9.3 7.8 0.6(0.2,24) | 0.6(0.2,2.4) 1.000
(3.7,8.8) (6.6, 13) (5.4,11.3)
Kenya 1,858 114 51 47 0.4(0.2,0.9) | 0.8(0.5,1.3) | 0.0082
(10.0,12.9) (4.2,6.2) (3.8,5.7)
Liberia 274 20.1 4.4 55 0.7(0.2,29) | 22(1.0,4.8) | 0.0455
(15.7, 25.3) (2.5,7.6) (3.3,8.9)
Malawi 482 20.9 33 3.7 0.4(0.1,16) | 1.5(0.7,3.0) | 0.0253
(17.5,24.8) (2.0,5.4) (2.4,5.9)
Mali 932 12.6 113 135(115, | 14(08,24) | 3.2(2.3,4.6) | <0.0001
(10.6, 14.8) (9.4,135) 15.9)
Mozambique| 1,008 235 8.4 10.1 14(0.8,23) | 3.6(2.6,4.9) | <0.0001
(21.0,26.2) (6.9,10.3) (8.4,12.1)
Nigeria 1,174 18.0 6.5 95 14(08,22) | 41(3.1,5.4) | <0.0001
(15.9, 20.3) (5.2,8.0) (8.0,11.4)
Pooled 10,297 15.1 6.7 75 0.1(0.0,0.1) | 20(1.3,2.7)
SSA°® (12.4,17.8) (55,7.9) (6.0,9.0)
Grand Pool 33,510 155 9.2 10.1 05(0.4,0.5) | 24(1.3,3.3)
(a+b)y (13.1,17.9) (4.1,142) (5.0,15.2)

aP-values cal culated between the prevalence of WaSt and ThS using Mc-Nemar test
bPooled SSEA: Pooled estimates for South and South-East Asia; “Pooled SSA: Pooled estimates for Sub-Saharan

Africa

dGrand pool: Pooled data fromall the Demographic Health Survey Datasets studied
Note: Thereis no data available for 0-6 monthsin Meerut study
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Web Table III Prevalence (%) of Anthropometric Deficits in 6-59 Months for the Research Dataset (Meerut study)

and the Demographic Health Survey datasets

| Nurmber | Sunting | Wasting | Thinness ‘ WaSt | Th | P-value?

Country (95% CI) (95% CI) (95% Cl) (95% CI) (95% Cl)

Research dataset: Meerut district in Uttar Pradesh, India

Meerut, IndiaP 18,452 457 16.2 115 ‘ 9.6 (9.2, 10.0) | 55(5.2,5.9) | <0.001
(45.0,46.4) | (15.7,16.8) (11.1, 12.0)

Demographic Health Survey Datasets: South and South-East Asia (a)

Bangladesh 6,795 33.0 8.3 6.5 32(28,3.7) 1.8(15, 2.1) <0.001
(31.9, 34.2) (7.7,9.0) (5.9,7.1)

Cambodia 3,831 348 9.2 7.6 36(3.1,4.2) 1.9 (15, 2.4) <0.001
(33.3, 36.3) (8.4,10.2) (6.8, 8.5)

India 186,782 401 19.2 17.0 6.6(656.7) | 42(4243) <0.001
(39.9,40.3) | (19.0,19.4) (16.8,17.2)

Maldives 2,165 14.6 9.1 7.9 1.8(1.3,24) 1.1(0.7,1.6) 0.001
(13.2,16.2) (8.0,10.4) (6.9,9.2)

Myanmar 3,716 335 6.1 52 1.8(1.2,23) 1.0(0.7, 1.4) <0.001
(32.0, 35.0) (5.4,6.9) (4.5,6.0)

Nepal 2,094 39.2 8.8 75 3.7(3.0,4.6) 2.3(18,3.1) <0.001
(37.0,41.3) (7.7,10.1) (6.4,8.7)

Pakistan 3,653 41.0 7.3 6.4 29(24,35) 1.9 (1.5, 2.4) <0.001
(39.4, 42.6) (6.5,8.2) (5.6,7.2)

Pooled SSEA® | 209,036 337 9.7 8.3 34(14,53) | 2.0(0.7,34)
(27.7,39.8) (4.1,15.3) (3.2,13.4)

Demographic Health Survey Datasets: Sub-Saharan Africa (b)

Angola 5,504 40.4 5.0 4.4 2.1(18,25) 14(1.1,18) <0.001
(39.1,41.2) (4.5,5.6) (3.9,5.0)

Benin 10,274 340 4.9 4.2 2.1(1.8,2.4) 14(1.2,1.6) <0.001
(33.1, 35.0) (4.5,5.4) (3.8, 4.6)

Cameroon 3,926 29.6 37 38 1.2(0.9,1.6) 0.8(0.6,1.1) <0.001
(28.2,31.1) (3.2, 4.4 (3.2, 4.4

Congo 3934 29.1 52 4.9(4.3,5.6) 1.4(1.0,1.8) 0.9(0.6,1.2) 0.001
(27.7,30.1) (4.6,6.0)

Ethiopia 4,499 384 8.6 6.7 39(34,45) | 21(17,26) <0.001
(37.0, 39.8) (7.8,9.5) (6.0,7.5)

Gambia 3,279 20.0 5.3 42 16(12,21) | 08(06,12) <0.001
(18.6, 21.4) (4.6,6.1) (3.6,5.0)

Ghana 2,350 20.9 43 3.9 15(1.1,2.1) 1.1(0.8, 1.6) 0.004
(19.3, 22.5) (3.5,5.2) (3.2, 4.8)

Kenya 16,421 29.1 55 48 1.9(1.7,2.1) 1.0(0.8,1.1) <0.001
(28.4,29.8) (5.1,5.8) (4.5,5.1)

Liberia 2,165 339 4.2 32 17(1.2,24) 0.9(0.6, 1.4) <0.001
(31.9,35.9) (34,5.1) (3.1, 4.1

Malawi 4,628 370 3.0 2.6 1.0(0.8,1.4) 0.6 (0.4,0.9) <0.001
(35.6, 38.4) (2.6, 3.6) (2.1, 3.0)

Mali 7,270 28.6 9.1 84 32(29,37) | 23(20,27) <0.001
(27.6, 29.6) (8.4,9.7) (7.8,9.1)

Mozambique 8,243 41.6 4.8 44 15(1.2,1.8) 09(08,1.2) <0.001
(40.6, 42.7) (4.4,5.3) (4.0, 4.9)

Nigeria 10,134 384 6.6 55 33(2.9,3.6) 2.2(19,25) <0.001
(37.4,39.3) (6.1,7.1) (5.1, 6.0)

Pooled SSAY 82,627 324 54 4.7 2.0(1.6,2.4) 1.3(1.0,15)
(28.9, 35.3) (4.6,6.2) (4.0,5.4)

Grand Pool 291,663 329 6.9 6.0 25(1.6,3.7) 15(0.7,2.4)

(a+h) (29.8, 35.9) (3.8,10.0) (3.3,86)

aP-values calculated between the prevalence of WaS and ThSt using Mc-Nemar test
b The Meerut study was conducted in 6-59 months old children

¢Pooled SSEA: Pooled estimates for South and South-East Asia
dPooled SSA: Pooled estimates for Sub-Saharan Africa
¢Grand pool: Pooled data from all the Demographic Health Survey Datasets studied
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Low PONDEROSITY AND STUNTING ASSOCIATIONS

Web Table IV Male to Female Wasting-Stunting (WaST) and Thinness-Stunting (ThSt)
prevalence ratios in 6-59 months old children for Demographic Health Survey Datasets.

Country WaS ratio (95% ThSt ratio (95%
Cl) Cl)

Demographic Health Survey Datasets: South and South-East Asia

Bangladesh 1.16 (0.9, 1.6) 1.09(0.8, 1.6)
Cambodia 127(09, 1.9) 1.06 (0.7, 1.7)
India 1.35(1.31.4) 122(12,1.3)
Maldives 232(1.2,4.7) 2.68(1.1, 6.8)
Myanmar 131(08,2.) 117(06,22)
Nepal 1.29(0.8, 2.0) 119(0.7, 2.1)
Pakistan 152(1.0, 2.2) 1.47 (0.9, 2.4)

Demographic Health Survey Datasets. Sub-Saharan Africa

Angola 213(1.4,2.1) 1.86(1.2, 3.0)
Benin 2.10(1.6,2.8) 1.82 (13, 2.6)
Cameroon 1.66 (0.9, 3.0) 1.81(0.9, 3.8)
Congo 2.07(1.2,3.7) 2.82(1.3,6.0)
Ethiopia 228(1.7,3.1) 2.17(1.4,33)
Gambia 1.70(1.0,3.0) 1.13(0.5, 2.4)
Ghana 0.92 (0.4, 1.8) 1.07 (0.5, 2.3)
Kenya 1.76 (1.4, 2.2) 1.50 (1.1, 2.1)
Liberia 0.99(0.5,1.9) 1.05 (0.4, 2.5)
M alawi 1.45 (0.8, 2.6) 1.38(0.7, 2.9)
Mali 140(1.1,1.8) 1.29(1.0,1.7)
Mozambique 161(1.1,23) 1.73(1.1,258)
Nigeria 1.94 (1.5, 2.4) 2.09 (1.6, 2.8)
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Web Table V Effect Size of Differences in Weight for height or BMI-for-age Z scores Between Combined and Single
Anthropometric Deficits in 6-59 Months Age for Demographic Health Survey Datasets

Country Weight for height Z-score BMI-for-age Z-score
Sunted Wasted Wasted and | Impact | Impact Sunted Thin only Thinand | Impact | Impact
only only Stunted (Was | (Wax only Median Stunted (Th (Th
Median Median (WaS) Vs Vs Median (Interquart (Ths) Vs Vs
(Interquar | (Interquart Median Sunted | Waste | (Interquart | ile Range) Sunte | Thin
tileRange) | ileRange) | (Interquart [ only) | donly) | ileRange) donly) | only)
ile Range)
Demographic Health Survey Datasets: South and South-East Asia
Bangladesh -0.6 -2.4 -24 2.2 0.0 -0.3 -24 -2.3 24 -0.3
(-1.2,00) | (-2.8,-2.2) | (-2.6,-2.1) (-1.0,03) | (-2.9,-2.2) | (-2.6,-2.1)
Cambodia -0.7 -25 -24 2.1 -04 -0.4 -25 -2.3 2.2 0.0
(-1.2,-0.1) | (-3.3,-2.2) | (-2.7,-2.2) (-10,0.2) | (-35,-22) | (-2.8,-2.1)
India -0.6 -2.8 -2.6 -1.99 -0.24 -0.3 -2.8 -2.6 22 -0.3
(-1.2,0.1) | (-34,-23) | (-3.1,-2.2) (-1.0,04) | (-4.3,-2.3) | (-3.1,-2.2)
Maldives -0.6 -24 -24 18 0.0 -0.3 -25 -2.2 19 0.0
(-1.3,03) | (-28,-22) | (-2.7,-2.2) (-11,05) | (-3.0,-2.2) | (-2.6,-2.1)
Myanmar -0.5 -2.4 -24 2.4 0.0 -0.2 -24 -2.3 25 0.0
(-1.0,0.1) | (-2.8,-2.2) | (-2.7,-2.1) (-0.7,05) | (-2.9,-2.1) | (-2.9,-2.1)
Nepa -0.6 -25 -25 2.3 0.0 -0.3 -24 -25 25 0.0
(-1.2,00) | (-28,-22) | (-2.9,2.2) (-09,03) | (-2.8,-2.2) | (-2.8,-2.2)
Pakistan -0.1 -2.8 -2.6 2.52 0.00 0.3 -29 -2.6 2.8 0.0
(-0.8,06) | (-3.3,-23) | (-3.2,-2.2) (-04,1.0) | (-35,-2.3) | (-34,-2.3)
Demographic Health Survey Datasets: Sub-Saharan Africa
Angola -0.2 -25 -2.6 2.8 0.0 0.2 -25 -24 2.8 0.0
(-0.8,05) | (-28,-22) | (-30,-22) (-05,09) | (-30,-22) (-28, -
2.2)
Benin -0.3 -2.4 -25 2.6 0.0 0.1 -24 -25 2.9 0.0
(-0.9,0.4) | (-2.8,-2.2) | (-2.9,-2.2) (-0.6,0.7) | (-2.9,-2.2) | (-2.8,-2.2)
Cameroon 05 -2.6 -2.7 2.7 0.0 0.8 -2.6 -2.8 3.0 0.0
(-0.4,1.4) | (-32,-22) | (-3.1,-2.2) (-0.1,1.8) | (-3.2,-2.2) (-35, -
2.5)
Congo -0.2 -25 -25 2.3 0.0 0.2 -2.6 -24 25 0.0
(-0.8,05) | (-3.0,-2.2) | (-3.2,-2.3) (-05,08) | (-3.2,-2.3) | (-3.3,-2.1)
Ethiopia -0.5 -2.4 -24 2.3 0.0 -0.2 -24 -24 24 0.0
(-11,02) | (-28,-22) | (-2.8,-2.2) (-0.8,05) | (-2.8,-2.2) | (-3.0,-2.2)
Gambia -0.6 -23 -25 23 0.0 -0.3 -2.3 -25 24 -0.4
(-1.1,00) | (-2.6,-21) [ (-2.9,-2.1) (-09,03) | (-2.6,-2.1) | (-3.4,-2.4)
Ghana -0.3 -23 -25 2.2 0.0 0.0 -24 -25 25 0.0
(-0.9,04) | (-2.7,-2.1) | (-2.9,-2.2) (-0.6,0.8) | (-2.7,-2.2) | (-2.9,-2.2)
Kenya -0.2 -25 -24 25 0.0 0.2 -25 -25 2.8 0.0
(-0.9,05) | (-2.9,-2.2) | (-2.9,-2.2) (-06,09) | (-3.0,-2.2) | (-2.9,-2.3)
Liberia 0.1 -2.4 -25 2.9 0.0 0.4 -2.6 -2.3 2.7 0.0
(-0.6,07) | (-29,-22) | (-2.8,-2.2) (-03,1.0) | (-3.3,-2.2) | (-2.8,-2.2)
Maawi 0.1 -25 -24 2.8 0.0 0.4 -2.6 -24 3.2 0.0
(-05,07) | (-30,-22) | (-2.7,-2.2) (-03,1.0) | (-3.2,-2.3) | (-2.7,-2.1)
Mali -0.5 -25 -2.7 23 0.0 -0.1 -25 -25 24 0.0
(-1.1,0.3) | (-3.0,-2.2) | (-3.1,-2.3) (-0.8,0.6) | (-3.0,-2.2) | (-2.9,-2.2)
Mozambiqu 04 -2.7 -2.7 29 0.0 0.8 -2.8 -2.7 3.2 0.0
e (-0.3,1.2) | (-3.2,-2.3) | (-3.2,-2.2) (0.0,1.6) | (-34,-2.3) | (-3.3,-2.3)
Nigeria -0.2 -25 -25 2.6 0.0 0.2 -2.6 -25 2.9 0.0
(-09,04) | (-30,-2.2) | (-3.1,-2.2) (-06,08) | (-3.1,-2.3) | (-3.0,-2.2)
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Web Table VI Effect Size of Differences in Height-for-age Z scores Between Combined and Single Anthropometric
Deficits in 6-59 Months Age for Demographic Health Survey Datasets

Country Height-for-age Z-score
Stunted only | Wasted only | Wastedand | Impact | Impact Thin only Thin and Impact | Impact
Median Median Stunted Was | (Was Median Sunted (Ths | (Th&
(Interquartile | (Interquartile (Wast) S S (Interquartile (ThS) Vs Vs
Range) Range) Median Sunted | Wasted Range) Median Sunted [ Thin
(Interquartile | only) only) (Interquartile | only) only)
Range) Range)
Demographic Health Survey Datasets: South and South-East Asia
Bangladesh -2.6 -0.9 -2.7 0.0 1.6 -0.7 -2.6 0.0 1.6
(-3.1,-2.3) (-1.5,-0.1) (-3.2,-2.4) (-1.4,0.3) (-3.2,-2.3)
Cambodia -2.6 -0.7 -2.7 0.0 15 -0.4 -25 0.0 1.6
(-3.1,-2.2) (-1.4,0.7) (3.3,-2.3) (-1.2,0.9) (-3.0,-2.2)
India -2.8 -0.5 -2.9 0.0 18 -0.3 -2.8 -0.1 1.8
(-3.5,-2.4) (-1.3,0.7) (-35,-2.4) (-1.1,0.9) (-3.4,-2.3)
Maldives -25 -0.9 -24 0.0 15 -0.6 -25 0.0 17
(-3.0,-2.2) (-1.4,0.0) (-2.9,-2.1) (-1.3,0.2) (-2.8,-2.1)
Myanmar -2.6 -0.9 -2.6 0.0 15 -0.7 -2.5 0.0 1.6
(-31,-23) (-1.5,-0.3) (-3.0,-2.2) (-1.4,-0.1) (-3.1,-2.2)
Nepal -2.7 -0.9 -2.8 0.0 2.0 -0.8 -2.8 0.0 21
(-3.2,-2.3) (-1.6,-0.2) (-3.2,-2.3) (-1.5, 0.0) (-3.2,-2.3)
Pakistan -3.0 -0.6 -3.0 0.0 18 -0.4 -3.0 0.0 1.9
(-3.8,-2.4) (-1.3,0.4) (-3.7,-2.4) (-1.2,0.6) (-3.7,-2.4)
Demographic Health Survey Datasets. Sub-Saharan Africa
Angola 2.8 -0.7 -3.0 0.2 16 [ -03(-1211) -3.0 0.0 17
(-34,-2.4) (-1.4,0.8) (-4.0,-2.3) (-3.8,-2.4)
Benin -2.6 -1.0 -3.0 -0.2 17 -0.8(-1.4,0.0) -2.9 -0.2 17
(-3.2,-2.3) (-1.5,-0.2) (-3.6,-2.5) (-3.6,-2.4)
Cameroon -2.9 -0.2 -2.8 0.0 18 0.0(-0.8,1.3) -2.7 0.0 17
(-3.6,-2.4) (-1.0,0.7) (-3.7,-2.4) (-3.5,-2.4)
Congo -2.7 -0.1 -2.9 0.0 2.0 0.2(-0.7,1.3) -2.7 0.0 20
(-33,-23) (-1.1,1.0) (-3.6,-2.4) (-35,-2.3)
Ethiopia -2.8 -0.9 -3.0 -0.2 18 -0.6 (-1.3,0.5) -2.8 0.0 1.9
(-3.3,-2.3) (-1.4,0.0) (-3.8,-2.4) (-3.3,-2.3)
Gambia -25 -1.0 -25 0.0 2.0 -0.9 (-1.4, - -25 0.0 11
(-2.9,-2.2) (-1.5,-0.5) (-2.9,-2.2) 0.4) (-34,-2.1)
Ghana -25 -0.6 -2.8 0.0 18 -0.4(-1.1,0.3) -2.6 0.0 18
(-3.0,-2.2) (-1.3,0.0) (-34,-2.3) (-35,-2.3)
Kenya -2.6 -0.5 -2.8 -0.2 19 -0.3(-1.2,0.8) -2.8 0.0 19
(-3.1,-2.3) (-1.3,0.5) (-3.4,-2.4) (-3.3,-2.4)
Liberia -2.6 -0.5 -3.3 -0.1 19 -0.4(-1.1,0.9) -3.2 0.0 2.0
(-32,-2.3) (-1.2,0.8) (-3.9,-2.8) (-3.9,-2.7)
Malawi -2.6 -0.4 -3.0 -0.3 17 0.3(-0.9,1.3) -2.8 0.0 2.2
(-3.1,-2.3) (-1.2,1.1) (-3.8,-2.6) (-3.5,-2.4)
Mali -2.7 -0.6 -2.9 -0.2 18 -0.3(-1.0,0.9) -2.9 0.0 19
(-34,-2.3) (-1.2,05) (-3.6,-2.4) (-35,-2.3)
Mozambique -2.8 -0.1 -3.1 0.0 18 0.2(-0.8,1.6) -3.1 0.0 21
(-3.5,-2.4) (-1.1, 1.5) (-3.7,-2.5) (-3.7,-2.5)
Nigeria -2.9 -0.9 3.3 0.2 1.8 | -05(-14,08) 3.2 0.2 1.8
(-3.6,-2.4) (-1.5,0.3) (-4.0,-2.6) (-3.9,-2.5)
INDIAN PEDIATRICS 768 VOLUME 59—OcTOBER 15, 2022




RAJEEV,ETAL.

Web Table VII Correlation Coefficients for Weight for height and BMI-for-age in 0-59 Months Children for Demographic Health
Survey Datasets

Country Correlation between | Coefficientsof log | Correlation between | Correlation Correlation between | Correlation between
Body mass index-for-{ weight regressed | Body mass index- between Weight Body mass index- Weight for height (z-
age (z-scores) and | onlog height for-age (z-scores) for height (z- for-age (z-scores) scores) and Height
Weight for height (z-| (95% Cl); P and Weight (kg) scores) and and Height(cm) (cm) (95% ClI); P
scores) (95% Cl); P (95% Cl); P Weight (kg) (95% | (95% ClI); P

Cl); P
Demographic Health Survey Datasets: South and South-East Asia
Bangladesh 0.97 1.88 0.23 0.18 -0.07 -0.12
(0.96, 0.97); (1.86, 1.89); (0.21, 0.25); (0.16, 0.20); (-0.09, -0.04); (-0.15, -0.10);
<0.001 <0.001 <0.001 <0.001 <0.001 <0.001
0.97 1.83 0.23 0.22 -0.09 -0.12
(0.97,0.97); (1.82, 1.85); (0.21, 0.26); (0.17, 0.23); (-0.12, -0.06); (-0.15, -0.09);
Cambodia <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
India 0.97 1.86 0.33 0.32 -0.04 -0.06
(0.97,0.97); (1.85, 1.86); (0.32,0.33); (0.31, 0.32); (-0.05, -0.03); (-0.07, -0.05);
<0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Maldives 0.98 181 0.33 0.31 -0.08 -0.09

(0.98, 0.98); (1.78, 1.82); (0.28, 0.36); (0.28, 0.35); (-0.12, -0.04); (-0.13, -0.05);
<0.001 <0.001 <0.001 <0.001 0.001 <0.001

Myanmar 0.97 1.82 0.24 0.22 -0.06 -0.09

(0.97,0.98); (1.81, 1.84); (0.21, 0.27); (0.19, 0.25); (-0.09, -0.03); (-0.12, -0.06);
<0.001 <0.001 <0.001 <0.001 0.001 <0.001

Nepal 0.92 2.58 041 0.30 -0.05 -0.19

(0.89, 0.93); (2.4, 2.8); (0.29, 0.51); (0.18, 0.42); (-0.18, 0.08); (-0.31, -0.06);
<0.001 <0.001 <0.001 <0.001 0.424 0.005
Pakistan 0.97 193 0.35 0.33 0.04 0.00
(0.96, 0.97); (1.91, 1.95); (0.32,0.38); (0.29, 0.35); (0.01, 0.07); (-0.03, 0.03);
<0.001 <0.001 <0.001 <0.001 0.008 0.776
Demographic Health Survey Datasets: Sub-Saharan Africa
Angola 0.96 1.88 0.27 0.22 -0.02 -0.07
(0.96, 0.96); (1.87, 1.89); (0.24,0.29); (0.20, 0.25); (-0.04, 0.01); (-0.09, -0.04);
<0.001 <0.001 <0.001 <0.001 0.226 <0.001
Benin 0.96 1.95 0.34 0.28 0.09 0.03
(0.96, 0.96); (1.94, 1.96); (0.32,0.35); (0.27, 0.30); (0.07,0.11); (0.01, 0.05);
<0.001 <0.001 <0.001 <0.001 <0.001 0.003
Cameroon 0.97 1.88 0.31 0.30 -0.03 -0.04
(0.97,0.97); (1.86, 1.89); (0.28, 0.33); (0.27,0.32); (-0.06, 0.0); (-0.07, -0.01);
<0.001 <0.001 <0.001 <0.001 0.0867 0.005
Congo 0.97 1.88 0.29 0.27 0.0 -0.03
(0.97,0.97); (1.86, 1.90); (0.27,0.32); (0.24, 0.30); (-0.03, 0.03); (-0.06, 0.00);
<0.001 <0.001 <0.001 <0.001 0.863 0.052
Ethiopia 0.97 1.85 0.22 0.21 -0.08 -0.10
(0.96, 0.97); (1.84, 1.87); (0.19, 0.25); (0.18, 0.24); (-0.11, -0.05); (-0.12, -0.07);
<0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Gambia 0.97 1.82 0.09 0.05 -0.16 -0.21

(0.97,0.97); (1.80, 1.83); (0.06, 0.12); (0.02, 0.08); (-0.20, -0.13); (-0.24,-0.18);
<0.001 <0.001 <0.001 0.004 <0.001 <0.001

Ghana 0.98 194 0.38 0.37 0.11 0.10

(0.97, 0.98); (1.92, 1.96); (0.34,041),; (0.33, 0.40); (0.08, 0.15); (0.06, 0.14);
<0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Kenya 0.98 181 0.19 0.18 -0.12 -0.14

(0.98, 0.98); (1.80, 1.82); (0.18, 0.21); (0.17, 0.20); (-0.14, -0.11); (-0.15, -0.13);
<0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Liberia 0.97 1.88 0.28 0.23 0.02 -0.04
(0.96, 0.97); (1.86, 1.91); (0.24, 0.32); (0.19, 0.27); (-0.02, 0.06); (-0.08, 0.00);

<0.001 <0.001 <0.001 <0.001 0.360 0.064

Malawi 0.97 181 0.21 0.18 -0.09 -0.13
(0.97,0.97); (1.79, 1.83); (0.18, 0.24); (0.15, 0.20); (-0.12, -0.07); (-0.16, -0.11);

<0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Mali 0.97 191 0.32 0.31 0.03 0.02

(0.97,0.97); (1.90, 1.92); (0.30, 0.34); (0.29, 0.33); (0.01, 0.05); (-0.01, 0.04);
<0.001 <0.001 <0.001 <0.001 0.006 0.142
Mozambique 0.97 1.88 0.31 0.27 -0.02 -0.06
(0.96, 0.97); (1.87, 1.90); (0.29, 0.32); (0.25, 0.29); (-0.04, 0.00); (-0.08, -0.04);
<0.001 <0.001 <0.001 <0.001 0.103 <0.001
Nigeria 0.96 194 0.35 0.33 0.10 0.07
(0.96, 0.96); (1.93, 1.95); (0.34, 0.37); (0.32,0.35); (0.07,0.12); (0.05, 0.09);
<0.001 <0.001 <0.001 <0.001 <0.001 <0.001
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Cambodia (2014)
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Pakistan (2017-18)

Heterogeneity: 1" = 0.09, I" = 79.34%, H' = 4.84
Test of 8 = 8;: Q(6) = 29.04, p = 0.00

Sub-Saharan Africa (DHS Year)
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Mozambique (2011)

Nigeria (2018)

Heterogeneity: 1 = 0.15, 1 = 80.25%, H = 5.06
Test of 8, = B Q(12) = 60.75, p = 0.00

Overall
Heterogeneity: T = 0.13, 1" = 85.71%, H' = 7.00
Test of & = 8;: G(19) = 132.96, p = 0.00

Test of group differences: Qu(1) = 1.14, p = 0.29

Random-effects DerSimonian-Laird mode!
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Testof 8 = B;: Q(6) = 13.82, p=0.03

Sub-Saharan Africa (DHS Year)
Angola (2015-16)

Benin (2017-18)

Cameroon (2018)

Congo (2011-12)

Ethiopia (2019)

Gambia (2019-20)

Ghana (2014)

Kenya (2014)
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Malawi (2015-16)

Mali (2018)

Mozambique (2011)

Nigeria (2018)

Heterogeneity: 1 = 0.05, I = 73.73%, H' = 3.81
Testof & = 8;: Q(12) = 45.68, p= 0.00

Qverall
Heterogeneity: 7' = 0.04, I' = 78.32%, H' = 4.61
of 8 = 8;: Q(19) = 87.62, p = 0.00

Test of group differences: Qu(1) = 3.68, p = 0.06
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[95% C1] (%) | study [35% CI] (%)
South and South-East Asia (DHS Year) 1
134 [1.04, 1.64] 6.02 | Bangladesh (2017-18) :—-— 131 [0.96, 166] 573
139 [0.94, 184] 506 | cambodia (2014) % i 1.05 [0.70, 1.40] 573
081 [0.76, 0.86] 7.07 [ India (2015-16) " 064 [0.59, 0.69] 859
168 [0.88, 248] 312 | maldives (2016-17) —— 107 [0.32, 1.82] 259
073 [043, 1.03] 602 | Myanmar (2015-16) —— 0.94 [0.49. 1.39] 469
131 [0.76, 1.86] 4.43 | Nepal (2016) —— 097 [0.52, 1.42] 469
133 [0.83, 1.83] 474 | Pakistan (2017-18) —— 065 [0.35, 0.95] 6.30
115 [0.88, 1.42] Heterogeneity: * = 0.06, I' = 73.86%, H' = 3.83 L 3 0.91 0.8, 1.14]
Testof & = 8;: Q(6) = 22.95, p = 0.00 :
Sub-Saharan Africa (DHS Year) 1
133 [0.93, 1.73] 539 | Angola (2015-16) ek 0.79 [0.44, 1.14] 573
1.75 [1.35, 215] 539 | Benin (2017-18) 4 101 [0.66, 1.36] 5.73
118 [0.58, 1.78] 414 | Cameroon (2016) L 110 [0.45, 1.75] 3.3
101 [061, 1.41] 538 | Congo (2011-12) — 061 [0.31, 0.91] 630
1.80 [1.30, 2.30] 4.74 | Ethiopia(2019) —-l— 084 [0.54, 1.14] 630
192 (112, 272] 312 | Gambia (2019-20) :—— 154 [064, 244] 198
213 [0.78, 348] 153 | Ghana(2014) T 2% 0% 370 0%
143 [1.18, 166] 6.32 | Kenya (2014) T 104 [079, 129] 6.88
099 [0.39, 159] 414 | Liberia(2019-20) —T———— 203068 338 100
089 [0.49, 129] 539 | Malawi (2015-16) —e— 086 [0.36, 1.36] 4.24
138 [1.08, 168] 6.02 | Mall(2018) — 1.48 [1.08, 1.88] 5.20
0.70 [0.50, 0.90] 6.58 | Mozambique (2011) - | 0.51 [0.36, 0.66] 7.93
186 (146, 226] 533 | Nigeria (2018) = 127 [0.97. 157] 6.30
1.35 [1.10, 1.60] Heterogeneity: T = 0.10, I’ = 76.96%, H' =4.34 - 1.01 [0.79, 1.23]
Test of 8 = 8;: Q(12) = 52.07, p = 0.00 1
1
1.28 [1.09, 147] Overall ¢ 0.96 0.81, 1.10]
Heterogeneity: T° = 0.06, I’ = 77.55%, H’ = 4.45 I
Testof 8 = 8;: Q(19) = 84.64, p = 0.00 :
Test of group differences: Q:(1) = 0.38, p = 0.54
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meont tpol Thin and Stunted (ThSt): Girls ~ OddsRatio  Weight
%) | study [95% CI] (%)
South and South-East Asia (DHS Year) I
0.72 [047, 0.97] 575 | Bangladesh (2017-18) -v: 0.78 [0.53, 1.03] 564
063 [038, 0.88] 575 | cambodia (2014) - 058 [0.33, 0.83] 564
0.47 [042, 0.52] 785 | ingia (2015-16) LI 040 [0.34, 0.46] 888
1.05 [045, 1.65] 247 | Maldives (2016-17) e 0.62 [0.02, 122] 2.00
0.41 [0.21, 0.61] 6.39 | Myanmar {2015-16) = 0.54 [0.24, 0.84] 4.83
0.73 [0.38, 1.08] 454 | Nepal (2016) 063 [028, 098] 413
0.80 [045, 1.15] 454 | pakistan (2017-18) - | 045 [0.25, 065] 6.55
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0.65 [0.50, 0.80] 7.00 | Kenya(2014) - 057 [042, 072] 7.48
058 [013, 1.03] 354 | Liberia (2019-20) s e 110 [0.15. 205] 0.92
0.56 [021, 0.91] 454 | Malawi (2015-16) e | 048 [0.18, 0.78] 4383
0.89 [069, 1.09] 639 | Mali(2018) -+ 0.99 [0.74. 124] 564
0.42 [0.27, 0.57] 7.00 Mozambigue (2011) - 1 028 [0.18, 0.38] 8.32
127 [097, 1.57] 512 | Nigeria (2018) - 078 [0.58, 0.98] 6.55
0.80 [0.64, 0.95] Heterogeneity: 1 = 0.05, I' = 78.03%, H' = 4.55 ¢ 0.61 0.45, 0.76]
Test of 8 = §;: Q(12) = 54.63, p = 0.00 I
1
0.74 [0.62, 0.85] Overall ol 0.57 [0.48, 0.57]
Heterogeneity: ' = 0.03, I' = 72.56%, H' = 3.64 I
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Web Fig. 1 Sex differences in wasting-stunting (WaSt) and thinness-stunting (ThSt) associations in under-five chil-
dren in Demographic Health Survey datasets.
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Odds Ratio ~ Weight . Odds Ratio ~ Weight

i Wasted and Stunted (WaS) e wf') i Thin and Stunted (Tht) ic (,73
South and South-East Asia (DHS Year) i South and South-East Asia (DHS Year) i
Bangladesh (2017-16) — 048 [023,102] 729 | Bangladesh (2017-18) | 175 [112, 274 670
Cambodia (2014) —_— 023 008, 085 582 | Cambodia (2014) — 079 [0.38, 163 592
India (2015-16) L 030 [027, 033) 1004 | India (2015-16) T 083 078, 048] 730
Myanmar (2015-16) ———— 056 [0, 274 371 | Myanmar (2015-16) +—— 222 088, 559) 520
Nepal (2016) —_—t 044 1010, 197 399 | Nepal (2016) s S 104 032, 340 449
Pakistan (2017-18) —+— 079 032194 653 | Pakistan (2017-19) | —— 288 [160, 519 632
Angola (2015-16) | 023 [007, 073 531 | Angola (2015-16) o 188 [100, 352 621
Heterogeneity 1 = 0.03, I'= 18.96% K = 1.19 ¢ | 0.34 [0.26, 0.45] Heterogeneity: T = 030, = 83.94%, H = 6.23 = 145 [090, 239]
Test of 6, = §;: Q[6) = 7.14,p= 0.3 : Testof 6, = 6,: Q(6) = 37.37, p=0.00 :
Sub-Saharan Africa (DHS Year) I Sub-Saharan Africa (DHS Year) I
Benin (2017-18) - 112 [088, 1.85] 864 | Benin (2017-18) I 375 251, 561 681
Ethiopia (2019) — 033 (0.1, 099 554 | Ethiapia (2019) —l 105 049, 225 579
Gambia (2013-20) —I'—HQ 028, 5001 420 | Gambia (2019-20) : ————(29 [253, 1566] 532
Ghana (2014) — 115 [028, 479] 423 | Ghana(2014) —l-— 142 031, 661 35
Kenya (2014) T 070 [0:31, 1.57) 7.0 | Kenya (2014) 166 [091, 303 629
Liberia (2019-20) T U018, 340 412 | Liberia (2019-20) [ 286 0%, 8 48
Malawi (2015-16) ———— 083 11,260 37t [ v 20t5:15) T+ 250 0% 677 50
Mali (2018) ———— 0% (020 476] 374 | yai(2018) | —— 25 [161, 413] 665
Mozambique (2011) — 062 032 119 785 | yozambique (201) | —— 191 121, 302 668
Nigeria (2018) —te— 1231088 218 826 | igeria (2018) | —— 414273 621 678
Heterogeneity: = 0,00, = 0.00%,H*= 100 < 088 068, 1.19 Hetaroganeity: ' = 0.43, = §7.60%, ' = 2.6 | & 250 [189, 35
Testof = 6,: Q(9) =7.43, p=0.59 : Testof 6,=8;: Q(9) = 21.22, p= 0.1 |

|
Overall 0' 0.59 [0.40, 0.87] Overall | <> 200 [1.34, 3.00]
Heterogeneity: T = 0.38, I = 76.53%, H' = 4.26 | Heterogeneity: = 0.58, ' = §1.83%, H. = 1224 |
Testof =8, Q(16) =68.19, p= 0.00 : Testof =1, Q(16)= 19563, p =0.00 :
Test of group differences: Qy(1) =23.93, p = 0.00 | Test of group differences: Q,(1) = 3.97, p=0.05 |

104112 4 o1 o2 4 8

Random-effects DerSimonian-Laird mod! Age-group: Q-6 months | efects DerSimonian-Laird model Age-group: 0-5 months

Web Fig. 2 Summary of wasting-stunting (WaSt) and thinness-stunting (ThSt) associationsin 0-6 months old infants
in the Demographic Health Survey datasets.
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Odds Ratio ~ Weight] OddsRatio  Weight
Study Wasted and Stunted [95% CI] () | Study Thin and Stunted (ThSt) [95% CI] (%)
South and South-East Asia (DHS Year) A South and South-East Asia (DHS Year) :
Bangladesh (2017-16) :+ 132 [107, 157 558 | Bangladesh (2017-18) +: 074 [059, 089 586
Cambodia (2014) ™ 122 [097, 147) 558 | Cambodia (2014) + | 061 [045. 076] 58
India (2015-16) | 073 [068 078) 635 | India (2015-16) L 044 (030 049) 672
Maldives (2016-17) +—— 146 [086, 206] 349 | Madies (2016-17) — 088 [048, 128) 316
Myanmar (2015-16) -} 082 [057, 107) 556 | Myanmar (2015-16) -+ | 047 [0.27, 067) 530
Nepal (2016) —t— 115 [075, 155 466 | Nepal (2016) - 068 [043 093 470
Pakistan (2017-18) -4 085 [070, 120] 556 | Pakistan (2017-18) + | 062 [047, 077] 588
Heterogeneity: 1 = 0.07, I = 86.26%, H' = 7.28 ? 105 [0.82, 1.28] Heterogeneity: 1 = 0.02, I = 76.40%, H' =4.24 ¢! 050 [0.48, 0.72]
Test of 8 = B Q(5) = 43.67, p=0.00 | Testof 8 = B;: Q(5) = 25.42, p=0.00 :
Sub-Saharan Africa (DHS Year) I Sub-Saharan Africa (DHS Year) I
Angola (2015-16) —:-— 110 [0.85, 1.35] 558 | Angola (2015-16) +: 069 [049, 089 530
Benin (2017-18) | 142 117, 167 558 | Benin (2017-18) + 085 075 115 530
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Cango (2011-12) —t 084 [054, 114] 529 | Congo (2011-12) -+ | 053 [0.33, 073 530
Ethiopia (2019) - 1235 [1.05 165 529 | Ethiopia (201) | 073 [0.58, 088) 588
Gambia (2019-20) | —— 178 [1.18, 230] 349 | Gambia (2019-20) —— 097 [052, 142) 276
Ghana (2014) | ————219 (124, 314) 207 | Ghana (2014) 4 152 [082, 222] 150
Kenya (2014) - 127 [107, 147) 585 | Kenya (2014) s 062 [052 072 638
Liberia (2019-20) d o 138 [076, 198 349 | Liberia (2019-20) sl 077 [037, 117 316
Malawi (2015-16) - 089 [054, 124] 498 | Malawi (2015-16) i | 052 [0.27, 077] 470
Mali (2018) :+ 143 [1.18, 168] 558 |Mali(2018) -1|- 094 (079, 109) 588
Mozambigue (2011) ) 061 [046 076) 607 | Mozambigue (2011) * 036 [0.26 046] 638
Nigeria (2016) | - 162 [197, 187 558 | Nigeria (2018) + 107 [087, 127 530
Heterogeneity: 1° = 0.13, I' = 86.81%, H' = 7.58 R 2 125 [1.03, 1.48] Heterogeneity: 1° = 0.05, I' = 85.80%, H' = 7.04 ¢ 074 [0.60, 0.88]
Testof 8 = & Q[12) = 30.95, p = 0.00 | Testof 8 = B Q[12) = 8451, p = 0.00 |
| |
Overall ¢ 1418 [1.01, 1.35] Overall ¢l 069 [0.59, 0.79]
Heterogeneity: 1° = 0.11, I = 89.96%, H' =9.96 I Heterogeneity: 1° = 0.0, I = 85.61%, H' = 6.95 I
Testof 8= 8;: Q(19) = 189.323, p=0.00 [ Testof 8= 8;: Q[19) = 132.03, p=0.00 |
Test of group differences: Qq(1) =148, p=0.22 Il Test of group differences: Qq(1)=2.18, p=0.14 I|
000 100 200 300 000 100 200 300

Random-effects DerSimonian-Laird mode!

Age-group: 6-39 months

Random-effects DerSimonian-Laird mode! Age-group: 6-59 months

Web Fig. 3 Summary of wasting-stunting (WaSt) and thinness-stunting (ThSt) associationsin 6-59 monthsold children

in the Demographic Health Survey datasets.
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Objective: To determine the burden of early growth faltering
and understand the care practices for small and sick babies
discharged from newborn units in the district.

Study design: Observational and follow-up study.

Participants: 512 babies discharged from two Special
Newborn Care Units (SNCUs) and four Newborn Stabilization
Units (NBSUSs) in two districts of Himachal Pradesh.

Methods: Anthropometric assessments, interview of mothers
and Accredited Social Health Activists (ASHAs) conducted
between August, 2018 and March, 2019. Change in weight-for-
age z-score (AWAZ) of <-0.67SD between birth and
assessment was used to define growth faltering.

Outcomes: Proportion of growth faltering (or catch-down
growth) in small and sick babies discharged from SNCUs and
NBSUs, and infant care practices.

Results: Growth faltering was observed in a significant
proportion of both term (30%) and preterm (52.6%) babies
between 1 to 4 months of age. Among babies with growth

faltering (n=180), 73.9% received a home visit by ASHA, and only
36.7% received a follow-up visit at a facility. There were 71.3%
mothers counselled at discharge (mostly informed about breast
feeding). Most (96.7%) mothers did not perceive inadequate
weight gain in their babies post-discharge. During home visits,
ASHAs weighed 61.6% of the infants with growth faltering.
Amongst infants who had growth faltering, only 49.6% of
mothers had been provided information about their infant's
growth and 57.1% mothers had received breastfeeding
counselling.

Conclusion: Small and sick newborn infants (both term and
preterm babies) discharged from special care newborn units are
at increased risk of early growth faltering. Follow-up care
provided to these infants is inadequate. There is a need to
strengthen both facility-based and home-based follow up of
small and sick newborn infants discharged from newborn care
facilities.

Keywords: Catch-down growth, Growth monitoring, Low birth
weight, Preterm.

hile there has been significant decline in

neonatal mortality in India over the past

few decades, bending the curve further

requires greater focus on small and sick
babies and addressing failure to thrive in these babies
beyond survival [1,2]. Small and sick babies are newborn
welighing <2500 g at birth (includespreterm, low-birth-weight
(LBW) and small for gestational age (SGA) new-borns) or
newborns with any medical/surgica condition [3]. These
babies often requireinpatient care and have the highest risk
of death. Following inpatient care, small and sick survivors
remain at increased nutritional and developmenta risks;
most of thelongterm consequencesarelargely preventable;
though, with effectivefollow upcare[2, 4-6].

Cut-offsfor defining growth faltering havevaried from-
0.67 to>-2weight for agez-score (WAZ) indifferent studies
[7-12]. Globaly, growth faltering in pediatric popul ation has
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been reported to vary from about 2%t021%(7,13]. InIndia,
findingsfrom nationa surveyshighlight high prevalence of
stunting (20.1%), wasting (31.9%), and underweight (26.7%0)
in children under six months of age [14]. However, recent

Invited Commentary: Pages 753-54.

studies suggest that the cut-off of -0.67 WAZ scoresdefined
as catch-down growth rather than growth faltering should
be used to enable early detection of growth deviation, and
implementation of interventions which that would prevent
children from experiencing greater degrees of growth
fdtering[7-9,12,15].

Severa studies have assessed growth fatering in
pretermor LBW babiesin India; however, thereisapaucity
of such dataamong at-risk neonatesdischarged from district
level Special Newborn Care Units (SNCUs) and Newborn
Stabilization Units (NBSUs) [8,16,17]. The current
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programmetic dimens onsal so do not adequately capturethe
thrivecomponent[12]. Therefore, thisstudy wasundertaken
in an attempt to fill this gap; to understand the burden of
growth fatering (animportant metricto assessthrive) inearly
infancy, and the care practicesfor small and sick babies.

METHODS

Thiswasan observational and follow-up study conducted
between August, 2018 and May, 2019 in two districts of
Himachal Pradesh (HP). Of the 12 districtsinthe state, two
districts (Kangraand Sirmaur), which both had afunctional
SNCU and NBSU, and reported a higher proportion of
admissionsduring thefinancial year (2017-2018) preceding
the study initiation year were included. All functional
SNCUsand NBSUsinthe selected districtswereincluded.
All newborn infants admitted to these facilities between
April, 2018 and February, 2019 served as the potential
participants for the study.

Infants were included into the study if they had been
discharged alive from theidentified SNCUs and NBSUs,
wereresidentsof thetwoidentified districts, located within
150 kmsof theidentified facilities, and were aged between
1and 4 monthsat thetime of datacollection.

The estimated sample size was 384 assuming
prevalence of growth faltering to be 20%, with arelative
precision of 20% with aconfidence of 95%. Since, growth
faltering datafor infants aged between 1 and 4 monthswas
not available, thereported prevalence of wasting, stunting
and underweight as 21%, 38% and 36%, respectively in
NFHS-4 was considered asthe best proxy [1].

For the purpose of the study, changeinweight for age
z-score (WAZ) of <-0.67SD between two time pointswas
defined as growth faltering (catch-down growth) as
suggested by recent literature [7-9]. Intergrowth 21st
standards were used for WAZ calculation for preterm
babies and World Health Organization (WHQO) Child
growth standards was used for term babies [18,19]. For
babies reassessed during the second follow-up visit
(beyond 64 weeks postmenstrual age), z-scoresfor growth
parameters were calculated using WHO child growth
standards (using STATA i-growup package).

To ensure optimal recruitment to meet the estimated
sample size and ensure geographical representation,
planning of theroutefor datacollection wascritical, given
thedifficult terrain of thetwo districtsand theintervening
monsoon and winter months during the period of data
collection. Datacollection wasplanned block-wisein each
district based onfeasibility of travelling with eachvisittoa
health block ranging between 3-5 days.

During the visit to the home of the identified infant,
relevant demographic, maternal and infant care practicedata
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were collected from the mother, and theinfant’ sweight was
recorded using an el ectronic scalewith acapacity of 20kgand
a sengitivity of 5 g (Crown Scales) by trained study
personnel. Birth weight was documented as per facility
record. ThevillageASHAswereasointerviewed to collect
information on infant care practices followed by her. Pre-
designed, pilot tested toolswere used to collect data.

Standardization of welght measurement of theinfant was
carried out using the intergrowth 21% protocol during the
Facility Based Newborn Caretraining sessionsorganizedin
thestateand at Safdarjung Hospital, Delhi [20]. Calibration
of theweighing scalewasdoneat |least twiceaweek. Thedata
collected during the home visits were checked for
compl eteness through atwo-pronged check at thefield site
(before ending the home visit sessions) as well as by the
supervisors. Amongst the infants enrolled for the study, a
reassessment for validation of the growth data was
conductedin asubset of 100 babies (between January, 2019-
March, 2019). In addition, periodic monitoring and onsite
supervision was done by a team of speciaists to ensure
quality. Repeat trainingswere conducted by the monitoring
team, if required.

In addition to the growth assessment of infants,
indepthinterviewswere carried out with 42 mothers/care-
giversand 12 ASHAs along with non-formal interactions
and group discussions using semi-structured interview
guides and qualitative data analyzed using grounded
theory approach (data not presented).

Ethical approval was obtained from the Institutional
Ethics Committee. Written informed consent was taken
from the mothers/caregiversinterviewed. Administrative
approvals were obtained from the state and district
authorities before commencement of the study.

Satistical analysis. All satistical analyses was
conducted using STATA version 16.1 (Stata Corp).
Proportion (with 95% CI) of babieswith growth faltering
was estimated between birth, assessment, and
reassessment. Comparisons were made between
subgroups stratified by gender, birth weight and
gestational age using chi-squaretest. Multivariatelogistic
regression analysis was performed considering growth
faltering as dependent variable and gestational age
(preterm vs term) as independent variable; covariates
adjusted in the regression analysis included gender, birth
order, age on assessment, mother’s age, antenatal illness,
number of indications for hospitalization, post discharge
ilInessand number of follow-up visits. A probability of 5%
(P<0.05) wasconsidered statistically significant.

RESULTS
There were 2841 babies admitted to the SNCUs and
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NBSUs identified for the study in the two districts of
Kangra and Sirmour between April, 2018 and February,
2019. Of these879infantsweredigibleforinclusioninthe
study. The study enrolled 518 infants whose parents gave
consent. Six babieswithout birth weight record werelater
excluded and hence 512 infantswereincluded for analysis.
Table | providesthe baseline characteristics of the study
participants. Theinfantsat enrolment had amean (SD) age
of 74.8 (26.5) days. Themean (SD) gestational ageat birth
was 37.4 (2.1) weekswith amean (SD) birthweight of 2.6
(0.6) kg.

At birth, average (SD) weight of term and preterm
babieswas2.8(0.4) kgand 2.1 (0.6) kg, respectively. Atthe
time of assessment, theaverage (SD) weight was4.9(1.1)
kg and 3.7 (1.3) kg, and the median (IQR) weight gain
during theperiodwas2 (1.4, 2.6) kgand 1.5 (0.8, 2.3) kgin
term and preterm babies, respectively. In the validation
cohort reassessed at amean (SD) ageof 116.7 (15.4) days,
the median (IQR) weight gain between assessment and
reassessment was 1.2 (0.7, 1.7) kgand 1.5 (1.0, 2.1) kg in
termand preterm babies(Tablel ).

Growth faltering (catch-down growth) wasobservedin
30% of 396 term babies, and 52.6% of 116 of preterm
infants. Fig. 1 depictsthe magnitude of growth faltering at
the ages of assessment stratified by gestation. Growth
faltering was also noted in 38% of the validation cohort
who were reassessed. Although the difference in growth
fatering among the term and preterm babies was
statistically significant (P<0.001), regression anaysis
observed that gestation could only explain about 8% of
thevariability ingrowth (Web Tablel).

When the mother’s perception of growth falteringwas
assessed, 96.7% of the mothers did not perceive inade-

21

Table | Baseline Characteristics of Included Babies
Discharged From Inpatient Care Facilitiesin Two Districts
of Himachal Pradesh, 2018-19 (N=512)

Characterigtics Value
Maternal characteristics
Household members? 6.7 (2.6)
Annual householdincome, INR? 1.8Lakhs
(20,000, 3 Lakhs)
Maternal age, y2 26.1(4)
Maternal education status
Higher senior secondary or graduate 305(9.5)
Secondary or Senior secondary 136(0.7)
Primary or literate (can read or write) 63(12.3)
Illiterate 8(15)
Maternal antenatal illness 131(25.6)
Antenatal visits? 37(12
Neonatal characteristics
Mae 276(53.9)
Low birthweight (<2500 g) 169(33.0)
Preterm (<37 wk) 116 (22.7)
Birth order 1.6(0.7)
Birthinterval <24 mo? 72(14.1)
Facility birth 500(97.7)
Hospitalizationrelated characteristics®
Inborn admissions, (n=490) 358(73.1)
Indicationsfor hospitalization, (n=504) 11,2
Ageat admission, d(n=507)P 2(0,4)
Duration of hospital stay, d (n=506)P 3(0,6)

\Values in no. (%), @mean (SD) or Pmedian (IQR). “Denominator
varies for different variables based on data available from the facility
records.

quate weight gain in their infants. Around one-fourth
(26%) of the mothers reported that their infants had not
been visited by an ASHA post-discharge at home. Further,
66.4% of theinfantshad not beentakenfor follow-upvisits

Tablell Growth Parameters (for weight) of Small and/or Sick Babies From Birth to Assessment and Re-assessment

Growth BirthP Initial Assessment (1st homevisit) Reassessment (2nd home visit)
parameters Total Preterm® Term Total Preterm® Term Total Pretermt Term
(n=512) (n=116) (n=396) (n=512) (n=116) (n=396) (n=100) (n=22) (n=78)

Aged 37.4(2.1) 344(1.8) 38.3(11)
wk wk wk

Weight, kg? 26(0.6) 2.1(0.6) 2.8(0.4) 46(1.2)

Weightforage -1.0(-1.7 -0.5(-1.41 -1.1(-1.7 -1.3(-21

z-score? t0-0.3) t00.4) to-0.4) to-0.5)

AWeight, kg? - - - 20(1.2
t0 2.6)

AWeightforage - - - -0.3(-0.9

Z-score? to-0.4)

74.8(26.5) 72.5(27.9) 75.5(26.1)

116.7 (15.4) 116.5(16.9) 116.8(15.0)

37(13) 49(11) 5.65(0.95) 5.17(0.99) 5.78(0.90)
-14(-26 -12(-21  -110(-1.85 -0.65(-1.58 -1.20(-1.90
t0-04)  to-0.5) t0-0.23)  t00.05) t0-0.31)
1508 2014 1.33(0.82 1.52(0.95 1.20(0.71
t02.3) t02.6) t01.84) t02.13) to 1.68)
-0.7(-1.65 0.1(-0.8 0.16(-0.20 0.05(-0.37  0.22(-0.17
-0.1) -t0 0.45) t0 0.67) -t0 0.90) t0 0.60)

Data represented as mean (SD) or 2median (IQR). Ppost-conceptional age in weeks. “Weight z-scores estimated using corrected age for
preterm babies. Intergrowth and WHO standards used for z-score estimation. AWeight-for-age z-score is calculated.
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Fig. 1 Proportion of babies with growth faltering by gestation
and age at assessment.

tothe health facility by thefamily (Tablelll). Amongthe
infantswho reported having had visitsby ASHA (n=379),
infant weight had been in taken in 64.6%, breastfeeding
and weight-gain related counselling had been provided in
62.5% and 55.4% respectively, and 1.6% were counselled
for follow-up visitsto thefacility (Tablel11). Similar trends
were seen in babies with and without growth faltering
(weight measured in 61.6% and 66.3%, counselled for
breastfeedingin 57.1% and 65.4%, counselled for weight-
gain in 49.6% and 58.5%, and counselled for follow-up
visitsin 3.0% and 0.8%, respectively).

When assessed for mother’ s preparednessfor follow-
up careof their infantsat time of dischargefromthehealth
facility, 71.3% mothersreported that counselling had been
provided at thetime of discharge, but many atime mother
was not the primary recipient of the counselling. It was
reported that the counselling waslargely limited to breast-
feeding theinfant till six months.

Of the 193 ASHA ssinterviewed from thesamedistricts,
78.7% reported to have received information about
discharged babies through phone calls or visits made to
the family; however, 18.2% were unaware about babies
having received inpatient care. Unlikewhat wasreported
by mothers, 95.8% of theASHASsreported that theinfants
areweighed during home-visitsfor identification of small
babies (Table 111). The post-discharge visit by ASHAS
werelargely limited to updating M other-Child Protection
(MCP) card and informing about immunization.

DISCUSSION

The present study identified a high prevalence of early
growth faltering in newborn infants discharged from
newborn care units in the districts of Himachal Pradesh.
Follow-up homevisitsby ASHASsor at thefacility did not
lead to an early detection of growth faltering among these
babies with majority of mothers being unableto perceive
inadequate weight gain in their infant. During follow-up
visitsat home, whileASHA srecorded weight, they did not
provide any information to the mothers about theinfant’s
growth, nor werethey counselled about feeding or referral
toafacility in case growth failure was detected.

INDIAN PEDIATRICS

GROWTH FALTERING AMONG SNCU GRADUATES

Tablelll Infant Care Practices Post-dischar ge of Small and
Sick BabiesasReported by Mothersand ASHAS

Infant carepracticesasreported by themothersduring interview

(n=512)
Follow up visitsto thefacilitiesby caregiver/
mother 172(33.6)
Follow up visit by ASHAs at home 379(74.0)

Interval between dischargeand 1ASHAsvisita, d  3(1,7)
Information provided to mothersby ASHAs (n=379)

Breast feeding 237(62.5)
Weightgain 210(55.4)
Danger signidentification 29(7.7)
Facility follow-up 6(1.6)
Infant wt measured 245 (64.6)

No. of mothers provided infor mation during homefollow-up
visitsby ASHAs (n=193)

Exclusive breastfeeding 187(96.9)
Hand hygiene 172(89.1)
Keep baby warm 152 (78.8)
Immunization 140(72.5)
Cordcare 68(35.2)
Danger signidentification 40(20.7)
Complementary feeding 35(18.1)
Changeinweight 78(40.4)
Follow up care 13(6.7)

No. of infants monitored for weight gain during homefollow-up
visitsby ASHAs (n=193)

Weight taken and plotted on growth chart 61(31.6)
Only weight recorded 122(63.2)
Noweight recorded 10(5.2)

Data represented as no. (%) or 2median (IQR).

Previous studies for evaluating growth faltering
globally andin Indiareport varied estimates depending on
the cut-offs used, birth weight, gestation, and timing of
follow-up[7,8,10,13,16]. A previous study [9], involving
healthy term infants reported a high proportion of babies
with catch down growth (decreasein Z-score>0.67) during
the two-year follow-up period with highest (27%) at 3.5
months from birth, which is comparable to the current
study observations [9]. Likewise, growth faltering has
been documented in very low birth weight neonates till
oneyear of age (underweight, stunting, and wasting: 41%,
32%, and 27%) with Z-score of weight at 3 months
identified asasignificant risk factor for malnutrition at one
year [10]. Another group reported follow-up weight gain
and other key parameters among babies discharged from
SNCUsfor upto 6 weeks[17]. Thecurrent study isoneof
the first studies reporting growth faltering in these
vulnerable babies up to 4 months[17]. With variationsin
theanthropometric criteriaused, and lack of consensuson
the most appropriate standard for monitoring growth in
young infants, comparisons across studiesis challenging
[11,12]. To define growth faltering, we used WAZ score,
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WHAT ISALREADY KNOWN?

« Early growth faltering has been reported (around 20 to 60%) in India, although mostly in low birthweight
babies; limited studies assess the status of small and sick babies discharged from newborn care facilities
and the follow up care provided both at the facility and at home.

WHAT THIS STUDY ADDS?

* We observed growth faltering in a significant proportion of both term (30%) and preterm (52.6%) babies
discharged from Special Newborn Care Units (SNCUs) and Newborn Stabilization Units (NBSUs). The
potential gaps and opportunities in the follow up of these at-risk infants are highlighted.

which has been suggested asagood predictor of mortality
among young infants and operationally suitable for
community level assessment of at-risk infants[12,15].

A recent study [17] conducted acrossfour statesinIndia
reported majority (97%) of babiesdischarged from SNCUs
were followed up at the recommended time points up to 6
weeks after birth[17]. However, previous nationa surveys
indicated irregular home-based newborn care (HBNC)
servicesprovided by ASHAsacross severd statesincluding
follow-up of sick newborns discharged from inpatient
facilities[17,21,22]. Likewise, thequdity of servicesprovided
inthecommunity intermsof growth monitoring/nutritional
counselling have been sub-optimal, with inadequate
supportive supervison and overburdening of health
workershighlighted asmajor gaps[22-24]. Variaionsin self-
reported and field performance of ASHASs in providing
HBNC havea so beenreported previoudy [23]. Similar gaps
in follow-up care provided by ASHAS or through facility
visits were observed in the present study. One of the
challenges for follow-up visits to SNCUs identified in the
current study was the distance from these facilities, the
digtrict’shilly geographicd terrain, and minimally functional
NBSUscloser tohome.

Growth faltering not picked by ASHAsduring follow-
up visits, weight not recorded in a large proportion of
babies, limited number of mothers counselled, and limited
number of follow-up visitsmadeto thefacility reiteratethe
need for strengthening follow-up care post-discharge in
the community. Likewise, better preparedness of mothers/
caregivers at discharge can strengthen care-seeking and
newborn care practices at home. Global and national
studies have demonstrated the role of community health
workers in improving the child health programs and
strategic actions, which at different levels of care can
enableearly childhood thrive[24-26].

Towards planning and prioritizing intervention
strategies, variousindividual, household, and community
level risk factors have been explored; however, causesfor
early growth faltering remain inadequately understood
[27]. The present study attempted to explore some of the

INDIAN PEDIATRICS

risk factors. Inability of mothers to perceive growth
faltering (as documented in the study) warrants for a
greater system strengthening or accountability through
adequate follow-up of babies by ASHAs at home and
linkagetofacilities.

The strength of this study is that the infant care
practices were triangulated by information provided by
mothers and ASHASs. The main study limitation was the
lack of standardization of birth weight measurement. The
study was aso not sufficiently powered to ascertain
associated risk factors.

To conclude, there are limited studies in India that
report growthfailurein early infancy among small and sick
babies discharged from SNCUs and NBSUs. The high
proportion of growth faltering in these infants reiterates
the need for growth monitoring of all at risk babies
discharged from inpatient hedth facilities and
strengthened HBNC in the community. Further research
can help explore growth patterns and associated factors
during early infancy inthisvulnerable population critica to
prevention of growth faltering.
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Background: A neurological assessment before discharge
from the NICU would enable early targeted intervention to mitigate
the risk and severity of cerebral palsy (CP) and neurodevelop-
mental disability.

Objective: To assess the accuracy of general movements (GM)
in the preterm and fidgety movement periods in predicting
neurodevelopmental disability and cerebral palsy in very preterm
infants (<32 weeks gestational age) at 18-24 months corrected
gestational age.

Study design: Prospective cohort study

Participants: One hundred and seventy very preterm infants,
mean (SD) gestation 29.8 (1.32) weeks, and birthweight 1215
(226) g.

Outcomes: Infants underwent GM assessments in the preterm
period (31-36 weeks post-conception age) and fidgety
movement period (8-18 weeks post term age). Neurodevelop-

mental outcomes were assessed in 127 children using the
Griffiths Mental Developmental Scales-2.

Results: Nine children had neurodevelopmental disability (two
infants with cerebral palsy and seven with global developmental
delay. The relative risk (95% ClI) for neurodevelopmental disability
was 1.46 (0.31-6.89) with preterm movements and 6.07 (0.97 —
38.05) with fidgety movements. Sensitivity and specificity values
for the prediction of neurodevelopmental disability were 33% and
64% in the preterm period and 25% and 92% in the fidgety move-
ment period, respectively. The sensitivity and specificity values
for prediction of CP were 50% and 63% in the preterm period and
100% and 93% in the fidgety movement period, respectively.

Conclusion: Preterm movements showed lower sensitivity and
specificity than fidgety movements in predicting later CP and
neurodevelopmental disability in preterm infants.

Keywords: Developmental delay, Fidgety movements, Follow
up care, Prognosis.

eurodevelopmental outcomes in preterm and

very low birthweight infantshaveimprovedin

recent decades, but they remain at risk of

developing cerebral pasy (CP) aswell as cog-
nitive, language, visua perceptual, sensory, attention, and
learning difficulties[1]. Early detection of these complica
tionscan mitigatetherisk of adversemotorand  develop-
mental outcomes, decrease secondary complicationsandim-
provecaregiver well-being[2].

General movements (GMs) are spontaneous move-
ments that can be detected from early feta life until 4-5
months of post-term age [3]. The genera movements
assessment (GMA) has a high predictive ability for
neurodevel opmental disability particularly cerebral palsy in
preterm and term infants with risk factors [4]. General
movements are classified into three types as preterm
movements (28 to 36-38 weeks post-conceptional age),
writhing movements (36-38 until 46-52 weeks post-
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conceptional age), and fidgety movements(FMs) (46-52till
54-58 weekspost-conceptiona age) [5]. Theabsenceof core
characterigtics like adequate complexity, variability, and
fluency of norma GMs are associated with adverse
neurological outcomes [6,7]. The predictive ahility of the
GMA is superior to crania ultrasound, neurological
assessment, and comparableto MRI [8]. Thesensitivity and
specificity of FMs is the highest, followed by writhing
move- ment in predicting CP[9], but accuracy islower for
non-CP adverse outcomes [10]. Assessment of GMs
beforeterm has been studied lessrobustly [11], with studies
of preterm movementsreporting low specificity values[9].

Invited Commentary: Pages 755- 56.

The follow-up rates of high-risk infants remain poor in
India[12]. Reported barrierstofollow-upinlow and middle-
income countries (LMIC) include financia constraints for
trangportation and percelved wellness of the infant [13].
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GMA can be a useful tool for neurological assessment in
resource-limited settings where expensive neuroimaging
may not beeasily available.

The objective of this study wasto assess the sensitivity
and specificity of preterm movements in predicting
neurodevel opmental disability and cerebral palsy inacohort
of very preterminfants. Thiswascompared to the sengitivity
and gspecificity of fidgety movements in predicting
neurodevelopmental disability and cerebrd palsy inthesame
cohort. Neurodevel opmental disability was assessed using
astandardized developmental assessment at 18-24 months
corrected gestational age. Video recordings of the preterm
movements and the fidgety movements were performed
following Prechtl standards[4].

METHODS

Thisprospective cohort study enrolled very preterminfants
(gestational age <32 weeks, ca culated based on the date of
thelast menstrua period) admitted to the neonatdl intensive
care unit of alargetertiary health center in Southern India.
Informed consent was obtained from either of the parents
and the study was approved by the Ingtitutional Review
Board.

Very preterm infants with mgjor congenital anomalies
incompatible with survival, those whose parents were
unwilling to comefor follow up, and thosewho were onthe
ventilator or were sedated (could not undergo the video
recordings of the GMs) were excluded. The mother’'s
antenatal, and perinatal history and infants' details were
collected from medica records. Participants for this study
wererecruited from September, 2013toAugust, 2015; follow
up assessmentswere donefrom June, 2015 to January, 2018.

The recruited infants underwent preterm movement
assessment, fidgety movement assessment and neuro-
developmental assessment between 18-24 months [14].
Generd movementswereclassfied asnormd or abnormd by
the primary investigator, who had Advanced Certification by
the General Movement Trust.

All infantsweretarted on an early intervention program
prior to NICU discharge. Follow up visits at the high-risk
infant clinic were advised once every 3 months until 18
months corrected gestational age when the formal
neurodevel opmental assessment was performed.

The neurodevelopmental assessments were performed
between corrected age of 18 and 24 months using the
Griffiths Mental Developmental Scales — 2nd edition
(GMDS) [15] by acertified psychol ogist, whowas blindedto
the medica history and the GMA results. The GMDS has
fivedomains: locomotor, persona and socia skills, hearing
and language, eye-hand coordination, and performance. A
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sub-quotient is obtained in each domain, the average of
which isthe genera quotient (GQ) that isconsidered asthe
indicator of thechild’soveral development. Norma GQhasa
mean (SD) of 100 (12); and a cut-off score of <76 (<-2SD)
indicates neuro-devel opmentd disability. The mean (SD)
normative GQinIndianinfantsaged 16-24 monthswas 104
(9.4) [16]. Ceréebrd pasy was diagnosed if the child has
abnormalitiesin posture and tone, and was classified using
the GrossMotor Function Classification System (GMFCS)
by the devel opmental pediatrician, who wasa so unaware of
theGMA results.

The sample size was calculated using the agreement
method. With reference to astudy by Mutlu, et d. [17], the
agreement between general movements and neurological
assessment was found to be 0.78. Assuming a sample
agreement of 0.78, a population agreement of 0.50 and
prevalence of severe developmenta delay as17 %[12], the
samplesizewasca culated as 139. Estimating a20% lossto
follow up, it wasdecided torecruit 166 infants.

Satistical analysis. Data were analyzed using the SPSS
packagefor Windows, verson 21.0 (SPSSInc). Fisher’ sexact
test or Chi-squarewas used to compare categorical dataand
independent sampl e t-test was used to compare continuous
data Relative risk was caculated to predict
neurodevelopmental disability. Sensitivity, specificity, and
positive and negative predictive values were calculated
using theMedcal c software[18].

RESULTS

The flow of the study is shown in Fig. 1. There were no
significant differences in demographic characteristics,
neonatal morbidities and prevalence of abnormal genera
movementsbetween the 127 infantswho completed thefinal
neurodevel opmental assessment and the 43 infantswho did
not comefor theassessment (Web Tablel).

The mean (SD) gestational age of the cohort was 29.8
(1.32) weeks, and birth weight was 1215 (226) g. Themean
(SD) age at preterm movement assessment was 34.4 (1.0)
weeks post conceptional age and at assessment of the
fidgety movements, it was11.9 (2.1) weekspost-termage.

Themean (SD) GQwas95(12). 118(93%) children had
normal neurodevelopmental outcomes. Nine children (7%)
had neurodevelopmental disability that included seven
(5.5%) children with global developmental delay and two
(1.57%) childrenwith CP (onehad GMFCSleve V andthe
other had GMFCS level I11). Table | shows the basdine
characteristics of the 127 children who completed the final
neurodevelopmental assessment.

Tablell showsthesensitivity, specificity, and predictive
values of GMs in two time periods for predicting
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Prematureinfants (<32 wk) discharged fromthe NICU
(n=282)
Parents approached for consent (n=256)

Excluded (n=86)

Refusal of consent (n=85)

» Concernsabout video recording (n=32)

« Longtravel distancefrom place of residence
(n=53)

Shifted to another hospital beforeinitial

assessment (n=1)

Recruited babies (n=170)
Infantswith preterm movement recording (n=170)
Infantswith fidgety movement recording (n=147)

Lost to follow up (n=43)

* Refused consent, n=23
* Not contactable, n=16
* Died, n=4

Underwent neurodevel opmental assessment
and general movement assessment (n=127)

Fig. 1 Flow of the study

neurodevelopmental disability and cerebral palsy. The RR
(95%Cl) of preterm movementsand fidgety movementsfor
the prediction of neurodevelopmental disability was 1.45
(0.31, 6.89) (P=0.69), and 6.07 (0.97-38.05) (P=0.082),
respectively. Specificity values are high during the fidgety
movement period for prediction of neurodevelopmental
disability and cerebra palsy. Sensitivity and specificity of
preterm movementsfor the prediction of cerebra pa sy were
50% and 63%, respectively whil e of fidgety movementsfor
CPwere 100% and 94%, respectively.

Theindex child classified as GMFCSlevel V had poor
repertoire GMsin preterm period, followed by absent FMss;
while the child with CP classified as GMFCS level 111 had
normal preterm, but abnormal FMs.

DISCUSSION

This study looked at the value of preterm movements and
fidgety movements in predicting neurodevelopmental
disability (including cerebral palsy) at 18-24 months
gestational agein very preterm babies. Theincidence of CP
was 1.57% that was cons stent with resultsobtained froman
earlier cohort from this Ingtitution [16]. The preterm
movements had poor sensitivity and specificity vaues for
the prediction of neurodevelopmental disability and CPin
this study, unlike two earlier studies [8,18]. However,
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longitudinal studies have shown that abnormal preterm
movements normalize with brain maturation resulting in
normal fidgety movements in these infants with normal
neurodevelopmental outcomes. Thisimpliesthat abnormal
preterm movements are associated with acute perinatal
complications which resolve with maturity of the central
nervous system [11,19,20]. Preterm movements may have
poor association with outcomes like minor neurological
impairments, coordination problems, and finemanipulative
disahility a school ageand puberty [21-23].

Thisstudy reiterated the strong psychometric properties
of fidgety movementsfor the prediction of CP,in concurrence
with publishedliterature[6,7,24], that illustrateitsusefulness
inpredicting CP.

While CP, amotor disorder, was predicted accurately by
GMA, neurodevelopmental disability was less accurately
predicted. Thismay beaccounted for by thegeneral quotient

Table | Association of Antenatal and Neonatal Complica-
tions With Neurodevelopmental Outcomes

Complications Neurodevel opmental outcome

Normal Abnormal

(n=118) (n=9)
Femde 48 (40) 3(33)
Gestational age, wk? 29.9(1.29) 29.38(1.67)
Birthweight, g2 1219(229)  1157(179)
Birth weight z-score<-2SD 1(0.8) 0
Length z-score<-2SD 15(13) 0
Head circumferencez-score<-2SD  8(7) 0
Normal delivery 41(35) 5(56)
Multifetal pregnancy 37(31) 6(67)
PIHP 32(27) 5(55)
No antepartum steroids (n=121) 16 (14) 1(11)
Perinatal asphyxia 4(3) 0
Pneumonia 5(5) 0
Bronchopulmonary dysplasia 19(16) 0
Hyaline membrane disease? 41(35) 7(78)
Invasiveventilation 20(17) 0
Septicemia 10(8) 0
Necrotizing enterocolitis 2(2) 0
Early major brainlesion®(n=120)  4(4) 0
Latemajor brainlesion®(n=122) 12(10) 3(37)

Data expressed as n (%) or 2mean (SD). PIHP- pregnancy induced
hypertension. PP=0.026. “Major brain lesion was defined as Grade 3
or 4 IVH or PVL using Papile grading using ultrasound findings for
intraventricular hemorrhage, and de \ries classification using ultra-
sound findings for periventricular leukomalacia. Early cranial ultra-
sound was done between day 1 to day 20 of life [mean (SD) 6(13)
days]; late cranial ultrasound was done between day 21 to day 80 of
life [mean (D) 44 (11) days].
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WHAT ISALREADY KNOWN?

WHAT THIS STUDY ADDS?

« Fidgety movements have superior psychometric properties for prediction of cerebral palsy.

* Preterm general movement assessment had limited utility in predicting neurodevelopmental disability or
cerebral palsy.

« The utility of fidgety movements was predominantly in predicting cerebral palsy.

Table Il Accuracy of General Movements During Preterm
and Fidgety Movement Age for the Prediction of Neuro-
developmental Disability and Cerebral Palsy

Pretermgeneral
Movements (n=127)

Fidgety movements
(n=118)

Neur odevel opmental disability

Sensitivity 33.33(7.49-70.07) 25.00(3.19- 65.09)
Specificity 64.41(55.07-73.00)  92.73(86.17- 96.81)
PPV 5.83(2.33- 13.86) 18.51 (5.44- 47.29)
NPV 93.60(90.03-95.94)  94.93(92.59- 96.55)
Cerebral palsy

Sensitivity 50 (1.26- 98.74) 100(15.81- 100)
Specificity 63.69 (55.93-70.96)  93.79(88.54-97.12)
PPV 1.60 (0.40- 6.20) 16.02 (9.20- 26.42)
NPV 99.08(96.40-99.77) 100

Data expressed as value (95% CI). PPV-positive predictive values,
NPV-negative predictive value.

of the Griffith scalethat isacomposite of the child’sabilities
domainsthat include language, eye-hand coordination and
persona socid skills. A child with poor language or personal -
socid abilities (to which the environ- ment is a major
contributor), but good motor abilities, would beclassified as
having a neurodevel opmental disability, but may have had
normal fidgety movements.

The assessors of the neurodevelopmental outcomes
were blinded to the infants' GM results which reduced the
chance for bias. This study showed that abnormal fidgety
movementswerehighly predictiveof CP. Thismakesit avery
useful and single tool to predict neurodevelopmental
outcomes by trained assessors. Moreover, Since parentsare
likely to stop bringing infantsfor follow up after thefirst few
months; assessment of infants using GMs can be a very
useful tool intheNICU for counseling parents.

Therewereafew limitationsinthisstudy. Asthe study
wasdonein atertiary ingtitution with adequate facilitiesfor
assessment and follow up, generalizability of resultsto the
community should be done with caution. The scoring for
GMsin this study was done by a single observer, as there
was no other trained assessor limiting the measurement of
interrater reliability for assessment. Therewasasignificant
drop-out of about 25% (43 of 170 infants) who despite our
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best effortsdid not compl etethefoll ow up which could have
influencedthefinal results.

To conclude, this paper reiterates the utility of fidgety
movementsin the prediction of CP, while preterm movement
assessments  have limited use in  prediction of
neurodevel opmental disability or CP.
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Objective: To determine the diagnostic accuracy of Pediatric Appendicitis Score (PAS) in
predicting appendicitis in children presenting with acute abdominal pain to the Emergency
Department (ED) of a private hospital in Pakistan. Methods: This validation study was
through retrospective chart review of children between 4-18 years of age with clinical
suspicion of acute appendicitis, presenting to the pediatric ED. Diagnostic accuracy was
determined using sensitivity, specificity, predictive values, and area under the curve (AUC).
Results: 104 children (76% boys) with mean (SD) age of 10.9 (3.5) years met the eligibility
criteria. 91% (n=95) patients had moderate to high PAS (score >4), and 95% (n=99) had
biopsy-proven appendicitis. The likelihood ratio calculated for low, equivocal and high-risk
PAS was 0.10, 2.17 and 2.53, respectively. An equivocal PAS (score 4-6) showed a
sensitivity of 96.8%, specificity of 80%, positive predictive value of 98.9% and AUC of 0.84
for predicting acute appendicitis. Conclusion: PAS showed good diagnostic accuracy in

predicting acute appendicitis in children presenting to the ED.

Keywords: Diagnosis, Management, Perforation, Right quadrant pain, Surgery.

ppendicitis is one of the leading causes of

abdominal pain in the pediatric population,

and it usually requires immediate surgical

intervention [1]. Timely diagnosis of a child
with appendicitisis extremely important [2], asthereisa
risk of perforationin 12.5-30% of cases[3-5]. Thereisa
high chance of misdiagnosisand it has been reported that
approximately 28-57% of children of school going ageare
misdiagnosed [4].

To limit exposure to ionizing radiations during
computerized tomography (CT) [4], and to overcomethe
subjectivenature of USG [6], in children, different scoring
systems have been used for the diagnosis of appendicitis.
Two of the most common scoring systems are the
Alvarado scoring system [3] and the Pediatric
appendicitisscore (PAS) [7]. Both scoring systemsassign
point values to data collected from patient history,
physical examination and laboratory tests, and determine
cut-offs to predict presence of appendicitis. There is
conflicting evidence in the literature regarding the utility
of these two scores in diagnosing acute appendicitis in
children[8,9].

The scores may be particularly beneficial for
developing countries, due to the limited access to diag-
nostic modalitiesin many health centers. Thus, our primary
objectivewasto validate PASin predicting appendicitisin
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children presenting with acute abdominal pain to the
Emergency Department (ED) of aprivatehospital, and also
to study the association of PAS with the gold standard
(histopathol ogy), and with ultrasound imaging.

METHODS

This was a retrospective chart review conducted by
accessing records of children aged 4 to 18 years, brought
tothe pediatric ED from January 1, 2010 to December 31,
2012,

The ED of AgaKhan University Hospital (AKUH), a
large urban tertiary care hospital, is a 62-bed facility
receiving an average of 170 patients daily (around 1/3rd
<18 yearsold). Pediatric patients receiveinitial manage-
ment in the ED and those who are clinically stable get
discharged, while remaining are then transferred to the
pediatric inpatient wards, Pediatric intensive care unit
(PICU) or the special care unit (SCU) for further
management.

Ethical approval for this study was obtained from
Ethics Review Committee of Aga Khan University
Hospital, due to the nature of the study (retrospective
chart review), consent was not deemed necessary.

We included children of either gender between 4-18
years of agewho presented with acute abdominal pain (up
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to 24 hours) of varying severity to the pediatric ED.
Patients were excluded if they had ectopic pregnancy,
lymphoproliferative disorder, abdominal trauma, or were
referred for pre-diagnosed appendicitis.

Datawere collected viareview of filesand the Patient
Care Inquiry software, and included demographics,
clinical signs and symptoms, laboratory and histopatho-
logy results. Thedataretrieved had initially been recorded
inthe patients’ clinical file by apediatric resident, senior
medical officer and/or faculty. Theinitial clinical findings
had been reviewed by the pediatric surgery team. We
calculated the PAS of patients diagnosed clinically with
acute appendicitisusing theinformation provided at initial
clinical presentation. Appendicitis was defined as appen-
dectomy with positive histopathology results (gold
standard). We then sought associations between the PAS
score and histopathology results of those patients.

Sample size calculation was based on surveillance
showing 19% of children who came to the hospital with
complaint of acute abdomina pain would have acute
appendicitis [10]. Assuming that PAS hasasensitivity of
92% and specificity of 88% for acute appendicitis[9,10],
the estimated sample size cal culated for thisstudy was 104
children (with 95% confidence) at «=5% and power of 0.8.

Satigtical analysis. Datawere entered and analyzed using
SPSSv21. PASwascal culated asacontinuousvariable (0-
10) and then categorized aslow (<4), equivocal (4-6) and
high risk (>6) for acute appendicitis. Frequencies and
percentages were derived for categorical variables, and
mean and standard deviations for normally distributed
continuousvariables. Predictivevaluesand areaunder the
curve (AUC) were calculated to determine the diagnostic
performance of PAS. Associations between the PAS and
clinica outcomes were made, including comparison
between PAS and  ultrasound, CT scan and
histopathology results.

RESULTS

For the study period, dataon atotal of 104 patients (76%
boys) with clinical suspicion of acute appendicitis was

31

Table 1 Clinical Characteristics of Children With
Suspected Acute Appendicitis (N=104)

Characterigtics Value
Age? 10.9(3.5)
Male 79(76)
Right lower abdomen pain 79(76)
Migration of pain 68 (65.4)
Anorexia 40(38.5)
Nausea/vomiting 89(85.6)
Right lower quadrant tenderness 95(91.3)
Coughing/hopping/percussion pain 23(22.1)
Fever 48(46.2)
Leukocytosis 85(81.7)
L eft shift on WBC differential 91(87.5)

Values in no. (%) or 2mean (SD). WBC-white blood cells.

analyzed. Themean (SD) age of the patientsenrolled was
10.9 (3.5) years. Theclinical parametersfor the PAS are
given in Table |. Although, 76% (n=79) of patients
presented with right lower abdominal pain, 23% had
umbilical pain. Themean (SD) PASwas 6.3 (1.6), withthe
maximum scorebeing 10in onechild. Low risk probability
PAS (score <4) was seenin 8.7% children; however, 43%
had equivocal PAS (score4-6) and 49% had high-risk PAS
(score>6) probability. Thelikelihood ratio calcul ated for
low, equivocal and highrrisk PASwas0.10, 2.17 and 2.53,

respectively (Tablel).

Majority of patientsunderwent imaging (88.5%), and
ultrasound abdomen was the preferred imaging modality
(64.4%) inthese children. However, four patients(3.8%), in
whom ultrasound abdomen was not suggestive of
appendicitis, had to go through focused (unenhanced)
abdominal CT scan, before surgery was opted.

Surgical intervention was performed by the pediatric
surgery team in all 104 patient, of which, 99 patients
(95.2%) had biopsy proven appendicitis; biopsy being
positivein 6 (66.6%), 43 (97.7%) and 50 (98%) childrenwith
low-risk, equivocal and high-risk PAS, respectively.

Tablell Diagnostic Performance of Pediatric Appendicitis Score (PAS) at Various Cutoff Points

PAS<4 PAS4-6 PAS>6
Sensitivity 93.94(87.27-97.74) 96.81 (90.96-99.34) 74.75 (65.02-82.94)
Specificity 60 (14.66-94.73) 80(28.36-99.49) 80(28.36-99.49)
Positivepredictivevalue 97.89(94.07-99.27) 98.91 (94.03-99.81) 98.67(92.74-99.77)
Negativepredictivevaue 33.3(14.82-58.96) 57.14(28.72-81.52) 13.79(8.42-21.78)
Accuracy 92.3(85.4-96.62) 95.96 (89.98-98.89) 75(65.55-82.97)
Values in point estimate (95% ClI).
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Fig. 1 Receiver operating characteristic curve for pediatric
appendicitisscore (PAS).

The PAS was compared for low, equivocal and high-
risk and for each probability, sensitivity, specificity, PPV
and NPV along with accuracy were calculated (Tablel ).
PAS was similarly compared with ultrasound, and
histopathol ogy results (Web Tablel). Diagnostic accuracy
(95% ClI) of an equivocal PAS (score 4-6) in predicting
acute appendicitis in our patients showed sensitivity of
96.8% (90.9-99.3%), specificity of 80% (28.4-99.5%), PPV
of 98.9% (94.3-99.8%), and Areaunder the curve, AUC (r=
0.84) (Fig. 1).

DISCUSSION

Westudied PAS utilized in the pediatric ED of ahospital in
a developing country. We used two cut-off points as
opposed to Samuel, et al. [ 7] in hisderivation study, where
he used asingle cut-off point of 5; therationalefor thiswas
to compare amongst groups based on severity, as per the
PAS. Another prospective cohort study [11] conducted at
apediatric ED revealed that using two cut-off points for
the PASimprovesitsperformancesignificantly. They seta
PAS<4aslow risk for having appendicitis; patientswitha
score within that margin could be safely discharged
(sensitivity of 97.6% and NPV of 97.7%) [11]. They also
noticed that a single cut-off point for the PAS overesti-
mated appendicitis and resulted in a negative appendec-
tomy rateof 37.6%[11].

In our study, as a consequence, the low negative
appendectomy rates, the negative predictive value and
specificity of PAS cannot be assessed properly — the
specificity and NPV of PASislow compared to ultrasound
and against gold standards. A similar trend was seen in
various other validation studiesfor the PAS. Goldman, et
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al. [9] achieved similar results, at apediatric ED, whenthey
validated PASwith cut-offsof <2 and>7 for low and high-
risk patientswith atotal AUC of 0.948in 849 children. A
retrospective study [ 12] at the ED of acommunity hospital
concluded that the diagnostic performance of the PASin
285 children with PAS >7 had good diagnostic perfor-
mance, which was comparable to that of abdominal CT
imaging, which is the best imaging tool for diagnosis of
appendicitisin children. In aprospective study [13] of 140
childrenin an inpatient setting, asingle PAS cutoff of >5
performed better than abdomina ultrasound as a
screening tool. Other studies have aso reported good
performanceof PASin children[10].

Kulik, et a. [8] conducted a systematic review of 12
studies, none of which were in low-to-middle income
countries, deriving and validating six different clinical
prediction rules (CPR) including the PAS and Alvarado
scores using a rigorous 17-item checklist for inclusion.
They found that the PAS had been more broadly validated
inavariety of settingsas compared to theAlvarado score.
These included inadequate description of predictor
variables and absence of reproducibility testing of
predictor variables.

In contrast, Ebell and Shinholser’s[14] meta- analysis
of 29 studies validating the PAS and Alvarado scores
showed that although the latter was able to rule out acute
appendicitisin children with a pretest probability <60%
and ascore<4, PASfailed to demonstrateclinically useful
high (>85% probability) or low (<3%) risk groupsfor any
pretest probability.

In his derivation set, Samuel, et al. [7] did not set
concrete definitions for the parameters of the PAS. For
instance, recording of “pain on coughing/hopping/
percussion” is subject to the level of training of the
healthcare provider obtaining the history and performing
the physical exami-nation, and upon time constraints
witnessed at a fast-paced site such as the ED. In a
retrospective design such as ours, this cannot be
accounted for. Cut-offs for pyrexia and neutrophilia are
aso subject to varying thresholds set by different
hospitals and laboratories across the globe.

Further studies are required to validate the PAS in a
pediatric population presenting tothe ED of atertiary care
center in a developing country, especially taking into
account the above-mentioned factors. Our study was a
retrospective chart review conducted at a single center,
and it had a relatively small sample size. We included
patients who presented within 24-hour of onset of acute
abdominal pain. Infutureiteration; however, children with
abdominal pain for up to 72 hours should be considered.
Inter-observer variability could have been observed due
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WHAT THIS STUDY ADDS?

The pediatric appendicitis score (PAS) showed good diagnostic accuracy in predicting acute appendicitis in
children presenting to the emergency department in a low- and middle-income county.

to patient assessment at the ED by residents of different
trainingleves. Our study center isalargetertiary carehos-
pital that caters to patients from a wide socioeconomic
background; hence, under reporting may aso have
occurred.

In this study we found an equivocal PAS (4-6) to be
fairly accuratein predicting acute appendicitisin children
presenting to the pediatric ED of a developing country.
Thus, potential exists to incorporate the PAS into
evidence- based, patient-centric, quality and safety
initiatives in the resource-limited pediatric ED, asit has
good diagnostic accuracy.

Ethics clearance: |IEC, Aga Khan University; No.: 4433-EM
ERC-16 dated Sept 9, 2016.

Note: Additional matter related to thisarticleisavailablewith the
web version at www.indianpediatrics.net
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PA S FOR PREDICTING ACUTE APPENDICITIS

Web Table 1 Association Between Equivocal Pediatric Appendicitis
Score (PAS 4-6) and Histopathology or Ultrasound

Histopathol ogy Ultrasound
Sensitivity 96.81 (90.96-99.34) | 89.09 (77.75-95.89)
Specificity 80 (28.36-99.49) 25 (5.49-57.19)

Positive predictive value | 98.91 (94.03-99.81) | 84.48 (79.5-88.43)

Negative predictive value | 57.14 (28.72-81.52) | 33.3 (12.67-63.28)
Values ar e point estimate (95% CI).
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Clinical Profileand Outcomeof Newbor nsDischarged Against Medical
AdviceFromaTertiary CareCentre

SINDHU SIVANANDAN, NIVEDITA M ONDAL
From Department of Neonatol ogy, Jawaharlal Nehru Institute of Postgraduate Medi cal Education and Research, Puducherry.

Objective: To determine the clinical profile and outcome of neonates discharged against
medical advice (DAMA) from the neonatal intensive care unit (NICU) of a tertiary care public
hospital. Methods: We retrieved information from hospital records of infants who had been
discharged against medical advice from the NICU between January, 2016 and December,
2020. This was followed by a telephonic interview to document the infant's outcome.
Results: Out of the 187 (7.7%) neonates that had left DAMA, 165 case records were
available, and 65 (39%) families could be contacted telephonically. Congenital malformations
accounted for 96 (58%) of the cases; cardiac malformations accounting for 42 (43.7%). 52
(80%) out of the 65 infants had died after median (IQR) 11 (5-35) days of DAMA, and 13
(20%) were alive at a median (IQR) age of 31 (18.5-31.5) months. Post-DAMA medical care
was continued at another health facility in 12 (18%). Conclusions: One out of every five
infants was alive for a median age of 31 months after having left DAMA. Mechanisms to
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ensure continuation of care after DAMA need to be explored.

Key words: Comorbidity, Management, Outcome, Survival

he Ministry of Hedth and Family Welfare

(MoHFW), reportstherate of discharge against

medical advice (DAMA) to be4% amonginborn

and 7% among out born neonates[1]. Previous
studies on neonateswith DAMA have focused on patient
profiles and causes [2,3]. However, no study from India
has sought to find out the outcome of neonates who left
after DAMA.. Post-DAMA continuation of careisanother
aspect that remainsunexplored. Suffering fromlife-limiting
conditions, many of theseinfantsdeservepalliativecare, a
practice that is not widely followed in our country [4].
Assessing the burden of post-discharge mortality and
morbidity in these neonates is necessary for ensuring
continuity of medical care for these neonates, and might
also serve as a stepping stone in scaling up neonatal
palliative care servicesin our country.

METHODS

This cross-sectional study was conducted in the newborn
follow up clinic of a public sector tertiary care hospital
between July and December, 2020 after obtaining insti-
tutional ethics committee clearance. A list of al infants
discharged against medical advicefrom our NICU between
January, 2016 and December, 2020 was prepared. The case
records of these infants were traced from the medica
records department, and contact numbers of families
retrieved. All thesenewbornswereeligibleforinclusionin
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the study. There were no exclusion criteria. Their clinical
detailswerenotedinthe study form.

Magjor congenital malformations were defined as
congenital anomalies that have medical, surgical, or
cosmetic consequences [5]. As many of the infants had
involvement of multiple systems, the authors decided by
consensus to determine the predominant morbidity or the
primary illnessduring the NICU stay.

Two research nursescalled up thesefamilies. A family
was |abeled as ‘ not attended’ if two phone calls made 24
hours apart went unanswered. If the family responded,
verbal consent for participation was obtained, structured
interview was carried out based on the study
guestionnaire. The questionnaire consisted of open-
ended questions on the cause of DAMA, the infant’s
outcome, age of death in case the child had died, and if
medical care was sought elsewhere after leaving the
hospital. The callswere not recorded. A call log book was
maintained and the replies were noted down in the study
form.

Satistical analysis: Descriptive statisticswere employed
to present theresullts, after analysis using Microsoft Excel
2013. Gestational age and birth weight had anon-normal
distribution, and were expressed as median with IQR. All
categorical variableswere expressed as percentages.

VoLUME 59—OcToBER 15, 2022



SIVANANDAN & MONDAL

RESULTS

During the study period, 2407 newbornswere admitted to
the NICU, of which, 187 (7.7%) had been discharged
against medical advice. During these 5 years, a falling
trend in the number of DAMAswas noted from 10.9%in
2016, t0 6.7% in 2020. Contact detailsand case records of
only 165 neonates[median (IQR) birthweight, 2425 (1665-
2910); n=160] could beretrieved. All of these 165 phone
numberswere called of which 97 callswere unsuccessful
(wrong number or not attended) and threefamiliesrefused
consent. Finally, 65 families (39.3%) participated in the
telephonicinterview.

Morethan 60% (102 out of 165) of DAMA infantswere

Table | Clinical Characteristics and Outcome of Neonates
Discharged Against M edical Advice (N=165)

Characteristics Value
Gestational age, wk (n=163)2 37(34,39)
Gestational age categories (n=163)
Extremely preterm (<28 wk) 7(4.3)
Very preterm (28-31 wk) 15(9.2)
Moderate preterm (32-33 wk) 12(7.3)
Late preterm (34-36 wk) 27(16.5)
Term (=37 wk) 102 (62.5)
Inborn neonate 142 (89)
Day of lifeat DAMA?2 5(2,10)
Ventilated during the hospital stay 53(32)
Infantseligiblefor comfort care 33(20)
Soon after birth 14
During course of treatment 19
DAMA after few daysof decision for comfort care 23
DAMA immediately after decision for comfort care 10
Primary diagnosisassociated with DAMA
Congenital malformations® 96 (58)
Cardiac 42(43.7)
Neurologica 27(28)
Syndromic/multipleanomalies® 15(15.6)
Gastrointestinal 6 (6.2
Hypoxic ischemic encephal opathy 23(13.9)
Complications of prematurity 18(10.9)
Neonatal sepsis 10(6)
Miscellaneousd 7(4.2)
Inborn errors of metabolism 3(1.8)
Diagnosisunclear® 8(4.8)

Data presented as no. (%) or 2median (IQR). DAMA-discharged
against medical advice. Yincludes 5 neonates who had heart disease
as part of their syndrome/multiple anomalies; two babies each had
congenital renal anomalies, congenital diaphragmatic hernia, and
miscellaneous condition; dincluded epidermolysis bullosa, Neonatal
lupus, congenital nephrotic syndrome, term newborn with neonatal
jaundice, term newborn with hypoglycemia, term newborn with
meconium aspiration syndrome; ®Neonatal illness leading to DAMA
could not be determined from the case record.
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term, 100 (60%) were females, median gestational age at
birth being 37 weeks (1QR 34-39 weeks). Themedian ageat
DAMA was 5 days. The commonest morbiditiesin these
infantswere major congenital malformationsin 96 (58%),
followed by perinatal asphyxia in 23 (14%) (Table ).
Complications of prematurity like extreme prematurity,
respiratory dis-tress syndrome, necrotizing enterocoalitis,
intraventricular  hemorrhage and post-hemorrhagic
hydrocephal us acco-unted for 18 (11%) of the cases and
sepsis for another 10 (6%). Among congenital
malformations, cardiac diseasesfollowed by disorders of
the central nervous system accounted for 42 (43.7%) and
27 (28%) of the cases, respectively. Among thosein whom
congenital heart disease wasthe major morbidity, 37 were
isolated and 5 were associated with syndromes/anomalies.
There were 11 cases of hypoplastic |eft heart syndrome
(HLHS), 22 cases of other cyanotic heart diseases, and
threeinfantswith acyanotic conditions. In six neonates, a
clinical diagnosisof complex congenital heart diseasewas
made as the child had been taken DAMA even before
echocardiographic confirmation could be done. Among
neonates who were primarily syndromic or with multiple
anomalies, five had heart disease- four acyanotic and one
unconfirmed. In5%theprimary illnessleadingto DAMA
was not evident from the case record. Eligibility for
comfort carewasfoundin 33 (20%) of theinfants. In 14 of
them, the decision for comfort care was taken soon after

Table Il Characteristics of Infants Followed-up Tele-
phonically After DischargeAgainst M edical Advice (N=65)

Characteristics Value
Maternal age?, y 27 (24,29)
Paterna age?, y 31(30,35)
Primary diagnosis
Congenital malformations 40(61.5)
Cardiac 21
Neurologica 7
Others 12
Hypoxic ischemic encephal opathy 9(13.8)
Complications of prematurity 4(6)
Miscellaneous conditions 9(13.8)
Diagnosisunclear? 3(4.6)
Reason for DAMA
Poor prognosis 48(73.8)
Wanted better care 16 (24.6)
Social reasons 1(1.5)
Sought medical care elsewhereafter DAMA 12(18.4)
Alive 13(20)
Ageat death® 11(5,35)

Ageat follow-up? mo 31(185,35.5)

Data presented as no (%) or 2median (IQR). PNeonatal illness lead-
ing to DAMA could not be determined from the case record. DAMA-
discharged against medical advice.
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birth. These included 11 cases of hypoplastic left heart
syndrome (HLHS), 2 cases of anen-cephaly, and 1 case of
suspected Edward’s syndrome. In the remaining 19, the
decision was taken during the course of treatment (Table
). In these 33 infants, the treating team was convinced
about the cessation of aggressive medical care and
redirection to comfort care asthe best option. In all other
casesrequired treatment was offered.

Thedetails of neonates, whose parents participated in
the telephonic follow-up, are provided in Table Il. The
telephonicinterview with 65 familiesreveal ed poor long-
term prognosisasthe commonest reason cited for DAMA
by parentsin 48 (74%). Fifty-twoinfants(80%) had died
after median (IQR) 11 (5-35) days of DAMA. Thirteen
(20%) werealiveat amedian (IQR) age of 31 (18.5-31.5)
months. Only 12 (18.4%) had sought medica care
elsewhereafter DAMA, of which, 5survived (38.4% of all
survivors) and 7 did not survive (13.4% of al non-
survivors).

DISCUSSION

Between 2016 and 2020, therate of DAMA in our unit was
7.7%. Congenital malformations, especially cardiac condi-
tions, were the commonest morbidity associated with
DAMA. After DAMA, 13 (20%) infants were alive at a
median age of 31 months. Only 12 (18%) were given the
benefit of continued medical care.

Although the MoHFW has reported the rate of
DAMA to be 4% among inborn and 7% among outborn
neonates [1], neonatal units from India have published
DAMA ratesranging from 10%to 25%2,3,6]. Asinborns
account for morethan 90% of our NICU admissions, most
of the infants discharged against medical advice were
inborn (89%), Gender biasinmedical careof childrenisa
well-known phenomenon [ 7], reflected in our study by the
higher proportion of female infants being taken DAMA.
Term neonates had been taken DAMA more commonly
than preterm ones because congenital malformations, the
single largest contributing cause were more common
among newbornswith term gestation. M ost studiesreport
DAMA to be commonest within the first week of admi-
ssion[2,8,9], similar tothemedian of 5 daysinthisstudy.

Sepsis, birth asphyxia and low birth weight (LBW)
have been reported as the commonest morbidities asso-
ciatedwithDAMA [2,3,8,9]. Inour study congenital mal-
formations followed by sepsis, perinatal asphyxia and
prematurity related conditions were the main neonatal
illnesses associated with DAMA. Being a tertiary level
hospital we receive referrals of antenatally detected
congenital anomalies. With outcomes of common neonatal
morbidities being reasonably good, congenital malfor-
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mationsbecametheleading morbidity inDAMA. Mgjority
of the malformationswere cardiac in nature. Intervention
for HLHS, of whichwehad 11 babies, isnot offeredin most
centersin India, including ours. For duct dependent pul-
monary circulation situations, our center performed
Blalock-Taussig (BT) shunt until 2019, after which ductal
stenting was also offered. All these conditions require
definitive surgery at a later age. Despite advances in
cardiac care, congenital heart diseases in our country
remain largely untreated [ 10]. Wefound poor prognhosisto
be the commonest cause of DAMA. Apart from an
obviously poor chance of survival, prolonged hospital
stay, food and lodging expenses even if treatment isfree,
need for multiple surgeries and overall compromised
quality of the child’s life were factors that were most
probably perceived as ‘ poor prognosis' by parents. Poor
outcome has been universaly identified as a cause of
DAMA[2,39,11,12].

Post-DAMA continuation of medical carewassought in
18% of the children. Garten, et d. [13] reported 1.5% of
newborns to have been subjected to comfort care in their
NICU, of which 8.7% had been discharged home or into a
hospice. Jiang, et d. [ 14] estimated a 7% absol utereduction of
mortality among very preterm infants, assuming neo-nates
who had been discharged against medical advice had not
doneso and had actually completed medical care. Continued
provision of care after DAMA might be a way to reduce
mortality inthese neonates. Parents should beencouraged to
bring the child for follow-up and physicians to be ready to
readmit thechild, if necessary, even after DAMA..

The study islimited by its retrospective single center
nature, in addition to alarge proportion of missing data. In
cases of multi-systeminvolvement, retrospectively deter-
mining the primary illness associated with DAMA is
fallacious. A prospectively conducted study with pre-
ferably a qualitative arm and live rather than telephonic
interviewing may more conclusively document the rea-
sons for DAMA. The study; however, has brought to
light a previously unaddressed area viz., of outcomes
following DAMA. Studiesinvolving follow-up of NICU
DAMA infants would help understand the course and
outcomes of these infants.

In our tertiary level NICU, congenital heart diseases
were the single largest contributor to neonatal DAMA.
Medical carewasavailableto only asmall number of these
children. Continued provision of medical care after
DAMA, whether with curative or paliative intent, is an
areathat deserves more attention from both policymakers
and public health experts.

Ethics clearance: |IEC, JIPMER; No. JIP/IEC/2019/355 dated
Oct 18, 2019.
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WHAT THIS STUDY ADDS?

Congenital malformations, especially congenital heart diseases, were the commonest diagnosis in

neonates discharged against medical advice.

Only one-fifth of newborns discharged against medical advice from the neonatal intensive care unit were alive

at a median age of 31 months.

Contributors: NM: conceived the study, collected data and
drafted the manuscript; SS: designed the study protocol,
performed the analysis and critically revised the manuscript.
Both authors approved the final manuscript. NM should be
approached for accessto raw data.
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RECOMMENDATIONS

Diagnosis, Treatment and Prevention of Nutritional Anemiain Children:
Recommendationsof theJoint Committeeof Pediatric Hematology-
Oncology Chapter and Pediatric and Adolescent Nutrition Society of the
I ndian Academy of Pediatrics
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Justification: Anemia in children is a significant public health problem in our country. Comprehensive National Nutrition Survey 2016-18
provides evidence that more than 50% of childhood anemia is due to an underlying nutritional deficiency. The National Family Health
Survey-5 has reported an increase in the prevalence of anemia in the under-five age group from 59% to 67.1% over the last 5 years.
Clearly, the existing public health programs to decrease the prevalence of anemia have not shown the desired results. Hence, there is
a need to develop nationally acceptable guidelines for the diagnosis, treatment and prevention of nutritional anemia.

Objective: To review the available literature and collate evidence-based observations to formulate guidelines for diagnosis, treatment
and prevention of nutritional anemia in children.

Process: These guidelines have been developed by the experts from the Pediatric Hematology-Oncology Chapter and the Pediatric
and Adolescent Nutrition (PAN) Society of the Indian Academy of Pediatrics (IAP). Key areas were identified as: epidemiology,
nomenclature and definitions, etiology and diagnosis of iron deficiency anemia (IDA), treatment of IDA, etiology and diagnosis of vitamin
B12 and/or folic acid deficiency, treatment of vitamin B12 and/or folic acid deficiency anemia and prevention of nutritional anemia. Each
of these key areas were reviewed by at least 2 to 3 experts. Four virtual meetings were held in November, 2021 and all the key issues
were deliberated upon. Based on review and inputs received during meetings, draft recommendations were prepared. After this, a
writing group was constituted which prepared the draft guidelines. The draft was circulated and approved by all the expert group
members.

Recommendations: We recommend use of World Health Organization (WHO) cut-off hemoglobin levels to define anemia in children
and adolescents. Most cases suspected to have IDA can be started on treatment based on a compatible history, physical examination
and hemogram report. Serum ferritin assay is recommended for the confirmation of the diagnosis of IDA. Most cases of IDA can be
managed with oral iron therapy using 2-3 mg/kg elemental iron daily. The presence of macro-ovalocytes and hypersegmented
neutrophils, along with an elevated mean corpuscular volume (MCV), should raise the suspicion of underlying vitamin B12 (cobalamin)
or folic acid deficiency. Estimation of serum vitamin B12 and folate level are advisable in children with macrocytic anemia prior to starting
treatment. When serum vitamin B12 and folate levels are unavailable, patients should be treated using both drugs. Vitamin B12 should
preferably be started 10-14 days ahead of oral folic acid to avoid precipitating neurological symptoms. Children with macrocytic anemia
in whom a quick response to treatment is required, such as those with pancytopenia, severe anemia, developmental delay and infantile
tremor syndrome, should be managed using parenteral vitamin B12. Children with vitamin B12 deficiency having mild or moderate
anemia may be managed using oral vitamin B12 preparations. After completing therapy for nutritional anemia, all infants and children
should be advised to continue prophylactic iron-folic acid (IFA) supplementation as prescribed under Anemia Mukt Bharat guidelines. For
prevention of anemia, in addition to age-appropriate IFA prophylaxis, routine screening of infants for anemia at 9 months during
immunization visit is recommended.

Key words: Cobalamin; Deficiency; Folic acid; Hemoglobin; Iron; Vitamin B12.
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utritional anemias develop when the hema

topoietic nutrients required for hemoglobin

synthesis and/or maintenance areinsufficient

to meet thedemandsof anindividua . Thevast
majority of nutritional anemiasare duetothedeficiency of
iron, vitamin B12 (cobalamin, Chl) and/or folicacid[1]. In
addition, theroleof other nutrientslikevitamin D, vitamin
A, vitamin C, pyridoxineand proteinsin erythropoiesisis
being recognized [2].

The statistics from the National Family Health Survey
(NFHS-5; 2019-21) have raised ared flag highlighting the
rising prevalence of anemiaacrossall ages[3]. The highest
spikein anemiawasreported among children (6-59 months)
withariseto67.1% (NFHS-5) from 58.6% (NFHS-4, 2015-16)
followed by girlsaged 15-19 years[4]. The Comprehensive
National Nutrition Survey (CNNS) conductedin 2016-2018,
revealed that 41% of preschoolers (1-4 years), 24% school-
agechildren (5-9years) and 28% of adolescents(10-19years)
in India have anemia [5]. The etiology of anemia was
nutritional in 68.9%, 50.9% and 65.1% in children aged 1-4
years, 5-9 years and 10-19 years, respectively [5]. Iron
deficiency wascommonin under-five children, whilefolate
and vitamin B12 deficiency was higher among school going
and adolescent age groups. Folateor vitamin B12 deficiency
anemiaaccounted for more than athird of anemiain these
three age groups, and 10-18% of children and adolescents
with anemia had combined iron and folate or vitamin B12
deficiency [4].

Deficiency of hematopoietic micronutrients not only
resultsin anemia but also leads to impairment of cognitive
function in children, which affectslearning. Unfortunately,
these changes may be irreversible in younger children
emphasizing the need for timely prevention, diagnosis and
treatment. Additionally, nutritional anemias have a
deleteriousimpact onthephysica strength of theindividuals
aswell as decreased productivity and economic lossto the
country [6,7].

In the majority of children with nutritional anemia,
diagnosis is straightforward and can be established with
minimum diagnostic workup. Occasionally, in children with
co-exigting chronicinflammatory statesand chronicillnesses
likechronickidney disease, thediagnosiscan bechallenging
[8]. Severd testshavebeen added to our armamentarium that
can assist in the accurate diagnosis, but these must be used
judicioudy. Inaddition, theroleof newer ord and parenteral
preparationsof ironand vitamin B12 for trestment needstobe
clearly defined. Taking cognizance of the above, aneed was
felt to develop guidelines for diagnoss, treatment and
prevention of nutritional anemiasin children.

OBJECTIVE

To review the available literature and amalgamate
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evidence-based observations to formulate guidelines for
diagnosis, treatment and prevention of nutritional anemia
inchildren.

PROCESS

These guiddlines are a joint venture of the Pediatric
Hematol ogy-Oncology (PHO) Chapter and the Pediatricand
Adolescent Nutrition (PAN) Society of thelndian Academy
of Pediatrics. In September 2021, expertsfrom both chapters
interested in varying aspects of nutritional anemia were
invited to join the group. Task groups were constituted to
addressthe key issues, including i) Need for guiddines; ii)
Epidemiology and definitions; iii) Nomenclature; iv)
Etiology and diagnosisof iron deficiency anemia(IDA); v)
Treatment of IDA; vi) IDA not responding to ord therapy;
vii) Etiology and diagnosis of vitamin B12 and folate
deficiency; viii) Treatment of folate deficiency and vitamin
B12 deficiency anemia; and ix) Prevention of nutritional
anemia. Two to three experts were assigned each key issue
andwererequiredto review therelevant literature, including
therecent publicationsintherelatedfield.

Online meetings were organized from 15 to 18
November 2021, wherein the experts assigned the
individual tasks made a presentation. The group
discussed each topic and the presenting faculty was then
asked to make modificationsbased on theinputsreceived
during deliberations. The revised versionswere discussed
amongst the group membersfor any further modifications.
The group prepared the final document with recommen-
dations for each assigned topic. The level of evidence
(LoE) of each recommendation was graded as per the
Oxford Centre for Evidence-Based Medicine (OCEBM)
2011 Guidelines [9]. The fina draft guidelines were
circulated to al the committee members for comments,
modificationsandfinal approval. The statementsbelow are
the consensus recommendations of the expert group.

Scope: While formulating these guidelines, the primary
focus is the health benefits resulting from treatment and
preventive nutrient supplementation. The age group under
focusisfrom 6 monthsto 18 years. The recommendations
are easy to understand and apply in day-to-day clinical
practice. In smaller towns and rural areas, investigations
may not be available. These guidelines aim to guide the
management of children with suspected nutritional anemia
inareaswherefacilitiesfor laboratory diagnosisare scant.
Itisexpected that these guidelineswill enablethe medical
officers, pediatricians, and post-graduate trainees to
manage children and adolescents with nutritional anemia
scientifically. These guidelines are intended as an
additional shot in the arm for tackling the increasing
prevalenceof nutritional anemiain children.
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RECOMMENDATIONS
1. Definitions and Hemoglobin Cut-offs

The World Health Organization (WHO) suggests the use
of hemoglobin cut-off levels below two standard
deviations (SD) from the population mean (in a
representative healthy population) to define anemia and
its severity [10] as shown in Table |. However, whether
these cut-offs are representative and applicable for child-
ren residing in low-income and middle-income countries
(LMIC) isbeing questioned. It isargued that cut-off levels
for defining anemiain childrenin LMIC, includinginIndia,
may belower than the WHO cut-offs[11]. Using Compre-
hensive National Nutrition Survey (CNNS) 2019 data,
Sachdeva, et al. [11] haverecently published age and sex-
specific hemogl obin percentiles. For these percentiles, the
authorsincluded only those children from CNNSfor whom
the serum levelsof ferritin, folate, vitamin B12, and retinol
werenormal. They also excluded childrenwith elevated C-
reactive protein (CRP), variant hemoglobin and a history
of smoking. The hemoglobin cut-offsthusderived are 1-2
g/dL lower than the WHO suggested cut-offs at all ages
[12]. Although this data used by the authors is represen-
tative of the population, it has not yet been adopted by the
national public health programs

Nutritional anemiais classified based on the morpho-
logical featuresof red blood cells(RBCs). Caseswithiron
deficiency have microcytic anemiaand are characterized
by RBCswith|ow mean corpuscular volume (MCV). The
lower limit of MCV (fL) inchildren below 2 yearsis70fL
(Tablell). For children between2-10years, alower limit of
MCV is70 plusageinyears. In older children and adole-
scents (>10 years), an MCV cut-off value <80 fL can be
used to define microcytosis, asfor adults. Anemiaresulting
from deficiency of vitamin B12 or FA is characterized by
large RBCs (high MCV). The cut-off value for MCV to
definetheupper limit of MCV inchildrenaged 2-10yearsis
84 plus0.6 X Age(years). Beyond 10 years, the upper limit
of MCV to diagnose macrocytic anemiais90fL [13]. Not

Tablel Hemoglobin Thresholds (g/dL) to Define Severity of
Anemia as per theWorld Health Organization

Non- Mild Moderate Severe

anemic
Children6-59mo  >11 10-109 7-9.9 <7
Children5-11y >11.5 11-11.4  8-10.9 <8
Children12-14y >12 11-11.9 8-109 <8
Menaged >15y >13 11-129  8-10.9 <8
Womenaged 215y >12 11-119 8-109 <8
Pregnant women >11 10-10.9 7-99 <7
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infrequently, children are described to have dimorphic
anemiawhen deficiency of iron coexistswith deficiency of
vitamin B12 and/or folic acid resulting in two popul ations
of RBCs seen on examination of peripheral smear [14].
RBC histogram on the electronic cell counter will show
two peaks[15].

Recommendation

Thegroup recommends usi ng the existing hemogl obin cut-
offs (age- and gender-specific) provided by the WHO until
more reliable population-based age and gender-specific
hemoglobin nomogramsbecomeavailable. (L oE2)

2. Iron Deficiency Anemia
2.1 Diagnosis of Iron Deficiency Anemia

Inmost clinica situations, apresumptivediagnosisof IDA
can be made based on dietary history, clinical featuresand
the peripheral blood picture suggestive of microcytic
hypochromic anemia with anisopoikilocytosis. Unlike
thalassemiatrait, basophilic stippling isonly rarely seen.
The classical triad of low MCV, low mean corpuscular
hemoglobin (MCH) and low mean corpuscular hemo-
globin concentration (MCHC) for age is consistent with

Tablell Cut-offsfor Laboratory Estimatesfor the Diagnosis
of Nutritional Anemia

Parameter Cut-off
Microcytosis, MCV (fL)

Upto 2y <70
2-10y <70plusage (years)
>10y <80
Macrocytosis, MCV (fL)

2-10y >84plus0.6 X Age (years)
>10y >90
Serumferritin (ug/L)

>5y <15(IDA)
Withinfection <30(IDA)
Serum transferrin saturation <16% (IDA)
Reticul ocyte hemoglobin content (CHr) (pg) <29 (IDA)
% hypochromiccells >5% (IDA)
Free erythrocyte protoporphyrin level (FEP) (no/dL)

<5y >70 (IDA)
>5y >80 (IDA)
Serumfolate (ng/mL) <4 (Folatedeficiency)
RBCfolate(ng/mL) <100 (Folate deficiency)
Vitamin B12 (pg/mL) <200 (Vitamin B12 deficiency)
Homocysteine (mol/L) >15 (Folate deficiency)

Methyl MalonicAcid (nmol/L) >750 (VitaminB12

deficiency)

IDA-iron deficiency anemia, MCV-mean corpuscular volume.
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thediagnosisof IDA. The diagnosisisoften confirmedin
aclinical setting by assessing response to empirical iron
therapy [16,17]. Investigationsto establish the diagnosis
of IDA become necessary when an alternative diagnosis
cannot be excluded clinically and in children who fail to
respond to iron therapy. In such situations, the following
investigationsare useful:

Serumferritin: Serum ferritinisareiableindicator of body
ironstores. Itistheearliest marker of iron deficiency and has
been widely recommended as the initia investigation. A
systemicreview of guidelineson diagnosisand treatment of
iron deficiency observed that serum ferritin  assay is
recommended for diagnosis of IDA by al 22 guiddines
includedinthisreview [18]. However, therecommended cut-
off of serum ferritin to diagnose ID isvariable across these
guiddines. WHO also strongly recommends using serum
ferritin to diagnose IDA [19]. Serum ferritin <12 pug/L in
childrenunder-fiveyearsof ageand serumferritin<15ug/L in
individuals over 5 years of agein the absence of any active
inflammation are suggestive of IDA. Similar cut-offs have
al so been recommended morerecently by the British Society
of Hematology [20]. In the presence of infection or
inflammation, serumferritin <30 ug/L issuggestiveof IDA In
children[19].

Serum iron, total iron binding capacity (TIBC) and
tranferrin saturation (TS): Iron studies are recommended
when serumferritinresultsareequivocal. Serumironlevels
arelowinirondeficiency and IDA. However, thereisaday-
to-day variahility in iron levels as they are influenced by
recent intake. Hence, estimation of serumiron alonein the
diagnostic workup of IDA is not recommended. It is
estimated to calculate TS or TIBC [20]. Ten of the 22
guiddinesinthe systematic review recommended using TS
asanaternative or complimentary to the estimation of serum
ferritin[ 18]. Therecommended threshold of TSto diagnose
iron deficiency is <16% in young adults, although age-
specific cut-offs can be used in children where the cut-offs
used aredightly higher than adults[18,20,21].

Newer red cell indices: Sincethelifespan of reticulocytes
isvery short, the measurement of reticul ocyte hemoglobin
helps determine the availability of iron to form
hemoglobin. Additionally, unlike serum ferritin,
reticulocyte hemoglobin is not affected significantly by
inflammation. Reticulocyte hemoglobin is measured by
two methods, viz, reticul ocyte hemoglobin content (CHr),
and reticulocyte hemoglobin equivalent (Ret-HE). An
acceptable correlation has been demonstrated between
Ret-HE and CHr in multiple clinical studies. Ret-HE has
gained popularity for diagnosingiron deficiency and IDA
and evaluating a patient’s response to oral iron treatment
[20,22,23]. Since CHr and Ret-HE reflect the hemoglobin
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content inreticul ocytes, low valuesreliably indicate early
iron-deficient erythropoiesis prior to the onset of anemia,
serving as the earliest indicators of IDA. Although there
areno standardized cut-offsof Ret-HE to determine | DA,
commonly recommended cut-off in children vary between
25-30pg[20]. A cut-off of <29 pg hasbeen recommended
by the British Society of Haematol ogy for diagnosing IDA
in children [20]. These indices can a so be used to assess
the response to the treatment being one of the earliest
parametersto increasein responseto treatment. It needsto
be borne in mind that Ret-HE and CHr are aso low in
childrenwiththalassemiatrait[11,12].

Another novel parameter is the percentage of
hypochromic red cells (Hypo%), which reflectsiron status
over the preceding 3 months. It may be useful for
distinguishing thalassemiatrait from ID. More than 5 %
hypochromic red cell is the cut-off for defining iron
deficiency [20]. Hypo% is also a valuable parameter to
diagnose functional iron deficiency, i.e. inadequate
incorporation of iron in the erythroid precursors despite
having adequate iron stores as per the ferritin or bone
marrow iron stores. This is frequently seen in chronic
kidney disease[24].

Soluble transferrin receptor (sTfR): Soluble transferrin
receptors(STfR) are derived from actively developing red
cells and reflect active erythropoiesis. A cut-off of sTfR
>27.3 nmol/L hasbeen proposed to detect IDA. A low ratio
of sTfR/serum ferritin can help distinguish IDA from
anemia of chronic disease [25]. However, due to poor
sensitivity in early and intermediate iron deficiency, this
testisroutinely not recommended (20, 26).

Free erythrocyte protoporphyrin level (FEP): As iron
deficiency limitsthefinal step in heme synthesis, thereis
an accumulation of FEPinthered cell precursors. FEPis
elevated iniron deficiency and rapidly fallsasaresponse
to treatment. The cut-off level of FEP is >80 ug/dL for
children over 5 years of age and >70 pg/dL for children
younger than 5 yearsof age[16]. Spuriously highlevelsof
FEP are reported in the presence of hyperbilirubinemia
[27]. Moreover, FEP is raised in thalassemia trait and
hemoglobin E disease, two conditions common in our
country [28]. Recent guidelineshave not recommendedits
usefor diagnosingiron deficiency [20].

Bonemarrow studies: We do not recommend bone marrow
aspiration and staining for iron using Perls Prussian blue
stain, as the test isinvasive and is rarely justifiable as a
battery of non-invasive tests are available to assist the
diagnosis[17,18].

Recommendations

« Inmost clinical situations, apresumptivediagnosisof
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IDA can be made based on red cell indices and the
blood picture suggestive of microcytic hypochromic
anemia(Tablell). Theclassical triad of low MCV, low
mean corpuscular hemoglobin (MCH) and low mean
corpuscular hemoglobin concentration (MCHC) for
ageisconsistent with the diagnosis of IDA. Response
toirontherapy should be documented for confirmation
of diagnosis(L oE 2).

e Serum ferritin should be thefirst test to diagnose | D/
IDA whereinvestigativeworkupisindicated (L oE 1).

» Indtuationswhere serumferritin resultsare equivocal,
transferrin saturation may be used (L oE 2).

* CHrand Ret-HE, and percentage of hypochromic cells,
wherever available, can beused to diagnose IDA (L oE
1.

2.2 Treatment of Iron Deficiency Anemia

Thetreatment of IDA aimsat providing irontherapy inthe
appropriate dose, formulation and duration to restore
hemoglobin to normal range and replete body iron stores.
The treatment of IDA should also be comprehensive and
should include the identification of any secondary cause
of ID and its management (this is beyond the scope of
these guidelines). Treatment must also address dietary
modifications, if required, and a periodic follow-up for
assessment of therapeutic response. High quality
evidencefor the management of iron deficiency islimited
inadultsaswell asin children.

2.2.1 Route of Iron Therapy

Oral irontherapy istheroute of choiceamost always. Oral
iron may beinitiated based on history, hemoglobin, MCV,
and peripheral smear where possible, without the need for
biochemical investigations. Itissafe, effective, economical
and leads to rapid improvement in hemoglobin if
administered in the correct dose and followed up
appropriately. It is convenient for parents and is well
tolerated by almost all patients. Parenteral iron is rarely
ever requiredin children.

Oral iron preparations. Oral iron preparations are
available mainly in ferrous and ferric forms; the ferrous
form is better absorbed [29]. The three most common
ferrous iron preparations viz., ferrous sulphate (FS),
ferrous fumarate and ferrous gluconate provide 20%
(anhydrous 30%), 33% and 12% elementa iron,
respectively. Elemental iron is the form of iron in the
supplement that is available for absorption by the body.
Whileprescribing ord iron, theamount of elemental ironin
the preparation should be noted, and the dose should be
calculated accordingly. All these three ora iron
formulations have essentially equivalent bioavailability
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[30, 31]. Iron polymaltose complex (IPC) and ferrous
ascorbate are other availableiron preparations. The use of
iron polymaltose complex (IPC) over ferrous iron
preparations does not offer any therapeutic benefit. Patil,
eta. [32] have demonstrated higher hemoglobinrisewith
comparable doses of ferrous ascorbate compared to IPC
with asimilar side effect profile. Ferrous sulphate hasal so
shown an advantage over IPC in children with IDA in
terms of therapeutic efficacy [33]. In another study, IPC
was found to be inferior to iron bisglycinate for treating
IDA [34]. Ferrous ascorbate has also shown better
therapeutic efficacy compared to colloidal ironin children
with IDA [35]. Givenasimilar adverse effect profilewith
lesser cost, FS may be preferred to IPC and ferrous
ascorbate. Entericcoated and delayed-release iron
supplements were devel oped to improve the compliance
as their gastrointestinal side effect profile is better.
However, they are not absorbed as well as the standard
preparations because the release of iron occurs much
below the site of absorption and these preparations are
expensive[31]. Thefractional iron absorbed from enteric-
coated preparations is significantly less than from
uncoated preparations[36]. Box 1 summarizesthevarious
iron compounds used totreat IDA inchildren.

2.2.2 Dose and schedule of oral iron therapy

Therecommended therapeutic dose of iron for childrenis
usually 3-6 mg/kg/day [37,38]. However, it hasbeen noted
that doses of 2-3 mg/kg/day of elemental iron are also
efficacious and can improve patient compliance as they
reduce the side effects such as abdominal pain and
constipation. Powers, et al. [39] have recently shown a
very good hematological response using a 3 mg/kg dose.
The British Society of Gastroenterology (BSG) has
recommended the beginning dose of oral iron for adultsas
onetablet of iron sulphate, fumarate, or gluconate, which
usually has 66 mg elemental iron or less[31]. This, for an
averageweight adult, would mean about 1-1.5 mg/ kg.

Whether iron should beadministered asasingledose or
individed doseshasconflicting evidence. Someauthors[40]
have demonstrated better absorption with asingle morning
dose and aternate-day dosing, while others [41] have
demonstrated more intense reticulocytosis and better
reticulocyte hemoglobin in patientsreceiving atwice-daily
dose. Another study demonstrated equal efficacy of onceor
thrice daily iron dosing [42]. Overal, emerging evidence
supports the treatment of IDA with a single daily dose of
iron. The administration as asingle dose ensures|ong-term
compliance and administration of the drug in the evening
atleast one and a half to two hours after dinner improves
gastrointestinal tolerance[31]. Alternateday administration
may be advised in cases with intolerance, although it may
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Box | Various Oral Iron Formulations
FerrousvsFerric

1. All iron salts have to be reduced to ferrous form to enter
mucosal cells. Bioavailability of ferric preparations is 3
to 4 times less than that of conventional ferrous
preparations. Hence, ferrous salts are preferred.

2. Ferrous sdts are among the cheapest preparations
available

Ferrous sulphate
1. 20% elemental iron

2. Mainly as tablet forms; syrup form or elixirs (in sorbitol
base) are not stable

Ferrousfumarate

1. 33% elemental iron

2. Similar efficacy and gastrointestinal
ferrous sulphate, more stable, tasteless

3. Lesssolublein water / soluble in mild acid- gastric juice

Iron-Amino acid chelates

tolerance to

1. Ferric or ferrous ion with amino acid conjugates
« Ferrous bisglycinate (20% elemental iron)
eFerric trisglycinate
« Ferrous glycine sulphate (India)
2. No effect on colour or taste of food
3. Relatively high biocavailability in the presence of dietary
inhibitors
4. Environmentally stable
5. Chance of toxicity on overdose less

Iron Polymaltose complex (IPC)

Non-ionic iron and polymaltose in stable complex
Equivalent biocavailability to FS

Absorption better when taken with meals

No teeth staining

Poisoning risk less as intestinal transport gets saturated
a higher dose

Slower improvement in hemoglobin

aorwbdE

o

resultinad ower response. Absorption of thedrug isbetter if
given on an empty stomach, but oral ironisbetter tolerated
after ameal [43]. Iron should not beadministered with milk,
curd, calcium syrup/ tablets and is best given with water if
needed. Tea, coffee, and drugs interfering with absorption,
such as proton pump inhibitors and antacids should be
avoidedwithiron.

2.2.3 Duration of iron therapy

Recent BSH guidelineshighlighted that duration required
to replenish the body iron store is unclear. They have
persisted with ‘traditional’ 2-3 months after hemoglobin
normalizes [31]. Continued iron therapy in atherapeutic
dosefor this period allows replenishment of stores so that
iron-restricted erythropoiesisisresolved[38].

We recommend that iron therapy be continued for 2-3
monthsafter hemoglobin normalizes. Thegroup recommends
that the family/ caregiver be educated about the need for
continuing iron supplementation after correcting anemia.
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Before stopping the therapeutic dose, one should ensure
that thefamily feeding practices have been rectified and the
cause for secondary iron deficiency, if any, has been
ameliorated. Since iron prophylaxis is recommended till
adol escence the prophylactic dose should be adminis-tered
asrecommended by thenationd program [1].

2.2.4 Assessing response in iron deficiency anemia

After initiating therapy, the first response expected is a
decrease in irritability, lethargy and a sense of well-being.
Appetitegeneraly improveswithin 24 hours[37]. Compared
tomild and moderateanemia, theriseinreticulocytesismuch
higher in severe anemia, as is aso seen with the rise in
hemoglobin. Peak reticulocyte count is seen on days 5-10
followinginitiation of iron therapy, and wherever available,
reticul ocyte response should be assessed in addition to the
riseinhemoglobin. Hemoglobinriseson anaverageby 0.25-
0.4 g/dL/day, or hematocrit rises 1%/day duringthefirst 7-10
days. Theresfter, ad ower riseof 0.1-0.15g/dL /day isseenin
hemoglobin.

Thetiming for scheduled follow-up visits also varies
depending upon the severity of anemia. Children with
severe anemiawho do not receive ablood transfusion and
areinitiated onoral irontherapy needtobecalled onday 7
and day 14 for clinical evaluation and complete blood
count (CBC) or earlier if the child develops any danger
signslike edema, fast breathing, lethargy or irritability and
any adverse effects such asvomiting or diarrhea. Children
with moderate or mild anemianeed to be called for arepeat
hemoglobin or CBC onday 14 of therapy.

In the case of moderate/severe anemia, once
improvement in hemogl obin has been documented, further
followup should be done at 2-4 weekly intervals till
hemoglobinis>7g/dL, and then monthly. The usual rate of
increase in hemoglobin is >1 g/dL in 14 days. By 8-12
weeks, hemoglobin rises by 3-5 g/dL and in most cases,
anemiaiscorrected[32,35,44].

Follow-up visitsshould also be utilized to reinforcethe
need for food diversity and increased consumption of iron
and vitamin Crichfooditems, including poultry items(like
eggs, meat, organ meats like liver), fish, citrus fruits,
potatoes and tomatoes. Consumption of tea, phytates
(whole grains, ceredls, soy, nuts and legumes) and
phosphates should be curtailed.

2.2.5 Role of co-administration of cobalamin, folic
acid, or vitamin C along with iron

Folic acid is usually a part of al ora iron-containing
preparationsand henceroutingly giventoall childrenwith
IDA. Oral vitamin B12 may beadded wherethereisapoor
response to oral iron alone or in children with combined
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vitamin B12 and iron deficiency anemia (dimorphic
anemia). Combined deficiency isexpectedin up to 30% of
children with nutritional anemia. The presence of near-
normal MCV, dimorphicred cellsinthe peripheral smear,
features of megaloblastic anemia such as hyper-
segmented neutrophils, thrombocytopenia, macro-
ovalocytes, etc. warrants investigations for associated
folate and/or vitamin B12 deficiency. If documented, the
addition of folic acid and vitamin B12 in the therapeutic
dose is required. Contrary to earlier observations, a
randomized clinical trial in adults has shown no benefit of
adding vitamin Ctoirontherapy [45]. Hence, vitaminCis
not recommended in pharmaceutical forms. However, the
addition of citrus fruits to the diet immediately prior to
medication aidsiniron absorption.

Recommendations

*  We recommend ferrous salts (ferrous sulphate or
ferrousfumarate, or ferrousgluconate) for treating IDA
inchildren (LoE 2).

» Wedo not recommend the use of prolonged-rel ease or
enteric-coated iron tablets or liposomal iron
formulationsfor thetreatment of IDA (L oE 1).

*  We recommend an oral dose of 2-3 mg/kg/day of
elemental iron along with folic acid for treating IDA
givenfor upto 2-3 monthsafter hemoglobin normalizes
(LoED).

*  We recommend single daily dosing of oral iron.
Divided doses can be given in cases of
gastrointestinal adverse effects (L oE 1).

«  While on treatment, patients with severe anemia
should be called for first follow-up on day 7 while
patients with moderate and mild anemia should be
caledfor follow-up onday 14 (L oE 2).

3. Iron Deficiency Anemia Not Responding to
Oral Iron Therapy

Standard texts and review articles have listed causes of
failure of an adequate response, but which casesqualify to
belabeled as poor responders/non-respondersisnot well
defined [37,38,46]. The absence of hemoglobinriseof less
than 1 g/dL after 2weeksof daily oral irontherapy inadults
has been described as predictive of lack of response[31].
Okam, et a. [47], in apooled analysis of five studiesin
women, have aso defined non-responder as having less
than 1 g/dL rise in hemoglobin by day 14 of therapy.
Bhatia, et a. [48,49], whileevaluating Indian childrenfor
ironrefractory iron deficiency anemia(IRIDA), have used
criteriaof lessthan 1 g/dL risein hemoglobin after 4 weeks
of daily iron therapy to define non-response, as has been
used by others as well. While most cases with moderate
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and severeanemiawill have hemoglobinrise of 1 g/dL or
moreby day 14, it may not beso for caseswith mild anemia.

3.1 Evaluation of Non-responders

Ensuring compliance to therapy with adequate dosages
should be an integral part of follow-up evaluation and a
pre-requisite before labeling non-response to oral iron
therapy. A detailed review of dietary history and any
intercurrent illnesses that might interfere with iron
absorption should be done. The following points should
berevisited:

i) Conditionsinterferingwithironabsorptionlikeceliac
disease, Helicobacter pylori infection, autoimmune
gastritis, or anemiaof chronic disease should beruled
out by appropriatetesting asindicated in agiven child
[50,51].

ii) Patients should be evaluated for gastrointestinal
blood loss: Three consecutive stool samplesshould be
evaluated for occult blood. Cow milk protein
intolerance, Meckel diverticulum and inflammatory
bowel disease should be considered in case of a
positivestool occult blood [52-54].

iii) Evaluation of other causes of microcytic hypochromic
anemia: Celiac diseaseisacommon cause of refractory
IDAinchildrenin certain states. All cases of refractory
IDA should be screened for celiac disease using tissue
transglutaminase antibodies (tTG) along with serum
IgA, whenever suspected [55]. Children with
betathalassemia trait (BTT) have a blood picture of
microcytic hypochromic anemiaand can mimic IDA.
BTT and IDA can be differentiated by following
investigations[56,57]:

«  RBCcount>5million/mm3suggestsBTT, RBC count<
5 million/mm3 suggests| DA

* Red cell distribution width co-efficient of variation
(RDWCV)<14%BTT,RDWCV >14%inIDA

e Mentzerindex (MCV divided by RBC count) is<13in
BTTand >13inIDA

e High performanceliquid chromatograhy will confirm
the diagnosis of BTT by showing elevated
hemoglobinA2 (>3.5%).

iv) Anemia of chronic disease (ACD) is usudly
normocytic normochromic. However, in somecases, it
may be microcytic hypochromic. In apatient wherea
chronic infection is suspected, the diagnostic
evaluation needs to be directed towards the diagnosis
of theunderlying disease[58]. Additionally, inchildren
with suspected ACD evaluate for underlying chronic
renal disease or connective tissue disease.
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V) Ironrefractory irondeficiency anemia(IRIDA) isarare
inherited disorder in which absorption of oral ironis
markedly impaired. IRIDA is caused by loss of
function of the TMPRSS6/matriptase 2 gene, which
causes iron deficiency due to inappropriately high
hepcidinlevelswith markedly reduced iron absorption
and increased sequestration of iron in macrophages.
Patients present with amild hypochromic, microcytic
anemia with very low serum iron levels and low
transferrin saturation. Serum ferritinlevelsare mostly
within the normal range or even dightly elevated
following treatment with intravenous iron. The
diagnosis of IRIDA is confirmed by demonstrating
bialelic mutation in the TMPRSS5 gene. These
patients can be treated with atria of intravenousiron
therapy [49,59].

3.2 Parenteral Iron Therapy

Most caseswith IDA can be successfully managed by oral
iron supplementation. However, in some situations,
parenteral iron therapy isrequired (see below). Asthe new
intravenous (IV) iron formulations are devoid of major
adverse effects, these are the preferred preparations for
parenteral irontherapy [47]. Theintramuscular routeisnot
recommended asit ispainful and can lead to staining of the
overlying skin.

3.2.1 Indications for parenteral iron therapy

The conditions where the use of intravenous iron may be
required [7,38,47] are noted in Box I 1. In a retrospective
review, amongst children aged 3 months to 18 years
requiring intravenous iron in a US hospital, most cases
(73.8%0) wererelated to kidney diseases. Of theremaining 38
cases, 13 were unresponsive to oral iron due to poor
compliance or side effects, 13 due to malabsorptive states,
seven dueto ongoing blood losses, and two had IRIDA [60].

Box Il Conditions Where the Use of Intravenous Iron

May be Required [37,38,47]

¢ Poor adherence or intolerability due to gastro-intestinal
side effects of oral iron

¢ Need for rapid replenishment of hemoglobin and iron
stores rather than over the course of several months,
eg., in preoperative situations

¢ Ongoing blood loss that exceeds the capacity of ora
iron to meet needs (heavy uterine bleeding, mucosa
telangiectasias).

¢ Iron malabsorption due to pre-existing anatomic or
physiologic condition, e.g., short bowel syndrome

¢ Coexisting inflammatory state that interferes with iron
homeostasis

¢ Chronic kidney disease
¢ Genetic forms refractory to ora iron (IRIDA etc)

INDIAN PEDIATRICS

45

3.2.2 Preparations of intravenous iron

The following preparations of iron are available for
parenteral use:

e Ironsucrose Itisthemost commonformof IV ironused
inchildren[60]. Adverseevents, including anaphylaxis,
are rarely reported, so a test dose or routine pre-
medicationsare not indicated. Therecommended dose
rangesfrom 1-4 mg/kg elementd iron 1V infusionover 1
hour every week with a maximum dosing of 200 mg
elemental iron per infusion for adolescentsand 100 mg
of elemental iron per infusion for children. Most
patients require multiple infusions to complete the
replacement of their calculated iron deficit.

e Ferric gluconate: It is approved for children with
chronickidney disease on dialysisand erythropoietin-
stimulating agents aged >6y. No test dose or routine
premedications are indicated. The maximum dose is
125 mg elemental iron per infusion. Adverseeventsare
rarely reported.

e lron dextran: Low-molecular weight (LMW) iron
dextran is commonly given as a single replacement
dose(e.g., upto 1000 mg elemental ironinadults).

e Ferriccarboxymaltose (FCM): Itisincreasingly used
for adults who are intolerant to oral iron therapy and
also permits administration of the full replacement
dose in a single infusion in the majority of patients.
Data in the pediatric population is limited but
promising [61]. Hypophosphatemia is a common
complicationwithitsuse. It isusedin adose of 15mg/
kg singlerapid (over 15 minutes) intravenousinfusion
without any test dose.

United States Food and DrugsAdministration (FDA)
has approved low molecular weight iron dextran, ferric
gluconate, iron sucrose and FCM for usein children[62].
Theuse of iron dextran for intravenousiron therapy isno
longer recommended and it has been discontinued. Iron
sucrose, FCM and ferric derisomaltose (isomaltoside),
areapproved for treatment of iron deficiency in India.

3.2.3 Dose calculation for parenteral iron therapy

Hemoglobiniron deficit (mg) = Body weight (kg) X (Ideal
hemoglobin — desired hemoglobin) X (2.145) + iron to
replenish stores, if desired (mg).

Volume of product required (mL) = Bodyweight X (14 -
hemoglobin) x (2.145) + Concentration of elemental ironin
theproduct used (mg/mL.) [62-64].

For example, a6-year-old child weighing 20 kg with
hemoglobin of 6 g/dL would need 343.2 mg of elemental
iron, equivalent to 1.7 mL of iron sucrose injection
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containing 200 mg/mL of elemental iron (20X 8 X 2.145+
200). Thischildwill begiven 343.2 mg of elemental ironin
four divided weekly doses; 0.43 mL iron sucrosedissolved
in 100-200 mL of normal salineandinfused over 1-3 hours
every week X 4weeks,

An intravenous dose of iron for undernourished
children should be cal culated with present weight, while
for obese patients, ideal/lean body weight should be used
for calculation. Lean body weight can be calcul ated by the
formula: Lean body weight =BM I, X Ht?[65].

3.2.4 Precautions

Routinely no premedication is indicated. Patients with
comorbidity of bronchial asthma, drug alergy and
inflammatory arthritisrequire premedication with 1-2 mg/
kg of parenteral methylprednisolone before intravenous
iron administration.

3.2.5 Response to parenteral therapy

Subjective improvement in uncomplicated cases occurs
within afew daysof intravenoustherapy. Reticulocytosis
peaksat about 10 days. Symptomatic improvement occurs
in1-2 weeksparallel to arisein hematocrit. However, the
complete response may take approximately four to six
weeks after the dose is given. The follow-up evaluation
should be done between six to eight weeks after
administration because intravenous iron interferes with
most iron studies[66].

Recommendations

*  Werecommend that children with moderate to severe
iron deficiency anemiawho do not show anincreasein
hemoglobin of 1 g/dL from baseline at the end of two
weeks and those with mild anemia not showing
Hemoglobinrise by 1 g/dL at 4 weeks of supplemen-
tation should be evaluated for non-response to oral
iron(LoE 2).

» Insituationswhen parenteral therapy isindicated, we
recommend intravenous iron therapy. Intramuscular
and transdermal administration is not recommended
(LoE2).

*  Werecommend iron sucrose, FCM and ferric deriso-
maltose (isomaltoside) preparationsfor parenteral use
(LoED).

*  We recommend that follow-up evaluation be done
between six to eight weeks after intravenous iron
adminigtration (L oE 2).

4. Macrocytic Anemia of Nutritional Etiology

Macrocytic anemiacan be attributed to both vitamin B12
(cobalamin, Chl) and folic acid deficiency in children.
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Vitamin B12 deficiency is more common than folic acid
deficiency. Vitamin B12 deficiency is more common in
infants born to vitamin B12 deficient mothers and in
adolescents [67-69]; the problem is widespread in the
Indian population asthe mgjority arevegetarians.

Infants deficient in vitamin B12 may present with
developmental delay, tremors, or infantile tremor synd-
rome. Neurologic symptoms include paresthesias, hypo-
tonia, seizures, sensory deficits, developmental delay or
regression, irritability, or cognitive delay [70,71]. Severe
deficiency may cause bleeding manifestations due to
thrombocytopenia. Mild enlargement of liver and/or spleen
may befound. Thus, these patients may mimic caseswith
acute leukemiaand aplastic anemia[72]. Dermatol ogical
manifestationslike hyperpigmentation of knuckles, icterus
and angular stomatitisare commonly seenin childrenwith
underlying vitamin B12 deficiency. These may occur even
beforethe devel opment of hematol ogical and neurological
complications and hence these findings may aid early
diagnosis.

4.1 Diagnosis of Macrocytic Anemia
a. Mean corpuscular volume (MCV) cut-off

Macrocytosis is a common finding in vitamin B12
deficiency. MCV isonly ascreening test (see Tablel 1).

b. Peripheral smear findings

Peripheral smear shows the presence of macrocytes/
macro-ovalocytes. The presence of hypersegmented
neutrophils (=5 lobed nuclei) in more than 5% of
neutrophilsand |eucopeniaare commonly seen[73,74]. In
case of severe deficiency, thrombocytopenia may be
observed. A low reticulocyteisusually seen. With severe
anemia, circulating nucleated erythroid precursors, Cabot
rings, and Howell Jolly bodies can appear. Circulating
megal oblastsmay also beseen[73].

c. Serum folate assay

Serum folate is estimated by an automated
chemiluminescent assay. Thenormal serumfolatelevel is
6-20 ng/mL. The group suggests a level of 4 ng/mL (10
nMol/L) to define folate deficiency as recommended by
WHO[75].

d. Red Blood Cell Folate Assay

Red blood cell (RBC) folate content is unaltered after the
reticulocyte stage in the maturation of RBC. Hence, it is
less susceptibleto transient fluctuationsin folatelevels. It
reflects the folate status over the 120 days lifespan of the
RBC. RBC folate level below 100 ng/mL suggestsfolate
deficiency [73, 75]. RBC folate may be falsely low in
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perniciousanemiawhileit may befasely highinhemolytic
anemia, DA and after blood transfusion.

e. Serum Vitamin B12 (cobalamin) Assay

The endogenous forms of vitamin B12 include Chl and
holotranscobalamin (HoloTC), which representsthe active
fraction of plasma Chl. Chl assay quantitates both the
‘inactive’ forms (transcoba amin |- and transcobalamin I11-
bound or holohaptocorrin) and the ‘active’ form (trans-
cobalamin | 1-bound or hol otranscobal amin) of vitamin B12
in serum. Levels between 200 to 300 pg/mL (148 to 221
pmol/L) are considered borderline. Levels >300 pg/mL
(>221 pmol/L) are considered norma and exclude
significant vitamin B12 deficiency. Levels<200 pg/mL (<
148 pmol/L) are suggested to beused to definevitamin B12
deficiency [73,75]. In the presence of inflammation and
malignancies, serum Chl may befalsely high[73,76]. Chl
levels may be spuriously low in certain conditions like
pregnancy, intake of drugs like phenytoin, technical
issues, or coexistent folate deficiency [ 73,77].

Thelevelsdescribed abovefor defining vitamin B12 or
folate deficiency should be cautiously interpreted. The
low levels only substantiate the diagnosis, but normal
levels do not exclude the diagnosis in children with a
consistent clinical picture[72,73].

f. Holotranscobalamin (Holo TC) Assay

TheHoloTC assay hasbetter sensitivity and specificity in
identifying B12 deficiency than serum Chl assays. The
expected valuesfor HoloTC in healthy individual sare 35-
171 pmol/L. A cut-off of lessthan 35 pmol/L is suggested
for defining deficiency [ 73,74]. Thoughit hasbeenusedin
studies, itisnot availablewidely in India.

g. Assessing Functional Deficiency of Vitamin B12
and/ or Folate

Testing for metabolites in vitamin B12 and folate
pathways, including homocysteine (Hcy) and serum
methyl maonicacid (MMA), areuseful to evaluatevitamin
B12 /folate deficiency inthefollowing situations:

» Levels of vitamin B12 and/ or folate are normal or
borderlinelow in caseswithaconsistent clinical profile.

» Discordant laboratory findings and clinical picture
(unexplained macrocytic anemia or unexplained
neurologic/neuropsychiatric  symptoms with low
normal laboratory valuesof B12 and /or folate)

Vitamin B12 is a cofactor in the conversion of
methylmal onyl-CoA to succinyl-CoA and adeficiency of
vitaminB12|eadsto elevated levelsof MMA.. Bothvitamin
B12 and folate are required for the metabolism of
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homocysteine to methionine, and hence deficiency of
either can lead to accumulation and elevated levels of
homocysteine. In case both MMA and homocysteine are
eevated, vitaminB12 deficiency islikely. If MMA isnormal
and homocysteine is raised, folate deficiency would be
morelikely [73,74].

The accuracy of Chbl and/or folate levels aone has
limitations. Hence, it is recommended to evaluate for
functional folate/ vitamin B12 deficiency by estimating
serum MMA or Hey leve to confirmadiagnosisof vitamin
B12 and/or folate deficiency where the diagnosis is
doubtful [73,74]. Thenormal rangeof plasmaMMA is70to
270 nmol/L and of homocysteineis5to 15 umol/L. Plasma
total homocysteineismoresensitive, but plasmaMMA is
more specific. TheBritish Society of Hematol ogy suggests
MMA >750 nmol/L isindicative of vitamin B12 deficiency,
and Hcys above 15 mol/L could be indicative of folate
deficiency [73]. MMA may be spuriously highin children
with rena disease, smal bowel overgrowth and
hemoconcentration. Hcy may aso be elevated in
hypothyroidism, renal failure and certain genetic
polymorphisms. If Hcy and MMA arefound to be normal
with borderline Cbl levels, no further tests are needed
[73,74].

h. Bone Marrow Examination

Bone marrow aspiration (BMA) to prove megal oblastic
anemiaisnot required whentheclinical picture, complete
blood count (CBC) and peripheral blood findings are
diagnostic [73,74]. In the presence of atypical clinical
features or a CBC which does not corroborate the
diagnosis, it is preferable to perform a bone marrow
aspiration prior to initiating therapy to exclude other
causes, like aplastic anemia, acute leukemia, or
myelodysplastic syndrome, which could mimic
megaloblastic anemia [72]. BMA findings do not help
distinguish between vitamin B12 and fol ate deficiency.

i. Investigations for Suspected Pernicious Anemia

Pernicious anemia has hardly ever been reported in
childreninIndia. Anti-intrinsic factor antibody (anti-1F Ab)
test isused to eval uate perniciousanemiain adults. It hasa
high positive predictive val ue (95%) and ahigh specificity
(98-99%). However, sensitivity isonly 40-60%, asseenin
studies amongst adults. The sensitivity of gastric parietal
cell antibody is 80% for the diagnosis of pernicious
anemia. However, it is positive in 10% of normal
individuals as well. Hence, a positive antibody is not
definitivefor perniciousanemia[73]. Evenin developed
countries where nutritional deficiency israre, pernicious
anemiaand the presence of anti-IFAbisrarely reportedin
children.
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j- Tests for Genetic Disorders or Inborn Errors of
Metabolism causing Megaloblastic Anemia

Disorders affecting uptake and metabolism of folate or
vitamin B12, aswell asthiamine-responsive megal oblastic
anemia, orotic aciduria, and 3-phosphoglyceride dehydro-
genase deficiency, may al so cause megal oblastic anemia.
These conditions warrant evaluation for specific
mutations and biochemical assays which are beyond the
scope of these recommendations.

Recommendations

» A peripheral smear with the presence of macrocytes
and hypersegmented neutrophils along with an
elevated MCV should arouse suspicion of underlying
vitamin B12 or folate deficiency (L oE 2)

» Chl and folate assays should be done simultaneously
duetothe closerelationshipin metabolism (L oE 1)

*  We recommend that serum folate levels should be
estimated beforethe RBCfolatelevel (L oE 1).

* RBC folate levels need to be estimated if thereis a
strong suspicion of underlying folate deficiency
despite normal folate levels or as corroborative
evidencefor folate deficiency, wherever available (L oE
2).

» Plasma total Hcy and/or plasma MMA should be
considered as supplementary tests to diagnose
biochemical vitamin B12 deficiency in a suspected
clinical situation with borderline serum Chl or folate
level (LOE 2).

» We do not recommend routine testing of anti-gastric
parieta cell or anti-intrinsic factor antibody (L oE 1).

4.2 Treatment of Vitamin B12 and Folic Acid
Deficiency Anemia

4.2.1 Starting replacement therapy

Once the clinical features, dietary history and laboratory
findings (anemiawith raised MCV) corroborateto suggest
nutritional macrocytic anemia, replacement therapy should
beinitiated with vitamin B12 and folic acid. An assay of
serumvitamin B12 and folateisadvisable prior to therapy.
Whenitisnot possibleto estimate serum levels, treatment
with both vitamin B12 and folic acid should be provided.
Vitamin B12 alone should be started in the initial 10-14
days, followed by the addition of folic acid. Folic acid
should not be ingtituted alone if vitamin B12 deficiency
has not been excluded, asthe neurological symptomsdue
to vitamin B12 deficiency may precipitate or worsen
[78,79]. Treatment of children with dimorphic anemia
shouldincludeiron, folic acid and vitamin B12.
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Treatment regimens in children have not been well
studied, and the preferences of the route of administration
and doseof vitamin B12 arevaried [73,74,80-82]. Currently
available guidelines are restricted to the adult population
[73.

4.2.2 Route of vitamin B12 administration

Parenteral [(intramuscular (IM) deep subcutaneous (SC)
intravenous (1V) infusion) administration of vitamin B12
rapidly and reliably restores the vitamin B12 stores [83].
Parenteral vitamin B12 ispreferably administered by IM or
degp SCinjectionasvitamin B12israpidly excreted after IV
administration. Lately, sublingual [84,85] and intranasal
[86] routes of vitamin B12 administration have also been
tried in children with vitamin B12 deficiency. Due to the
paucity of robust scientific evidence, we do not recom-
mend intranasal and transdermal routes of vitamin B12
therapy in children. Oral vitamin B12 supplements are
convenient and cheaper compared to parenteral vitamin
B12 and can ensure better compliance in the long term.
Evidencein adults suggeststhat oral vitamin B12 may be
given as an aternative to parenteral vitamin B12 with
comparableefficacy and safety [87-90].

Comparativestudiesof oral vs. parenteral vitamin B12
in children are scant, although there are afew prospective
studies and case series assessing the response to oral
vitaminB12[91-97]. A comparativegroup study in children
with symptomatic vitamin B12 deficiency showed com-
parable efficacy of parenteral and oral cyanocobaamin
(CN-Chl) intermsof hematol ogical response measured by
ariseinhemoglobin, MCV and hematocrit[98].

Asmost casesof vitamin B12 deficiency inIndiaare of
dietary origin, injectablevitamin B12 should be used only
in cases where a fast response is required or compliance
with oral medication is not ensured. Faster and assured
response will be particularly required in children with
neurological manifestations and pancytopenia. Children
with severe thrombocytopenia should be treated with 1V
vitamin B12 as M administration may lead to hematoma
formation. In patientsbeing started on injectabletreatment,
after the initial response, maintenance therapy with oral
vitamin B12 should beconsidered [83,92,93, 98].

Varied protocolsof vitamin B12 supplementation have
beentriedin children with neurol ogical manifestations of
vitamin B12 deficiency using parenteral [99,100] or oral
vitamin B12[93,101], with different dosesand duration of
therapy. However, due to the need for quick and assured
responsein children with neurol ogical manifestations, we
recommend initial treatment with parenteral vitamin B12
[73,74].

In patients with malabsorption due to irreversible
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causes of vitamin B12 malabsorption, including surgical
cases, underlying autoimmune conditions, or genetic
defects in vitamin B12 absorption and transport, therapy
with parenteral vitamin B12 may be preferred [83].
Alternately, as shown by somestudies, life-long daily oral
or sublingual vitamin B12 may be given to children with
irreversible causes of malabsorption [87]. Intwo separate
randomized controlled trials, which included adults with
vitamin B12 deficiency dueto chronic atrophic gastritisor
perniciones anemia, oral vitamin B12 was as effective as
parenteral vitamin B12[88,89)].

4.2.3 Dose of vitamin B12

As the route of therapy is varied, so is the dose and
duration of vitamin B12 therapy in children depending
upontheage (infant, child, adolescent). Daily oral vitamin
B12invaryingdosesof 100 ug- 1000 ug[73,92,93,95,98]
and parenteral vitamin B12 in doses of 25-1000 pg
[73,74,80-82] have been used in children for treating
vitamin B12 deficiency anemia. Oral vitamin B12 needsto
be given in a fasting state as food interferes with the
absorption of vitamin B12 [102]. Based on the various
studies, our recommendationis:

Oral: Ora vitamin B12 therapy (500 pgininfants, 1000 ug
in older children) to be used to treat macrocytic anemia
due to dietary vitamin B12 deficiency. This dose may be
given every day for aweek, every other day for the next
week, 2timesaweek, onceaweek, onceevery 15daysfor a
month and then once a month to complete at least 3
monthsduration of therapy [92].

Alternatively, daily oral vitamin B12 therapy (500 ugin
infants, 1000 pg in older children) can be given for 3
months[92].

Parenteral: We recommend starting treatment with 25 g
of vitamin B12 given daily by IM (or deep SCor I V) route
for theinitial 2-3days. Thisisfollowed by 100 ug (50 ugin
infants) of parenteral vitamin B12 givendaily for thenext 7
days (till 3weeksin children with neurological features),
followed by 100 pg vitamin B12 IM/deep SC/IV on
alternate days for next 7 days, and followed by 1000 pg
vitamin B12 given IM/deep SC/IV every week over thenext
1month.

The starting dose of vitamin B12 in younger children,
especiadly those who are manourished or have severe
anemia, must be lower (25-50 pg) asthereisarisk of life-
threstening hypokaemia[103] aswell asarisk of neurological
deterioration in the form of worsening or appearance of
tremorsand other involuntary movements[104].

Further maintenance therapy (1000 ug monthly) can be
given by oral or parenteral route as necessary [87].
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The intravenous route to be used where the patient
has thrombocytopeniaasgiving IM or SC injections may
lead to hematomaformation.

4.2.4 Duration of vitamin B12 therapy

Children with hematol ogical manifestationsduetovitamin
B12 deficiency need treatment for at least 3 months
[74,83,92]. Children with neurological manifestations
should betreated for at least 6 months[83,92,105]. Children
with an irreversible underlying cause of vitamin B12
deficiency (e.g., perniciousanemia, inherited disordersof
vitamin B12 metabolism), underlying malabsorption
disorders and those with strong cultural practices (e.g.,
strict veganism) leading to vitamin B12 deficiency require
lifelong vitamin B12therapy [ 73,74,83].

4.2.5 Choice of pharmacological compound

Cyanocobalamin (CN-Chl) isthe synthetic form of vitamin
B12, which requires conversion to metabolically active
coenzymes viz., methlycobalamin (Me-Chl) and 5'-
deoxyadenosylcobalamin (Ado-Chl) (106). Hydroxo-
cobalamin (HO-Chl) isthelong-acting form of Vitamin B12,
needs less frequent injections and is hence preferred in
children with persicious anema or inherited disorders of
metabolic Vitamin B12 processing [107,108]. Currently,
there is insufficient evidence to suggest the benefits of
using Me-Chl or Ado-Chl over CN-Chl or HO-Chl interms
of bioavailahility, biochemical effects, or clinical efficacy.
Me-Chl is the formulation most readily available in the
market and can be prescribed for treating anemia due to
VitaminB12 deficiency.

4.2.6 Side effects of vitamin B12 administration

Unlike oral formulations, injections are more allergenic;
HO-Cbl is more allergenic than CN-Cbl, but allergic
reactions occur with all cobalamin forms and routes
[107,108]. Sideeffectslike nauses, itching, chills, fever, hot
flushes, nausea, dizziness, or rarely anaphylaxis can
occur. A sensitivity history should be obtained from the
patient prior to administration of parenteral vitamin B12. In
case of allergic reactions, hydrocortisone can be used for
premedication or desensitization can be tried [108]. 1V
vitamin B12 should beadministered asan infusion over 45-
60 minutes. Some children may even experiencetransient
worsening of neurological symptoms[109,110]. CN-Cbl
should be avoided in children with optic nerve atrophy or
L eber’sdisease, as CN-Chl may cause optic nerve damage

[107].

Thereis aneed to monitor serum potassium levelsin
theinitial few daysof therapy asthereisarisk of transient
hypokalemiaafter starting vitamin B12 therapy, especialy
inthosewith severeanemia[73,103,111].
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4.2.7 Treatment of Infants with vitamin B12 deficiency

Infantsborn to vegetarian mothersdeficient in vitamin B12
who receive exclusive breastfeeding for aprolonged period
are particularly prone to develop vitamin B12 deficiency
[104,109-111]. Werecommend checking mothers anemiaand
vitamin B12 statuswhil e treating symptomatic infantswith
vitamin B12 deficiency. These infants must be closdly
followed up for neurological development. Additionally, if
the mother isfound to be vitamin B12 replete, such infants
should be assessed to exclude any genetic causesof vitamin
B12 metabolism, which may need specific trestment
depending upon the underlying condition.

Treatment of infantiletremor syndrome (I TS) involves
therapeutic supplementation of vitamin B12 along with
other micronutrients. Severetremorsmay requiretreatment
with one (or more) of the following drugs - ora
propranolol, phenobarbitone, phenytoin, or uncommonly
with carbamazepineor steroids[112].

4.2.8 Treatment of folic acid deficiency

Anemia due to dietary folic acid deficiency in children
above one year of age and adults should be treated using
oral folicacid 1-5mgdaily [ 74]; in infants, oral dosesup
to 50 pg/day may suffice. A meta-analysis showed that
daily doses of >0.8 mg of folic acid aretypically required
to achieve the maxima reduction in plasma
homocysteine concentrations produced by folic acid
supplementation [113]. Doses of 0.2 and 0.4 mg are
associated with 60% and 90%, respectively, of this
maximal effect [113]. However, more recently, a dose of
0.2 mg/d over at least 6 months was shown to have
optimal effects[114]. The British Society for Hematol ogy
Guidelines[73] recommend 5 mg of FA to be given for 4
monthsto treat megal obl astic anemiadueto dietary folic
acid deficiency in adults. In children with underlying
mal absorption, higher daily doses of 5 mg are preferred.
The duration of folic acid therapy is for 3-4 months in
order to replenish the depl eted stores. Vitamin B12, even
if found to be normal, should be continued alongside in
doses of at least 1-2 pg/day to prevent neurological
deterioration.

If the anemia or macrocytosis does not resolve
with folic acid therapy and/or the child develops new
neurol ogic symptoms, serum vitamin B12 must be tested
again. Such children should be treated with parentera
vitaminB12[115]. Reducedfolateform, viz, folinicacid, is
used to treat certain specific folate metabolism disordersor
toxic effectsof chemotherapy [116].

4.2.9 Assessing response to treatment

Clinical improvement with a sense of well-being starts
within 24 hoursof treatment. Glossitis startsimproving by
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day 2 and resolves by the end of the second week of
treatment. Theclinical evaluation can be scheduled within
the first week for those with severe anemia and in the
second week for children with moderate or mild anemia.
However, if thereisno improvement, worsening of symp-
toms, or appearance of neurological signs, he/she needs
to be assessed earlier.

In addition to symptomatic improvement, we recom-
mend |aboratory evaluation with complete blood counts
(CBC) and MCV. Thetiming of thefirst follow-upvisit for
|aboratory investigations (hemoglobin, CBC) canbeday 7
for those with severe anemia, day 14 for moderate anemia
and day 28 for mild anemia. Where there are concerns
regarding absorption of oral vitamin B12, we can assay
serumvitaminB12levels.

The most useful objective parameter is the rise in
reti cul ocyte count which startswithin 48-72h and peaksat
the end of the first week after starting treatment; the
reticulocytosis is usually proportional to the severity of
the anemia. MCV begins to fall by day 14 and usually
normalizes by week 6-8. Hypersegmented neutrophils
disappear by 10-14 daysof treatment. The CBC, including
mean corpuscular volume (MCV), should be completely
normal by 6-8 weeks. In the case of suboptimal response, it
isimportant tolook for coexisting iron deficiency aswell as
aternate diagnoses.

Neurologic improvement also begins within the first
week and is typically complete in 6-12 weeks [74]. An
aternate diagnosis should be looked for in case of
worsening neurological symptoms despite treatment.
Permanent neurological sequelae with vitamin B12
deficiency are common, especially ininfantsand younger
children[104,109,111].

As per existing evidence, we do not recommend
estimating serumvitamin B12 and hol otranscobaamin| to
assess response to treatment as their levels may rise
rapidly after administration.

4.2.10 Evaluation of a child with sub-optimal
response

In case of inadequate response, the compliance and dose
of medication should be rechecked. If initialy started on
oral therapy, it may be preferable to switch to parenteral
vitamin B12 therapy and re-evaluate the response. It is
recommended to evaluate for other causes of macrocytic
anemialike hypothyroidism, thiamine-responsive macro-
cytic anemia, chronic hemolytic anemia, hypoplastic
anemia, myelodysplastic syndrome, genetic disorders of
vitamin B12 and (or) folate metabolism and underlying
liver disease. We also recommend evaluating coexisting
iron deficiency and testing for other causesof anemia[74].
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Recommendations

* Inthepresence of discordance between thelaboratory
results and strong clinical features of vitamin B12
deficiency, treatment should not be delayed to avoid
neurological impairment (L oE4)

» Mild to moderate macrocytic anemia due to dietary
vitamin B12 deficiency canbetreated with ora vitamin
B12(LoE3).

» Thegroup recommendsinitial parenteral Vitamin B12
therapy in children with neurological manifestations,
underlying malabsorption of vitamin B12, severe
anemia / pancytopenia or disorders of vitamin B12
metabolism (L oE3).

» Inpatientsbeing started on parenteral treatment, after
the initial response, maintenance therapy with oral
Vitamin B12 can beconsidered (L 0E1).

» Children without neurological manifestations due to
vitamin B12 deficiency need treatment for at least 3
months, and those with neurological signs and
symptoms need at least 6 monthsof therapy (L oE3).

» Treatment of folic acid deficiency should beinitiated
only after excluding co-existing vitamin B12 deficiency
(LoE2).

» Folicacid deficiency istreated with oral folic acid 1-5
mg per day for 3-4 months(L oE1).

5. Indication for Blood Transfusion in Nutritional
Anemia

Blood transfusion (packed red cellswholeblood) israrely
required to treat nutritional anemias in children. Iron/
vitamin B12/folic acid deficiency results in chronic
compensated anemiawhereintravascular volumeismain-
tained despite severely low hemoglobin. Blood
transfusion is often dangerous as it increases the risk of
transfusion-associated circulatory overload and may
delay bone marrow recovery. The only indication of
packed red cell transfusion in children with nutritional
anemia is the presence of cardiac decompensation in
severeanemia, whererapid restoration of oxygen-carrying
capacity isvital for survival [117,118]. Severeanemiawith
no cardiac decompensation may be managed successfully
with supplementation therapy, provided compliance is
ensured. As recommended by WHO, the indications for
blood transfusionfor children arewith hemoglobin<4 g/dL
or hemogl obin between 4-6 g/dL associated with cardiac
decompensation [119]. In case of an absolute indication,
packed red cellsmay betransfused at avolumeof 5-10mL/
kg over 4 hours under close cardiac monitoring with the
administration of furosemide, if required.
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6. Dietary Counselling in Nutritional Anemia

All children being treated for nutritional anemiashould be
provided an appropriate diet in addition to micronutrient
supplementation. During the second year of life, adaily
milk intake of 400-600 mL isappropriateto meet calcium
needsand intakes above 800 mL per day can predisposeto
iron deficiency [120]. If the infant/ child is being given
excessmilk, it should bereplaced by complementary feeds
(seebelow). Thefamily needsto be counseled toimprove
the diet of the patient. This will not only help faster
recovery from anemia, it will aso prevent further
recurrence. Nutrition education and counseling to
improvedietary diversity and quality isakey intervention
for the prevention of anemiain children[121-123]

After 6 months of life, infants should be started on
appropriate complementary feeding. Green leafy vege-
tables such as palak (spinach), cholai (amaranth leaves),
cabbage, sarson (mustard leaves), drum stick leaves,
turnip, radish, beetroot, lotus stems, sweet potato,
tomatoes, etc. are good sources of iron. Oranges, lemon,
watermelon, pomegranate, apple, grapes, guava, musk
melon, and gooseberriesarerichiniron. Dry fruitssuchas
dates, raisins, walnuts, amondsaswell asragi seedsalso
are good sources of iron. Use of jaggery or palm sugar
instead of refined sugar should be encouraged. Non-
vegetarian food such asred meat isagood source of heme
iron which has better bioavailability than non-hemeiron.
Nutritional counselling should consider regional and local
variationsinthediet, varied cultural practices, methods of
food processing and meal preparation and affordability
[1,124].

Intakeof foodsrichinvitaminB12andfolic acid should
be adequate. Food rich in vitamin B12 includes meat,
poultry, shellfish, eggs, dairy products, mushrooms and
fermented foods like curd and yogurt. Foods like leafy
green vegetables (spinach, lettuce), broccoli, sprouts,
lemons, bananas, melons, liver, oranges, beetroot, mango,
okra, and flaxseed contain useful amounts of folate. To
prevent loss of folate, foods should not be overcooked
and should not be repeatedly washed in large amounts of
water [125].

Recommendations

«  We recommend that caregivers of al infants and
children being treated for nutritional anemiashould be
counselled to improve the diet. All infants must be
exclusively breastfed till 6 months of age. Age-
appropriate, adequate and diverse complementary
foodsafter 6 monthsare recommended to optimizethe
micronutrient intakein children. For children ol der than
12 monthsof age, intake of milk should belessthan 600
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mL per day and bottlefeeding should be discontinued
tolimitmilk intake(L oE 1).

7. Prevention of Nutritional Anemia

For prevention of anemia in children following

strategiesarerequired:

All infants should be exclusively breastfed till 6
monthsof age asmother’smilk isagood sourceof iron
compared to cow’smilk [126]. After 6 months of age,
infants should be started on complementary feeding.

I'ron supplementation: Under public health programs,
iron supplementation across age groups is recom-
mended [1]. Iron supplementation is particularly
needed for high-risk agegroups, i.e., infantsborn pre-
term or low birth weight, pre-schoolers and adole-
scents, to replenish the iron sores. Preterm infants do
not have adequate hepatic iron stores and require
larger amounts of iron for catch-up growth. Targeted
laboratory screening for iron deficiency anemia(IDA)
should be performed ininfants and children with risk
factorslikemalnutrition, prematurity, low birth weight,
poor diet or symptomsof IDA. Thepublished literature
supports the role of early iron supplementation in
pretermor low birthweight (LBW) infantsinimproving
hemoglobinlevel andiron stores, with alower risk for
IDA in infancy [126-128]. American Academy of
Pediatrics (AAP) recommends iron supplementation
(dose of 2 mg/kg/day of elemental iron, maximum 15
mg) in breastfed preterm or low birthweight infantsas
early as two weeks of age and continued in infancy
until adequateironintakefrom complementary foodis
assured [128]. Ord iron supplementation inadose of 2-
4 mg/kg/day (elemental iron) in LBW infantsfrom 2-4
weeks of lifeto 12 months of age isrecommended by
National Neonatology Forum, India[129].

Older infants (>6 months) and toddlersareat high risk
of nutritional anemia due to inadequate and poor-
quality complementary diet. Therefore, screening for
anemia using hemoglobin estimation should be done
a 9-12 months when these infants visit for measles
vaccination. This contact point should be utilized to
assess the adequacy of complementary food intake
and provide appropriate counselling if required.
Further, daily iron supplementationin adoseof 1-2mg/
kg/day can be considered in them individualy,
especialy where dietary intake is inadequate. In
young children and adol escents, additional screening
may bedoneat any timeif thereisclinical suspicionor
risk factor for anemiasecondary to nutritional or anon-
nutritional cause. Additionaly, siblings of any child
diagnosed with IDA must also be assessed for ID and
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managed accordingly. Daily iron supplementation is
also suggested for adol escent children, especialy girls
(60-100 mg elemental iron), to replenishtheiron stores
for pubertal growth and devel opment [130].

Iron prophylaxisfor prevention of anemiain children
and adolescents at the community level: Inthelast 5
decades, the national programsfor the prevention and
control of anemia have evolved from National
Nutritional AnemiaProphylaxisProgram (NNAPP) in
1971, National Nutritional AnemiaControl Programme
(NNACP) in1993, National Iron PlusInitiative (NIPI)
program in 2013 to the current Anemia Mukt Bharat
(AMB) program in 2018 [12]. The focus of all
government programs has been primarily on com-
bating iron and folate deficiency by strengthening the
distribution of iron andfolic acid (IFA) supplementsto
the beneficiaries. Under AMB program, screening for
anemiaisrecommendedfor dl children 6-59 months, in-
school and out-of-school children (5-9 years), school-
going adolescents 10-19 yearsin government/ govern-
ment-aided schoolsand all childrenwith clinical signs
and symptoms of anemia (12). Iron folic acid supple-
mentation in an age-appropriate dose is provided to
infants and preschool children and school-going
children and adolescents biweekly and weekly,
respectively. WHO (2016) guidelinesrecommend the
use of daily iron-folic acid supplementation for all
beneficiariesin areaswherethe prevaence of anemiais
>40% [130]. Daily therapy resultsin poor adherence
due to the long duration of treatment and increased
sideeffects. Recently, Cochrane systematic review has
reported that intermittent iron supplementation is
better for improving hemoglobin concentration and
decreasing the risk of anemia in children <12 years
compared to placebo or nointervention[131].

WASH strategies and deworming: There is enough
evidence to suggest that children exposed to poor
sanitation and hygiene conditions and open defeca-
tion havelower hemoglobin levelsdueto anincreased
risk of intestinal infection and chronic gut inflammation
[132, 133]. It hasbeen observed through clinical trials
that theimplementation of adequate water, sanitation,
and hygiene (WA SH) strategies have been successful
in reducing the prevalence of anemia in children
[134,135]. Thereisevidenceto support the use of mass
administration of anti-helminths in decreasing the
prevalence of anemia[136,137]. To intensify efforts
toward soil-transmitted helminths (STH) control in
India, the National Deworming Day programisimple-
mented. Biannual mass deworming (abendazole
tablet) iscarried out for children and adolescents (1-19
years) every year under theAMB program[12]. Under
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thisstrategy, under-five children, out-of-school child-
ren and adol escentsare provided deworming tabletsat
Anganwadi centers by AWWSs, while school-going
children and adolescents are provided the same
through school teachers.

» Delayed umbilical cord clamping: To build and regain
theiron storesininfants after birth, delayed umbilical
cord clamping (by at |east 3 minutes, not earlier than 1
min, or until cord pulsations cease) isrecommended by
WHO and AMB guidelines [12,138], especially for
infants born to anemic mothers [139]. Efforts are
required to operationalizethispracticeat al healthcare
levels.

Recommendations

* Iron supplementationisrecommended for preterm and
low birth weight infants to replenish the iron stores
and prevent iron deficiency anemiaand continued in
infancy until adequateiron from complementary food
isassured. (LoE 1)

» All children, especially those with risk factorsfor the
development of anemia, should be screened for anemia
at 9-12 months, 5 yearsand adol escence.

* In view of operationa feasibility and better comp-
liance, intermittent iron-folic acid supplementation
(under theAnemiaMukt Bharat program) isrecommen-
dedfor al infants (>6 months), pre-school ers, school -
age children and adolescents for the prevention of
nutritional anemia. (L oE 1).

» Delayed cord clamping isrecommended for deliveries
indl hedlth carefacilities. (L oE 1)

CONCLUSIONS

Considering the increased prevalence of nutritiona
anemiasin children despitetheintroduction of preventive
programs by the Government of India, theexpert group felt
aneed to provide evidence-based guidelinesfor managing
nutritional anemias in children. Most of the available
guidelines for managing nutritional anemias are for adult
populations. The committee noted the lack of robust
scientific evidence for certain recommendations and felt
these key areas need to be studied scientifically in Indian
settings(Box 111).

We endorse the hemogl obin cut-offsrecommended by
the World Health Organization to define anemia in
children. Keeping thefeasibility and reliability of available
laboratory tests, we suggest that IDA be diagnosed based
on examination of CBC, including RBC indices and
peripheral smear; diagnosis can be confirmed by the
therapeutic response to oral iron. Most cases of IDA can
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Box Il Areas for Future Research in Nutritional
Anemias

e Single dose versus divided doses of oral iron for treatment
of iron deficiency anemia in children

* Therapeutic response to different doses and preparations
of oral iron

e Management of non-responders to oral iron
¢ Use of intravenous iron in children

e Diagnostic role of methyl maonic acid and
holotranscobalamin in children with borderline vitamin
B12 levels.

* Therapeutic response to ora vitamin B12 therapy in
children.

e Optimum therapeutic dose and schedule of vitamin B12
in children

be treated with oral iron. Our guidelines also provide
answersto seemingly minor but clinically relevant issues
such as duration of treatment in IDA, evaluation of
response to treatment and management of non-
responders. There is sparse evidence for managing
vitamin B12 andfolic acid deficiency anemia, and wecould
only retrieve one guideline for the adult population. We
have attempted to providetreatment guidelinesfor macro-
cytic anemia due to deficiency of vitamin B12 and FA in
children as evidence-based as possible. We recommend
treatment with vitamin B12 without further delay where
thereareclinical featuresof vitamin B12 deficiency eveniif
laboratory tests are equivoca to prevent neurological
impairment. Mild to moderate macrocytic anemia due to
dietary vitamin B12 deficiency can be treated with ora
vitamin B12. However, patients with neurological
manifestations, those with pancytopenia, severe anemia,
or mal absorption warrant parenteral vitamin B12 therapy.
In patients being started on parenteral treatment, after the
initial response, maintenancetherapy with oral vitamin B12
can be considered. Treatment of FA deficiency should be
initiated only after excluding co-existing vitamin B12
deficiency. We recommend screening children for anemia
at 9-12 months of age, 5 years and during adol escence, in
addition to intermittent iron FA supplementation as
advocated under theAnemiaMukt Bharat Program.

Contributors: All authors have contributed, designed and
approved the study.
Funding: None; Competing inter ests: None stated.
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Prediction Modelsfor PneumoniaAmong ChildrenintheEmergency

Department

Source Citation: Ramgopal S, Lorenz D, Navanandan N, et al. Validation of prediction models for pneumonia among
children in the emergency department. Pediatrics. 2022;150:€2021055641.

SUMMARY

Weevaluated five previoudly published prediction models
for radiographic pneumonia (Neuman, Oostenbrink,
Lynch, Mahabee-Gittens, and Lipsett) using datafrom a
single-center prospective study of patients3 monthsto 18
years with signs of lower respiratory tract infection. Our
outcomewas radi ographi ¢ pneumonia. We compared each
model’s area under the receiver operating characteristic
curve (AUROC) and evaluated their diagnostic accuracy
at statistically-derived cutpoints.

Radiographic pneumoniawasidentified in 253 (22.2%)
of 1142 patients. When using model coefficients derived
from the study dataset, AUROC ranged from 0.58 (95%
confidence interval, 0.52-0.64) to 0.79 (95% confidence
interval, 0.75-0.82). When using coefficientsderived from
origina study models, two studies demonstrated an
AUROC >0.70 (Neuman and Lipsett); this increased to
three after deriving regression coefficientsfrom the study
cohort (Neuman, Lipsett, and Oostenbrink). Two models
required historical and clinical data(Neuman and Lipsett),
and the third additionally required C-reactive protein
(Oostenbrink). At a statistically derived cutpoint of
predicted risk from each model, sensitivity ranged from
51.2% to 70.4%, specificity 49.9% to 87.5%, positive
predictivevalue 16.1% to 54.4%, and negative predictive
vaue83.9%1t090.7%.

Prediction models for radiographic pneumonia had
varying performance. The three models with higher
performance may facilitate clinical management by
predicting the risk of radiographic pneumonia among
childrenwith lower respiratory tract infection.

COMMENTARIES
Evidence-based Medicine Viewpoint

Ramgopal, et a. [1] evaluated variousmodelsdesigned to
predict the presence of radiographic pneumonia among
children with clinical features of lower respiratory tract
infection (LRTI) [1]. Thejustification was that this could
reducethetendency to perform chest X-rays, especialy as

INDIAN PEDIATRICS

radiography isnot recommended in routine cases. Further,
as clinicians tend to prescribe antibiotics to those with
radiographic pneumonia, reducing the need for chest X-
rays may indirectly reduce the indiscriminate use of
antimicrobials also. The investigators evaluated the
models, by conducting secondary dataanalysis of astudy
conducted by them, wherein children aged 3mo-18y with
clinical criteria of LRTI undergoing chest X-rays for
suspected pneumonia, were prospectively enrolled [2]. In
the original study [2], they also developed a prediction
model for radiographic pneumonia, and compared their
ownmodel totheexternal models.

Five prediction models published between 2004 and
2021 wereevaluated [3-7]. Briefly, X-raysof thechildrenin
the prospective cohort [2] meeting the criteriain each of
the prediction models, were independently examined by
two qualified radiol ogists, whowereblinded to theclinical
information[1]. Their reporting determined the presenceor
absence of radiographic pneumonia, based on which the
predictive capability of each of the models was
determined. The investigators used two methods to
analyze the data, first using the values (of regression
coefficients) as published in the origina studies, and
second using their own dataset to estimate new regression
coefficientsfor thevariablesinthe models.

Themainresultsaresummarizedin Table 1, alongwith
calculations of the accuracy of each model at hypothetical
prevalence of 10%, 20% and 40% radio-graphic
pneumonia. Firstly, none of the five prediction models
reliably predicts the presence or absence of radiographic
pneumonia. Second, there are wide variations in the
performance of the models. Third, the specificity of the
fivemodelsimproved when the regression coefficients of
the investigators dataset [1] were used. An older
systematic review [8] evaluating the prediction of radio-
graphic pneumoniafrom clinical symptomsand signs, also
identified only moderate sensitivity and specificity.

Critical Appraisal
The study methods broadly met the standards expected for
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Table 1: Summary of the Sudy ResultsWith Estimates of Accuracy Using Hypothetical Prevalencesof Radiographic Pneumonia

Dataanalysisusing Accuracy at an Dataanalysisusing Accuracy at an
regression coefficients estimated pre- regression coefficients estimated pre-
aspublishedinthe valence of: derived for the pro- valence of:
original studies spective study
S Sp LR+ LR- 10% 20% 40% S Sp LR+ LR- 10% 20% 40%
Lynch (2004) 830 30.0 1.19 057 353 406 459 704 499 141 059 520 540 56.1
Mahabee-Gittens (2005) 95.3 80 1.04 0.58 16,7 255 342 512 640 142 0.76 62.7 614 60.2
Neuman (2011) 700 654 202 046 659 663 668 69.6 771 3.03 0.39 76.4 756 749

Oostenbrink (2013) 634 498 1.26 0.73 512 525 539 528 875 423 054 840 806 771

Lipsett (2021) 817 526 1.72 0.35 555 584 613 601 799 298 0.50 779 759 740

LR+ = Likelihood ratio (positive test result), LR- = Likelihood ratio (negative test result), Sh = Sensitivity, Sp = Specificity.

undertaking external validation of diagnostic tools. In
addition, there were several methodol ogical refinements.
Theinvestigators used afairly robust system of imputing
missing piecesof dataintheir cohort, rather than using the
averages of available data. Since CRP measurement was
not done in all the children enrolled in the pros-pective
cohort, the analysis was carried out with actual (rather
than imputed) CRP values. The investigators aso
undertook a separate analysis of the performance of the
prediction modelsfor childrenyounger than fiveyearsold.
Limitations of the study methods and datainter-pretation
areelaborated bel ow.

The goal was to predict radiographic pneumonia
among children with ‘suspected community acquired
pneumonia (CAP).” However, instead of employing the
commonly used criteria for suspected CAP (such as the
revised 2014 WHO criteria[9], or the 2012 PERCH criteria
[10] among children <5y) or eventhe broader severe acute
respiratory illness (SARI) criteriafor suspected influenza
[11], the investigators suspected CAP based on
symptoms and signs of LRTI (which they defined as new
or different cough or sputum production, chest pain,
dyspnea, tachypnea, or abnormal auscultatory findings).
First, it is unclear whether any one, or some, or all these
criteria were required to label a child as having LRTI.
Second, therelationship between these criteria(for LRTI)
and the diagnosis of pneumonia is also unclear. Third,
some of the components in the definition (for example
sputum, chest pain, dyspnea) are oriented towards older
children and adolescents; and difficult to determine in
younger children and infants.

Two radiologists blinded to the clinical details, were
expected to provide one among thefollowing four reports
viz., normal X-ray, probable or definite atelectasis,
atelectasis versus pneumonia, or definite pneumonia[1].
Thelast two categories were used to define ‘ radiographic
pneumonia . Here, itisimportant to notethat ‘ pneu-monia
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isnot aradiological finding. Therefore, it would berelevant
to know what radiologic criteriawere used to report an X-
ray as having pneumonia. The paper does not clarify this
point [1]. Almost two decades back, the World Health
Organization (WHO) proposed radiographic pneumonia
as the “presence of consolidation (further clarified as
denseor fluffy opacity with or without air bronchograms),
other infiltrate (evidenced by linear and patchy alveolar or
interstitial densities), or pleural effusion” [12]. In fact,
these criteria have been used in large studies on
childhood pneumonia[13,14]. There-fore, itisintriguing
why theinvestigatorsfailed to definetheradiol ogic criteria
for pneumonia[1,2].

Second, the original study [2] had different reporting
criteria. The fourth category therein was “probable or
definitepneumonia’, compared to “ definite pneumonia’ in
themorerecent publication [1]. Despitethisdifference, the
authors reported the same number of children with
radiographic pneumoniain both publications- therewere
203 children with“ definite pneumonia’ inthe recent study
[1], and 203 with “ probabl e or definite pneumonia’ inthe
previouspublication[2]. Thisisonly possibleif therewere
zeroreportsof “ probable pneumonia’ inthe cohort of 1142
patients (which seems implausible). Third, although the
recent publication [1] stated that the radiologists were
blinded totheclinical details, the previous publication[2]
stated that “persistent discordant interpretations” were
resolved after considering the clinical interpretation,
suggesting that blinding was absent at least in some
cases.

Detailed examination of the five prediction tools
evaluated [3-7] revealed considerable heterogeneity in the
included population, enrolment criteria, basisfor suspecting
pneumonia clinically, definition of pneu-monia, variables
studied, and the criteria used to define “radiographic
pneumonia.” ThesearesummarizedinTable2. Giventhelack
of clear definitions in most of the studies [3-7], it is not
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surprising that theyield of “radio-graphic pneumonid’ (ina
cohort of children suspected to have pneumonia), varied
from, aslow as7.4%toamaxi-mumof 35.8%. Thisdignswith
the datafrom asyste-matic review reporting that only 19%
children with suspected pneumonia, had radiographic
pneumonia in developed countries [15]. In developing
countries also, the previous WHO pneumonia criteria of
cough or breathing difficulty, with age specific tachypnea
identified radiographic pneumoniainonly aminority [16,17].

Clinical experience and the recent multi-country
PERCH studies also suggest that chest radiography does
not correlate with microbial etiology. Infact, in Thailand,
Zambia, Bangladesh, and Mali, the most common orga-
nism identified among children with radiologically con-
firmed pneumoniawas RSV followed by M. tuberculosis
[18-21]. Inthe Gambiaalso, RSV dominated, although S.
pneumoniae was adistant second [22]. In Kenya, viruses
accounted for over three quarters of radiologically
confirmed pneumonia, whereas bacterial etiology was
seen in only 16% [23]. Even ‘primary end-point
pneumonia ; oft-quoted to correlate with Pneumococcal
etiology, could not be accurately predicted by clinical
characteristics alone [24]. A systematic review on the
efficacy of Pneumococcal conjugate vaccine[25] showed
that while the vaccine had 80% efficacy against vaccine-
serotype invasive disease, it had only 27% efficacy
against radiographic pneumonia, suggesting that the
majority of radiographic pneumoniawere non-bacterial.

Neither the current study [1,2] nor the previous studies
[3-7] attempted to determine the microbial etiology in
suspected or radiographically confirmed pneumonia. It is
therefore hard to conceptuaize that prediction of
“radiographic pneumonia’ could somehow lead to reduction
inantibiotic usage, astheinvestigatorsclaimed [1].

How to interpret the yield of 22.2% radiographic
pneumoniaamong thosewithclinical LRTI, inthisstudy [1]?
On the one hand, this suggests that only a minority of
childrenwith (clinically suspected) pneumoniahave chest X-
ray findings, ashasbeen shownin previousstudiesalso. On
theother hand, most childrenwith LRTI (asper thedefinition
used in the study) probably did not have pneumonia. Inthis
context, the previous publication [2] provides some
additional valuable insights. The median (IQR) age of
children with radiographic pneu-monia was completely
different fromthosewithout radiographic pneumonia(8.1vs
2.8y), suggesting almost two different cohorts. Therefore, it
isnot surprising that someclinical characteristicswereaso
quitedifferent. For example, rhinorrheawasmorefrequentin
those without radiographic pneumonia, whereas chest pain
was more common in those with radiographic pneumonia.
Interes-tingly, chest retractionswere observed moreoftenin
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those without radiographic pneumonia. Rhonchi and
wheeze were auscultable more often in those without
radiographic pneumonia, athough the distinction between
the two was not specified. It is aso possible to argue that
22.2% may be an over-estimate asthe cohort included only
those children with LRTI, who underwent chest X-ray. In
other words, there may have been children where the
clinicians decided against an X-ray despite the clinical
criteriafor LRTI. Theradiographic yield would be lower if
such children also underwent X-ray.

Conclusion

Thereisnosinglemathematica model toreliably predict the
presence or absence of radiographic pneumoniain children
with pneumonia suspected on clinical grounds. Given the
poor correlation of radiographic pneumonia with bacterial
etiology (which could have reduced empiric antibiotic
usage), thereisno pressing reasonto strivefor thiseither.
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Pediatric Emergency Physician’s Viewpoint

Ramgopal and colleagues|[ 1] describeasophisticated study
tovaidatethe prediction model sfor radiographic pneumonia
in achild in the emergency department (ED). Centers for
Disease Control (CDC) definespneumoniaas* aninfection
of thelungsthat can cause mild to severeillnessin people of
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all ages’ [1]. TheWorld Health Organi zation (WHO) defines
pneumoniaas, “In children under fiveyearsof age, who have
cough and/or difficult breathing, with or without fever,
pneumonia is diagnosed by the presence of either fast
breathing or lower chest wall indrawing where their chest
moves in or retracts during inhaation” [2]. Although, the
diagnosis of pneumonia is clinical and the Infectious
Disease Society of America(IDSA) doesnot recommend the
routine use of a chest radiograph, a chest radiograph is
frequently obtainedin primary careand ED settings[4]. This
study attemptsto answer animportant clinical question, can
a prediction rule assist in predicting the presence of
radiographic pneumonia?

Anideal clinica predictionrulerequiresinternally and
externally validated for its use across different popu-
lations after initial computation. This study is one of the
first studies attempting external validation of previously
published models for radiographic pneumonia. The
following studies, Mahabee-Gittens, Neuman, andf
Lipsett, were conducted in the United States, and thusthe
model attempts to validate samples from different
hospital swithin the same country [5-7]. At the sametime,
the cohort from Lynch, et a. (Canadian ED) [8] and
QOostenbrink, et al. [9] (European ED) representsasample
from different countries. Theinclusion, exclusion criteria,
and outcome measures are well defined and can be
extended to any clinical setting.

The study results are reported as the area under the
receiver operating curve (AUROC) in how the various
models perform [1]. The ROC curve is a plot of test
sengitivity along the y-axis versus false positive results
along the x-axis [10]. AUC, interpreted as the average
sengitivity value for all possible specificity values, is a
measure of the overall performance of a diagnostic test.
Based on the results, the model of Neuman [6] exhibited
the highest AUROC (0.79, 95% Cl 0.75-0.82), followed by
Lipsett [7] (0.76, 95% CI 0.73-0.80). In the Oostenbrink
model [9], among the432 CARPE DIEM patientswith CRP
data available, the AUROC of originaly published
coefficientswas 0.55 (95% Cl 0.49-0.60), whichimproved
t00.75 (95% CI 0.70-0.80) when using coefficientsderived
fromthe CARPE DIEM dataset.

Extension of the study resultsin theclinical settingis
challenging for the following reasons. a) There is
significant variability amongst the models regarding the
parameters used for derivation of the pneumonia
prediction rule; b) ROC works best when the data has a
binary distribution [10]; ¢) The pneumonia prediction
modelsfail to answer theclinical question of the probability
of radiographic pneumonia in the inter-mediate-risk
population; and d) The prediction rules have been
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computed in developed countries, limiting its application
in developing and resource-limited settings, where the
etiology of pneumoniawould also differ.

In summary, this study makes a significant effort
toward validating the radiographic pneumoniaprediction
rule. Although the Neuman model [6] performed well, its
practical application is limited due to the multiple data
points that are required. The application of the Lipsett
model [7] is more redlistic in the clinical setting.
Oostenbrink model [9] also performed well; however, the
requirement of alaboratory parameter, C-reactiveprotein,
limits its application in the clinical setting. The study
reinforcesthat routine chest radiographisnot indicated in
well-appearing patientswithout fever, hypoxia, and focal
auscultatory findings. This can undoubtedly limit
unnecessary radiation exposure and antibiotic use.
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Pediatrician’s Viewpoint

Over theworld, achild diesof pneumoniaevery 43 seconds
[1]. Most of these deaths are preventable with timely
diagnosi sand appropriate management. Cliniciansmostly
rely on fever, fast breathing, lower chest indrawing and
danger signs to classify and treat pneumonia with
antibiotics [2]. Similar clinical picture may be seen in
children with acute bronchiolitis and viral pneumonias;
antibiotics are given, but do not work in these scenarios.
Upper respiratory infectionsaremostly viral inorigin, but
they also often land up with prescriptionsfor chest X-rays
and antibiotics. On the contrary, some cases of pneumonia
may be missed dueto atypical presentations. Diagnosis of
pneumoniaand itsetiology ischallenging to theclinician.
The outcome considered in this study is radiological
pneumonia; clinicians see pneumonias without much
radiological featuresaswell.

Theclinicianwill surely benefit from prediction models
that diagnose pneumonias accurately. Once a prediction
model is developed from a data set, it is strongly
recommended to eval uate the performance of the sameon
another data set; this process called external validationis
crucial for itsfurther use among clinicians[3]. The study
has externally validated and compared five prediction
models for the clinician to decide upon further use.
Prediction model equationsaredifficult for bedsideclinical
use. Cliniciansaremore comfortablewith prediction scores
that include simpleclinical and laboratory variables.

As the authors have rightly pointed out, these
prediction models may reduce prescriptions of chest X-
rays and antibiotics. This external validation study has
opened up scope for updating these prediction models.
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Anti-SARS-CoV-2 Seropositivity Among
Children With Newly Diagnosed Typel
DiabetesMéllitus: A Case-Control Sudy

A sudden increase in the number of children with newly diag-
nosed type 1 diabetes mellitus (T1DM) was experienced during
the third wave of COVID-19 epidemic in Hungary. The newly di-
agnosed T1DM patients had a significantly higher rate of anti-
SARS-CoV-2 positivity as compared to prevalent TLDM children
[OR (95% CI) 3.74 (1,08,13.55); P=0.04]. The relationship be-
tween SARS-CoV-2 infection and diabetes needs to be investi-
gated further.

Keywords: COVID-19, Pancreas, Outcome, Sequelae.
Published online: August 26, 2022; PIl: S097475591600450

Recent reports suggest that increased incidence of type 1 diabetes
mellitus (T1IDM) may be a consequence of the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) [1,2].
Coronavirus disease 2019 (COVID-19) is primarily characteri-
zed by respiratory symptoms, but other organs expressing the
angiotensin-converting enzyme 2 (ACE-2) receptor of the vira
spike protein may also be affected [3]. Ex vivo and postmortem
studies indicate that SARS-CoV-2 can cause pancreatic dys
function[4]. Centersfor Disease Control and Prevention reported
amuch higher incidence of diabetes (type 1 and type 2) among
children with history of COVID-19, than those who did not
contract the disease [2]. Our clinical experience showed that the
number of newly diagnosed T1DM patientsincreased remarkably
during the spring of 2021. In the previousdecades, theincidence of
childhood T1DM rose significantly in Hungary; however, in
recent years, the annual incidence remained stable, around 22/
100,000 children/year [5]. Based on emerging evidenceregarding
this aspect, we hypothesized that COVID-19 might have been
responsible for the risein new T1DM during this period. So we
began systematic testing of new cases of T1IDM for the presence
of anti-SARS-CoV-2 spike antibody tolook for any association.

All children (aged 0-18 years) hospitalized between 1 March,
and 15 June, 2021, with new onset TIDM were evaluated for
antibody against SARS-CoV-2 spike protein at the time of
admission or within three months after discharge.
Electrochemiluminescence immunoassay was used for anti-
SARS-CoV-2 serology test (Elecsys, Roche) and was considered
to be postive above 0.8 w/mL. Non-vaccinated, otherwise
hedlthy, known T1DM children of the same Diabetes unit coming
for regular checkup during June-July, 2021, were taken as
controls. We excluded vaccinated children from both groups to
avoid misinterpretation of serology results. The study was
performed in accordance with the ethica standards of the
Ingtitutional Review Board and with the Declaration of Helsinki.

Statistical analysis was conducted using GraphPad Prism,
Version 8.0.1. We compared anti-SARS-CoV-2 positivity bet-
ween newly diagnosed T1DM patients and prevaent T1IDM
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children by calculating oddsratios. Theleve of significance was
takenat aP valueof 0.05.

A total of 26 new T1DM patients (16 males) with mean (SD)
age of 8.53 (5.02) years and 22 controls were enrolled during the
study period. In the same period of the last pre-pandemic year
(2019), there were 12 new patients, and an average of 17 new
patients per year, during the previous five years (2015-2019). All
newly diagnosed T1DM children had at least one diabetes
autoantibody.

Anti-SARS-CoV-2 test wasestimated in 21 new patients, and
11 (52.4%) showed positive results. Among the control group,
22.7% (n=5) had serological evidence of previous COVID-19.
Thus, the newly diagnosed T1DM patients had a significantly
higher rate of anti-SARS-CoV-2 podtivity as compared to
prevalent TIDM children [OR (95% Cl) 3.74 (1.08, 13.55);
P=0.04]. None of the new T1DM patients with a postive
serology had known anamnesis for COVID-19 as per their
parents. Of the 26 newly diagnosed T1DM patients, tested for
rapid antigen and/or polymerase chain reaction (PCR) at
admission, two children had a positive PCR test, one having
negative 1gG serology for COVID-19, the other did not have a
serologica test. Various characteristics of the two groups are
showninTablel.

Our results indicate that the incidence of childhood auto-
immune T1DM increased during the third wave of the COVI1D-19
epidemicwith morethan half (52%) of thetested children havinga
previous coronavirus infection as proven by a positive anti-
SARS-CoV-2 serological test. Our findingsarein contrast withthe
results of two studies demonstrating no increase of SARS-CoV-2
seropositivity among newly diagnosed diabetic children [6,7].
However, these studieswere conducted during thefirst year of the
pandemic, whileweexamined our children during thethird wavein

Hungary.

The proposed theories for association of SARS-CoV-2 and
TIDM include the novel coronavirus can induce or accelerate an
autoimmune process, the infection could be the last step in an
already ongoing progression, which leads to the clinical presen-
tation of T1IDM, and SARS-CoV-2iscapableof directly inducing
T1DM by the destruction of beta cells. All of our patients had at
least one positive autoantibody, indicating no direct beta cell
cytopathy. Therefore, based on our results, we hypothesize that
SARS-CoV-2 either can accelerate the autoimmune process or it
may bethelast step which convertslatent to manifest TIDM.

A small sample size and a relatively short study period are
limitations of our study. The long term epidemiology of T1IDM
may beaffected by different phasesof the COVID-19 pandemic.

In summary, our results suggest that during the third wave of
COVID-19, a higher proportion of newly diagnosed T1DM
children showed serologically confirmed evidence of previous
SARS-CoV-2 infections, compared to prevalent cases of TIDM.
Further studies and global registries [8] with long follow-ups are
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Tablel Clinical Characteristics of Children With Newly Diagnosed and Previously Known Type 1 Diabetes Mellitus

Characteristics Newly diagnosed Childrenwith pre- Pvalue
children (n=21) existing disease (n=22)
SARS-CoV-2 seropositivity 11(52.4) 5(22.7) 0.04
Age(y)? 8.84(4.63) 10.39(3.46) 0.22
SARS-CoV-2 +ve 9.40(3.74) 9.92(1.70)
SARS-CoV-2-ve 8.07(5.51) 10.53(3.86)
Male: Female 11(52.4):10(47.6) 12 (54.55) : 10(45.45) 0.89
SARS-CoV-2+ve 3.8 39
SARS-CoV-2-ve 8:2¢ 2:8
Insulin requirement (unit/kg)aP
SARS-CoV-2 +ve 0.56 (0.20) - -
SARS-CoV-2-ve 0.43(0.18) - -

Data presented as frequency (%) or 2mean (SD). P3 months after TIDM diagnosis. °P=0.03. SARS-CoV-2: Severe acute respiratory syndrome

coronavirus 2; +ve seropositive, —ve seronegative.

needed to clarify the controversies regarding the correlation of
COVID-19 and T1DM.

Ethics clearance: This research study was conducted
retrospectively from data obtained for clinical purposes. We
consulted extensively withthelngtitutional Review Board (IRB) of
the 1st Department of Pediatrics, Semmelweis University who
determined that our study did not need ethical approval . Our study
has been performed in accordance with the ethical standardslaid
downin an appropriate version of the Declaration of Helsinki.
Contributors: VH: conceptualized and designed the study,
analysed and interpreted the results, wrote the manuscript and
reviewed and revised the fina manuscript; AL,NT,GC:
conceptualize and design the study, collected data, interpreted the
results, helped draft the initial manuscript; PTH: conceptualized
and designed the study, supervised theinvestigation, analyzed and
interpreted theresults, wrotethe manuscript, reviewed and revised
the final manuscript and critically reviewed the manuscript for
important intellectua content. He should be approached for raw
data. All authors approved the final manuscript as submitted and
agreeto beaccountablefor all aspectsof thework.
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Congenital Glucose-Galactose
Malabsor ption in aChild

Congenital glucose-galactose malabsorption (cCGGM) is arare
autosomal recessive disorder [1] resulting from defective
transport of glucose and galactose across intestinal epithelium
dueto mutationsof SLC5A1 geneencoding theintestinal sodium-
dependent glucosetransporter (SGLT1). It presentsin newborns
with severe osmotic diarrhea, hypernatremic dehydration,
medullary nephrocalcinosis and distal renal tubular acidosis. If
treated early with elimination of oral glucose and galactose
containing diet, patientsrecover and develop normally [2, 3]- We
report anovel mutation of S .C5A1 genein achild with cGGM
for thefirst timefrom India.

A 6-month-old boy, product of 3" degree consanguineous
marriage with birth weight of 2.8kg presented with history of
recurrent episodes of explosive watery diarrhea with perianal
excoriation from 1st week of life. Repeated episodesof diarrhea
with severe dehydration would warrant frequent hospitali-
zations. There was no history of blood or mucous with stools,
vomiting, abdominal distension, rash or fever. Baby was exclu-
sively breastfed for first 6 weeks. Thereafter, in view of persis-
tent diarrheabreastfeeding was stopped and child was given soy
milk formula

On examination, child was severely dehydrated and
mal nourished [weight 3.1 kg (<-3SD), length 55cm (<-3SD) and
weight for length <-3SD as per WHO charts], with glossitisand
cheilitis. Polyuria was present (6.5 mL/kg/h) despite
dehydration. Blood investigations showed severe metabolic
acidosis (pH 7.04, HCO3 7.8 mEg/L, anion gap 10), severe
hypokalemia (1.4 mEg/L), hypernatremia (155 mEg/L), with
anemia(hemoglobin 6.8 g/dL). Total leucocyte count (10.8x10%/
uL), platel et count: (280x103/uL ) and serum creatinine (0.2 mg/
d) were norma. There was no clinica evidence of fat
malabsorption. There was laboratory evidence of protein gut
losses evidenced by hypoproteinemia (4.7 g/dL) and
hypoabuminemia (2.6 g¢/dL). Child was stabilized with
intravenous fluids and potassium supplementation. Stool pH
was 5 and was positive for reducing substances depicting
osmotic diarrhea.  During hospitalization, diarrhea would
improve with fasting and worsen with introduction of WHO
ORS. Therefore soy feeds were stopped and child started on
amino acid formulation (Neocate; Nutricia) but had no
improvement. Baselineworkup for immunodeficiency disorders
were unremarkable. Computerized tomography (CT)
enterography showed normal bowel and pancreas. However, CT
showed bilateral medullary nephrocal cinosis. Esophagogastro-
duodenoscopy was done with neonatal endoscope for obtaining
biopsies from second part of duodenum as a work up for
intractablediarrhea, whichwereboth normal. Inview of repeated
episodes of severe dehydration requiring repeated hospitali-
zations high-lighted the possibility of osmotic with acomponent
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of secretary diarrhea. Normal anion gap metabolic acidoss,
hypokalemiaand bilateral nephrocal cinosis suggested possibility
of distal renal tubular acidosis(RTA).

In view of early neonatal onset diarrheathat would worsen
with ORS, acidic stool with stool positivefor reducing substance
(glucose), evidence of medullary nephrocal cinosisand distal RTA
adiagnosis of cGGM was considered. Empirically glucose and
galactose free diet was started. Since, there is no commercial
formula specific to this disorder available in India, a carbo-
hydrate-free formula designed for carbohydrate metabolic dis-
order (Metanutrition CMD by Pristine organics, India) was
supplemented with fructose powder. Three grams of carbo-
hydrate-freeformulaand 6g of fructose were mixed in 50 mL of
water and the mixturewasfed orally every 3 hours. The volume
of theformulawastailored according to theweight. Child showed
dramatic responsewith cessation of loose stools. Clinical exome
sequencing of the child showed novel homozygous missense
variation in exon 13 of the SLC5A1 gene (c.1601T>C; p.
Pheb34Ser; ENST00000266088.4) classified as variant of
uncertain significanceasper ACMG guidelines[4]. Mutationwas
further confirmed by Sanger sequencing, confirming thediagnosis
of cGGM. The human genome reference assembly used in this
analysis was GRCh37/hgl9. This variant has not been
previoudly reported in the genome databases 1000 genomes,
gnom-AD, Genome Asia 100k and dbSNP and described to be
damaging by in-silico analysis. Parents were found to be
heterozygous carriersof the samemutation and have been advised
prenatal testing for future pregnancies.

After 3 months of exclusive formula feeding, child was
supplemented with fruits (apple, mango, and banana), vegetables
(beans, carrot) and pulses (green gram) in a graded manner. On
follow-up, the child isasymptomatic and continuesto have good
weight gain (12 kg, 50th percentile) at 21 monthsof age.

Intractable diarrhea of early neonatal onset can be due to
congenital enteropathies and structural gut abnormalities (mal-
rotation, congenital short -gut) [5]. Structural abnormalitieswere
ruled out with CT enterography, while normal villous/crypt
architecture on histology excluded microvillusinclusion disease
and other disorders of epithelial trafficking and polarity. Asthe
diarrheapersisted even after lactose exclusion, congenital lactase
deficiency wasruled out. Intheabsence of clinical steatorrhea,
congenital bileacid synthesisdefect and pancrestic insufficiency
wereunlikely.

Treating these rare diseases is challenging in resource poor
settings. However, trial of combination of two different prepa-
rations was found to be affordable and effective. A previous
literature review on cGGM reported 61 out of 107 cases from
MiddleEast countries[1], and this isthefirst casereported from
India

We concludethat diagnosis of such arare disease of cGGM
ispossiblewith appropriate clinical and investigative approach.
Dietary modificationsresultsin good outcome.
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Delayed Riseof Serum Thyroid
SimulatingHormonein a
Micro-preemie With Congenital
Hypothyroidism

Preterm neonates are at higher risk for deranged thyroid function
test (TFT). Repested thyroid screening testsby measuring thyroid
stimulating hormone (TSH) and free thyroxine (FT4) levels are
recommended in preterm and very low birth weight (VLBW)
neonates[1]. Delayed TSH elevation, either aloneor in association
with low thyroxinelevel aremorecommonin pretermsascompared
to term babies. We managed a preterm micro-preemie with
congenital hypothyroidism (CH) diagnosed at 10 weeksof age.

A third order preterm (28+4 weeks) girl with birth weight of
630 g (IUGR), was delivered by caesarean section for abnormal
doppler with feta distress. Product of non-consanguineous
marriage, was a spontaneous conception with antenata history of
two previous first trimester abortions and no drug or radiation
exposure. Mother was diagnosed with hypothyroidism during
second trimester, remained euthyroid on oral thyroxine 25 pg/day.
Anticipating preterm delivery, antenatal steroidsweregiven. Baby
was limp at birth requiring intubation in delivery room with
APGAR4/10and 5/10at 1 min. and 5min, respectively. Baby had
respiratory distress syndrome (RDS), sepsiswith shock (received
dopamineinfusionfor initial 3 postnatal days), hemo-dynamicaly
significant PDA, neonatal jaundice and was managed
conservatively asper NICU protocol. Screening crania ultra-sound
revealed Grade| intraventricular hemorrhage. Baby wasweaned off
to nasal CPAPon day 13 andtoroom air onday 37 of life. Trophic
feeding was started on day 2 along with total parenteral nutrition
(TPN), on increasing feeds baby devel oped feed intolerance with
NEC like features on day 6 and therefore, was continued on TPN
only. Feeding wasrestarted on day 13, gradually increased toreach
full feeds (120 mL/kg/day) by day 20. Baby received four unitsof
packed red blood cell (PRBC) transfusions during hospital stay.
Pale stool with high coloured urine and yellowish discol oration of
body was noticed in third week of life and liver function test
suggested neonatal cholestasis. Sepsis evaluation including urine
culture, metabolic screening, TFT, TORCH profile, urine CMV
PCR and eye examinationweredonefor cholestasiseva uation. She
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was managed conservatively for TPN induced cholestasis and it
improved gradually over next tenweeks. Shehad fully vascul arized
retina and normal cranial ultrasound at 40 weeks corrected
gestational age (CGA). Initial thyroid profile on day 5 of life
showed FT4-1.1ng/dL, TSH - 4.6 plU/mL; onday 27 FT4- 1.6ng/
dL, TSH 9.58 ulU/mL andonday 48 FT4-1.2ng/dL, TSH - 14.8
pIU/mL. Consideringrising trend of TSH and multiple prematurity
relatedillness, repeat TFT wasdoneat 10 weeksshowing FT4-0.2
ng/dL and TSH >100 plU/mL. Neck ultrasound showed normal
sized thyroid gland with isthmus and X ray bilateral knee had
presence of femoral and tibial epiphyses. A diagnosis of atypical
CH was made at 2 months CGA and baby was started with oral
levothyroxine at 15 pg/kg and dose adjusted as per seria TFT [2].
Currently baby weighs 7.75 kg at corrected age of 9 months, in
euthyroid stateonlevothyroxineat adose of 16 pg/day and planned
to befollowed up every threemonthly till threeyearsof age.

The thyroid profile on day 5 of our baby was not absolutely
norma (low FT4 and normal TSH), which could be attributed to
sick euthyroid syndrome, prematurity or dopamine infusion.
Subsequent rising TSH with normal FT4 at 4 and 7 weeks is
suggestive of either improvement from sick euthyroid syndromeor
progressive maturity of hypothalamic pituitary adrenal (HPA)
axis. In sick euthyroid syndrome, neonates may have lower T3/
FT3, norma or low T4/FT4with normal TSH during stress(RDS,
IUGR) and usudly manifest with rising trends of TSH during
recovery [3]. Few ELBW neonates develop hypothy-roxinemia
with delayed TSH rise during recovery from sick euthyroid
syndromelabelled asatypical CH [4]. Thisshould bedistinguished
from delayed rise of TSH, which warrants starting lower dose of
levothyroxine (8ug/kg/day). The dose of levothy-roxine
supplementation for maintenance of normal TFT with advancing
age may helpto differentiatetransent CH from permanent CH. In
this neonate as need of levothyroxine doseis declining with ageit
might be a case of transent CH. So brief trid of stoppage of
medi cation may be considered after 3yearsof age.

Theincidenceof delayed TSH elevationisinversely related to
gedtationd ageand birth welght; neonatesborn at gestationa age23-
24 weeksor birthweight <800 gmareat higher risk [5]. Inacohort
of preterm neonates caesarean section, mechanical ventilation,
PDA, pneumothorax, PRBC transfusion and some specific
medi cations (antibiotics, dopamine, postnatal steroids) foundtobe
risk factors of delayed TSH elevation [6]. Therefore, this case
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report recommends seria repetition of TFT in ELBW neonates,
particularly those having initid stormy course during
hospitalisation.
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Adenomyomatosisof Gallbladder ina
Neonate

Adenomyomatosis of gallbladder is defined as hypertrophy of
gdlbladder mucosa epithelium that invaginate into thickened
muscularispropria, leading to formation of intramurd diverti-cula
It is mainly seen in adults and the incidences increases with
increasing age, asmost of thedocumented casesareabove 50 years
of age, and many were detected in cholecystectomy specimens.
Adenomyomatosis of gallbladder is very rare in the paediatric
population. We herein report a case of adenomyo-matosis of
gdlbladder inanewborninfant.

A term infant was delivered to a primigravida mother at 37
weeks of gestation at our hospital. Post-natal transition of the
baby was smooth. We noted that one of the antenatal ultrasono-
graphic scan of themother was suggestive of umbilical varicesin
thefetus. To detect any associated abnormality inthe neonate due
totheumbilical arices, apostnatal ultrasound wasdone. Thescan
showed a partidly distended gallbladder with diffuse wall
thickening and multipletiny echogenic foci in anterior and poste-
rior wallsinvolving entire gal|bladder showing comet tail artefacts
(Fig.1). The imaging findings were consistent with the adeno-
myomatosis of gallbladder. The baby continued to dowell clini-
cally and discharged with the adviceto repeat the abdominal USG
later.

The exact pathophysiology of adenomyomatosis of gall-
bladder isnot clearly known. Onetheory suggeststhat changein
intra-cystic pressure because of disruption of gallbladder func-
tion may lead to proliferation of cellsin the gallbladder mucosa
and hyperplasiaof themusclelayer. Theepithelial layer canthen
invaginate into the muscular layer, leading to the formation of
Rokitensky Ashoff Sinuses (RAS) [1]. Thisisalso seen on histo-
pathol ogy, which generally shows hyperplasiaof the epithelium
and mucosal out pouching through themuscular layer [2].
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Fig. 1 Ultrasonography of abdomen showing adenomyomatosis
of gall bladder.

Most of the cases in adults were diagnosed when they
developed cholelithiasis or any other gall bladder condition.
Although, thereare somereports suggesting an association between
adenomyomatosis and gallbladder cancer, there is no concrete
evidenceto provethisassociation[3].

A review of theliterature showed only ninereported cases of
paediatric gallbladder adenomyomeatosis, with agesrangingfrom1
day to 14 years. The most common symptom was abdominal pain,
which was seen in 7 of the patients. Cholecystectomy was
performed in seven paediatric cases [4]. One patient was a 1-day
old newborn baby with suspected heterotaxy syndrome and
complete atrioventricular canal. Patients generally did not have
other significant comorbid conditions[5].

In children, adenomyomatosis of gall bladder remains an
incidentd finding on USG scanfor someother reason asthereareno
specific clinical symptoms. Computed tomography and magnetic
resonance imaging have also been used in the diagnosis of this
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condition [1]. Usually, no treatment is recommended.
cholecystectomy isrequired in patient who are symptomatic with
right upper quadrant pain.
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Thiamine-ResponsiveAcute Pulmonary
Hypertension in an Exclusively Breastfed
I nfant

Thiamine deficiency presenting as acute severe pulmonary
hypertension (PAH) in exclusively breastfed babies has been
reported from various parts of India recently [1-3]. Here we
report a male infant who presented with acute pulmonary
hypertension and responded to thiamine.

A 4-month-old maleinfant, first born to non-consanguineous
parents, belonging to the Chetty community from Mysuru
district of Karnatakawasreferred to our hospital inview of acute
onset of cough and respiratory distress. There was a history of
approximately ten recent deathsin their community in babies of
the same age group, one of them being this baby’s first cousin.
Most of them presented with bronchialitis like symptoms,
rapidly progressing to acute respiratory distress syndrome
(ARDS). This baby was referred to our hospital with the
possihility of inborn errors of metabolism.

Baby was delivered at term, was on exclusive breast feeds,
thriving well (birth weight 3 kg, present weight 6.5 kg) and had
normal development. At presentation, the baby had tachypnea,
tachycardia, hypoxia (SpO2 92% in room air) and respiratory
distress. Liver was palpable 3 cm below costal margin. Second
heart sound was loud and wide split. There was hypotonia and
deep tendon reflexeswere absent. The arterial blood gas showed
mixed disorder with metabolic acidosisand respiratory akalosis.
Tandem mass spectroscopy was normal. Electrocardiogram
showed evidence of right atrial (RA) dilatation and right
ventricular  (RV) hypertrophy (RVH). Echocardiography
showed features of severe PAH (RA, RV dilated, moderate
tricuspid regurgitation, inter-atrial septum bulging into left
atrium) without any evidence of structural heart disease. Contrast
enhanced computed tomography (CECT) of lung showed
pulmonary plethorawith features of PAH without any intrinsic
pulmonary pathology.

A detailed dietary history revealed that mother’sdiet mainly
consisted of polished white rice and Rasam (a sour soup made
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withtomato and lentil). Therewastraditional avoidance of other
foods like pulses, vegetables, and non-vegetarian foods during
postpartum period. Considering the probability of thiamine
deficiency, thiaminewas started in adose of 10 mg/kg, orally. The
baby showed clinical improvement, could beweaned off oxygen
by 12 hours, and respiratory distress subsided by 48 hours. A
repeat echocardiography a 48 hours showed marked
improvement with only mild PAH, and subsequently showed
complete resolution of PAH a 96 hours. No pulmonary
vasodilators other than oxygen weregiven.

Thewholeblood thiaminelevel estimated by HPL C of both
baby and mother were low (25 pgm/L and 27.25 pgnL,
respectively, normal range being 28 to 85 pgm/L). Therewasno
history of aphonia, encephalopathy, seizures, or oedema. Serum
25-hydroxy vitamin D3 level was normal. The history,
geographic background, clinical features, investigations, and
dramatic response to thiamine confirmed the diagnosis of
Thiamine responsive acute pulmonary hypertension of early
infancy (TRAPHEI). Family was counselled about the dietary
modification and both mother and baby were put on thiamine
supplementation at 2 mg/kg/day. A repeat echocardiography at
one month follow-up visit showed complete recovery. ECG
normalized by two months. Muscle tone and deep tendon
reflexes normalised after two months of thiamine therapy,
suggestive of coexistent neuropathic form of thiaminedeficiency.
Neuroimaging was not done, asthe baby had improved.

Thiamine has an important role in the metabolism of
carbohydrates and synthesis of nucleic acid, myelin, and
neurotransmitters. A regular dietary supply is must for
preventing deficiency because of high turnover rateand low body
storesof thiamine. Thiamine causes preferential injury totissues
with heavy metabolic turnover like neurons and cardiac
myocytes. The clinical spectrum of thiamine deficiency in
children can be acute cardiac form, aphonic form, pseudo
meningiticform or neuropathic form[4]. Thiaminedeficiency has
been documented in those consuming polished cerealsand with
other dietary restrictions. Infants are at highest risk dueto rapid
growth rate and high energy needs. In exclusively breastfed
babies of thiamine deficient mothers, thiamine levels rapidly
decline in the third month of life. Asin our case, culturaly
determined food restrictions during the postpartum period are
prevalentinvariouspartsof India[5].
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Thiamine deficiency has been identified as a cause of
reversible acute PAH attributed to block in glycolysisresultingin
ventricular dysfunction and lactic acidosis[1-3,6]. Inarelevant
geographical and cultural setting, it should be considered in all
previously normal babies presenting with acute respiratory
distress, tachycardia, and hepatomegaly. Whole blood thiamine
estimation isnot easily available and may not represent the body
thiamine status [4]. So, empirical administration of thiamineis
recommended in theseinfants. Resolution of PAH on thiamine
administration is considered as diagnostic. The clinical
presentation of this condition is acute, and in untreated cases,
fatality ishigh. Moreover, untreated long-term deficiency can
causeintellectual and motor disabilities[4]. For timely diagnosis
and treatment, a high index of suspicion among pediatriciansis
essential. Primary prevention through heal th education and social
reformsisal so needsto be addressed.
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» MD or PhD or equivalent degree in biomedical sciences, and must have established her/himself as a
researcher with minimum 15 years’ of research experience

» The maximum age limitis 55 years as on the date of application

[Detailed text of advertisement at www.inclentrust.org]

The interested applicants are required to email their application with a detailed CV highlighting the
research activities, publications, administrative experience along with letters from three referees to
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CORRESPONDENCE

Modified BG Prasad Socioeconomic
SatusScale: Updated for theYear 2022

Socioeconomic status (SES) can bedefined as* aposition attained
by anindividual within asystem of hierarchica socid structure[1].
The concept of socioeconomic status is being widely used in
medica sociology. Itisoneof thekey factorsthat haveaninfluence
onthehedth of anindividual and family, social security system, as
well as family health statistics [2]. Individual usually inherit the
socia statusfrom hisfamily, butin modern society it isdetermined
on the basis of occupation, income, type of housing and
neighbourhood, membership of the certain associations and
organizations, material posses-sions, etc. [3].

Tomeasurethe socioeconomic status, different scalesareused,
of which, BG Prasad scaleand Kuppuswamy scaleareused widely.
Whereas Kuppuswamy scale is applicable only for urban areas,
BG Prasad scale is applicable for both rural as well as urban
population [4, 5].

BG Prasad scale was firgt formulated in 1961, which was
modified later in 1968 and 1970 by the developer of the scale
himself [5,6]. The scaleisbased onthe per capitamonthly income
(per capita monthly income = total monthly family income/total
family members) and thereforeitisapplicabletoindividuas. The
benefit of using the scaleisthat, asit depends only on theincome
variable, therefore simple and easy to calculate. However, asthe
value of rupee changes due to inflation, incomeis required to be
updated from time to time to keep the scale relevant with time.
Therefore, it isvery important to continuously update theincome
categoriesof thescde.

Theincome categoriesof the scale can be updated considering
the Consumer Price Index (CPl), the widely used indicator of
inflation. Themost appropriate CPI for revision of socioeconomic
classificationsisCPI (industrial workers), whichislikely toreflect
theexpenditure of aworkingclassfamily.

TheBG Prasad scaledeve opedinitialy, considered the base of
CPI for 1960 as 100[5]. Therewasan amendment in the baseyear
by the Ministry of Labour in October, 2020 and the base year has
been changed from 2001 to 2016 by introducing alinking factor of

Table | Revised BG Prasad Socioeconomic Status

Classification, January, 2022

Socioeconomicclasses  Original classi- Revisionfor
fication (1961) of January, 20222
theper capitaincome

I (Upper) 100 and above 8220 and above

Il (Upper middie) 5099 4110-8219

111 (Middle) 3049 2465-4109

1V (Lower middle) 1529 1230-2464

V (Lower) <15 <1230

Values in INR/month. 2Rounded off to nearest 10/-.

2.88[7]. Considering the new base year as 2016, there have been
some updatesof thescaeintherecent past[8, 9], and an onlinetool
wasalso devel oped previously to updatethe scaleinreal time[10].
However, as this calculator considers the base year as 2001(the
older base year), the values given by the calculator are no longer
vdid.

To update the scale for 2022, we took the latest CPI (IW)
available from the website of Labour Bureau which is 125.1 for
January, 2022.

Multiplication factor = current CPI (125.1)/Baseindex valuein
2016 (100) =1.251.

The new income ranges can now be calculated using the
following equation:

New income value = Multiplication factor x Old income value x
4.63%4.93% 2.88. Where4.63,4.93, and 2.88 arethelinking factors
given by theLabour Bureau. Using the above equation, the updated
rangesfor thescalefor January, 2022 werecal culated, asshownin
Tablel.

To conclude, thereisaneed to periodically updatetheincome-
based soci oeconomic scal esdueto continuouschangesintheprice
of thegoodsand servicesasaconsequenceof inflation.

MbD. ABU BASHAR

Department of Community Medicineand Family Medicine,
AlIMS, Gorakhpur, Uttar Pradesh.
imback20006@yahoo.in

Published online: Sep.09, 2022; PIl S097475591600454.
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NEWS IN BRIEF

Recent Guidelines
bilirubinemia

to Manage Neonatal Hyper-

The American Academy of Pediatrics recently updated the
guidelinesto manage hyperbilirubinemiain newborns morethan
35 weeks of gestation. The last recommendation in 2004 was
followed by some modificationsin 2009. Onekey guideline had
been to suggest universal pre-discharge screening of al babiesby
total serum bilirubin (TSB) or transcutaneous bilirubin (TcB).
Newer evidence discovered since the last guideline has been
reviewed to devel op the new guidelinesin 2022.

Breast feeding jaundice which has been seen in babies on
inadequate feeds and excessive weight |oss, between 3-5 days
has been renamed “suboptimal intake hyperbilirubinemia’.
Pediatricians are advised to encourage breast feeding within the
first hour after birth and at least 8 timesin 24 hours. Hemolysis
must be suspected if TSB or TcB rises >0.3 mg/dL/hour in the
first 24 hours and >0.2 mg/dL/hor in next 24 hours. A DAT
(direct antibody test) is recommended if hemolysis is
suspected. End tidal CO measurement may also be useful to
identify hemolysis. Risk for neurotoxicity is increased if
gestational age is <38 weeks, serum albumin <3 gm/dL and in
presence of hemolysis, sepsis or clinical instability. All infants
should be visually assessed for jaundice every 12 hours till
discharge. Any newborn who is clinically jaundiced in the first
24 hours must undergo TSB or TcB. All newborns must have a
TcB or TSB between 24-48 hours after birth or pre discharge if
that is earlier. Breast fed babies who are till jaundiced at 3-4
weeks or formula fed babies who are jaundice beyond 2 weeks
must undergo testing for direct hyperbilirubinemia.

The phototherapy thresholds based on gestational age and
hour of life have been dlightly increased. Whenever possible
phototherapy must be provided in the mothers room. If TSB
reaches2 mg/dl below exchangetransfusion levels, escal ation of
care protocols must be instated. This includes intravenous
fluids, intensive phototherapy and 2 hourly TSB measure-
ments. IVIG 0.5-1 gm/kg may be given over 2 hours and
repeated after 12 hoursif DAT is positive. Bilirubin to albumin
ratio cut off’s for gestation may be used to decide need for
exchangetransmission. (Pediatrics. 2022;150: €2022058859).

Adopt a Child With Tuberculosis Campaign

Aninnovativeideain India sdriveto eliminatetuberculosis
is the Nikshay Mitra concept. As part of the TB Mukt Bharat
Abhiyan started in September, 2022, individuals as well as

organizations can adopt one or more patients with tuberculosis
and support them in various ways. This includes nutritional
support, additional investigations or vocational support. A
minimal commitment of one year is required, e.g., one may
provide a child with a food basket every month. In order to
become a Nikshay Mitra, a person has to visit the official
website of the scheme (https://communitysupport.nikshay.in/).
They then have to search for the state, district, block and
peripheral health institution to make a donation or adopt a TB
patient. The aim is to reduce the financial burden of patients
with tuberculosis, increase community support and reduce the
stigma of tuberculosis. Consent will be taken from patients
prior to enrolling themin the campaign. Theaimisto makeIndia
tuberculosisfreeby 2025, about 5 yearsbeforethe global target.

Indiawitnessed a19% spikein patientswith tuberculosisin
2021 compared to 2020, and presently has the maximum
number of new cases in the world. It is hoped that public
participation will help in winning India's long standing battle
against tuberculosis. (Indian Express 19 September, 2022)

CAR-T Cell Therapy for SLE

Five patients with treatment resistant systemic lupus
erythematosus (SLE) were treated with CAR-T cell therapy
with favorable results. The core problem in SLE are auto-
antibodies against double stranded DNA and other nuclear
antigens, which trigger an immune complex mediated injury in
various organsincluding kidneys, heart, lungs and skin. Hence,
B cell depletion is an attractive approach to treatment of SLE.
Whilerituximab isone of the commonest B cell depleting agents
in use, it fails to completely eliminate all autoreactive B cells,
especidly those in lymphatic organs and inflamed tissues. In
CAR-T cell therapy, T-cells of the patients are genetically
modified to encode a receptor which binds to the target to be
eliminated. In this trial, autologous T cells from patients with
SLE were transduced with alentiviral anti-CD19 CAR vector,
expanded and re-infused. Thisresulted inadeep B cell depletion
and complete remission of all five patients. Even after
reappearance of B cells after amean of 110 days, there was no
recurrence of symptoms, suggesting that there had been a
complete reset of the immune system. CAR-T cell therapy is
promising to revolutionize medicine, especially in the field of
oncology and immunology. (Nature Medicine 15 September
2022)
GouRI RAO Pass|
gouripassi @gmail.com
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CLIPPINGS

Aerosolization of Mycaobacterium tuberculosis by tidal
breathing (Am J Respir Crit Care Med. 2022;206:206-
16)

Coughing is believed to be an important source of transmission
of Mycobacterium tuberculosis (Mth) among susceptible indi-
vidualsand house hold contacts. However, coughing alone might
not explain the disease transmission in asymptomatic patients
with pulmonary tubercul osis confirmed bacteriologically. Din-
kele and colleaguestried to look at the aerosolization of Mthin
38 patients with Gene-X pert positive tuberculosis (TB) during
three different maneuvers- tidal breathing, forced vital capacity
maneuver and coughing. The proportion of respiratory particles
of different sizesretrieved were similar in all three maneuvers,
however, the number of particles were higher during cough
maneuver compared to other maneuvers. In addition, the study
also found that the return of positive resultsfor Mth was similar
in all three maneuver. On modelling based on 24-hours breath
and cough frequencies, it was found that tidal breathing per se
could contribute to more than 90% of Mtb aerosols among
symptomatic patients with tuberculosis, and could possibly act
as an important contributor to TB transmission among active
cases. The results of this study have implications for case
detection among children in the household of asymptomatic TB
patients.

2022 ESC/ERS Guidelines for the diagnosis and
% treatment of pulmonary hypertension (Eur Respir J.
2022:2200879)

The following an excerpt from the recommendations for
management of paediatric pulmonary hypertension (PH) pro-
posed by ESC/ERS extrapolated from adult data. A full diag-
nostic workup including right heart catheterization (RHC) and
workup for specific age-appropriate etiology and acute vasodi-
lator testing are recommended to treat children with PH at
centreswith capability of managing pediatric PH (Class|, Level
C evidence). For confirming a diagnosis of PH, RHC is
recommended before starting PAH therapy (Class |, Level C
evidence). In children with idiopathic or hereditary pulmonary
arterial hypertension (PAH), acute vasoreactivity testing is
recommended to document magnitude of benefit that might
occur on starting calcium channel blockers (Class I, Level C
evidence). A positive response to vasoreactivity testing is
defined (for both children and adults) as reduction in mean
pulmonary arterial pressure (mPAP) >10 mm Hg to reach an
absolute value of MPAP<40 mm Hgwith either arisein cardiac
output or unchanged cardiac output (Class|, Level C evidence).
Screening for PH isrecommended for infants with bronchopul -
monary dysplasia (Class |, Level B evidence). In infants with
bronchopulmonary dysplasia, treatment of lung disease and
optimization of respiratory support is recommended before
initiating PAH therapy (Class|, Level B evidence).

Height and bone mineral content after inhaled
corticosteroid use in the first 6 years of life
(Thorax 2022; 77:745-51)

Long-term steroid therapy is known to affect height velocity
and bone mineral content (BMC). It is not known whether
inhaled corticosteroids (ICS) also do the same, especialy in
children in the first six years of life. In this study, the authors
had chosen two Danish “asthma in childhood” cohorts with
children up to 6 years of age who had been on inhaed
corticosteroid therapy and who have had a height and BMC
determined at 6 years of age. About athird of thechildreninthat
cohort had received a cumulative dose of ICS equivalent to or
more than 10 weeks of standard therapy. The study found an
inverserelationship between | CSuse and height per each year of
standard treatment (-0.26; 95% Cl -0.45t0-0.07) in children 0-6
years (P=0.006). This effect was mainly seen to be contributed
by a group of children with ongoing treatment at 5-6 years of
age. No significant association was found in those children who
had discontinued treatment for at |east one year before the age of
six. Similarly, no association was seen between ICS use and
BMC at age six. In conclusion it appears that ICS use in early
childhood and continued usage at age 5-6 years is associated
with decreased height at 6 years of age.

Effect of high-flow nasal cannula therapy vs

% continuous positive airway pressure therapy on
liberation from respiratory support in acutely ill
children admitted to pediatric critical care units
(JAMA.. 2022;328:162-72)

ThisRCT was conducted to answer aresearch question whether
in acutely ill children assessed to require non-invasive
respiratory support, is the use of high flow nasal cannula
(HFNC) therapy astheinitial therapy noninferior to the use of
continuous positive airway pressure (CPAP) therapy intimeto
become free of al forms of respiratory support. The
investigators randomized 600 acutely ill children from 24
pediatric intensive care units across the United Kingdom, who
were assessed to require non-invasive respiratory support, to
either receive HFNC or CPAP. The median time for liberation
from all forms of respiratory support, which was the primary
outcome of the study, was found to be 52.9 h in the HFNC
group and 47.9 h in the CPAP group with a one sided 97.5%
confidence limit for hazard ratio of 0.86 which fell within the
non-inferiority margin of 0.75, meaning that initial use of HFNC
in a critically ill child assessed to require non-invasive
respiratory support is non inferior to initial use of CPAR. The
study also assessed about seven secondary outcomes including
mortality at discharge from the intensive care unit, intubation
within 48 hours, need for sedation, mean duration of critical care
stay, mean duration of acute hospital stay. It was found that
need for sedation, mean duration of critical care unit stay, and
mean duration of acute hospital stay were significantly lower in
the HFNC group compared to the CPAP group.

VENKATESH CHANDRASEKARAN
cvenkatesh@hotmail.com
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IMAGE

Parameatal Urethral Cyst

A 10-year-old child presented with asoft globular swelling near
opening of glans penis, present since two years. It was
associated with mild dysuria, but without obstruction of stream
of urine. Examination showed solitary, well-defined, non-
tender, spherical cyst measuring 1x1cm, adjacent to meatal
opening (Fig. 1).

Parameatal urethral cystisrareclinical entity, first reported
by Thomson and Lantin in 1956. Usual diameter of these cysts
is 1 cm and it occurs on lateral or ventral margin of urethral
meatus. These cysts may present at birth or spontaneously in
early childhood. Exact etiology for the development of cystsis
not known; however, infections may be apossibletrigger. They
are usualy asymptomatic but few children may present with
dysuria, poor stream of urineor urinary retention.

Possible treatment options available are watchful waiting,
needle aspiration, marsupialization and complete surgical
excision. For good cosmetic results and less recurrence,
complete surgical excision of thecystisbest option. Differential
diagnosisincludesfibro-epithelial cyst, pilo-sebaceous cyst and
epidermoid cyst.

(

Fig. 1 Translucent cyst measuring 1X 1cm on ventral aspect of
uretheral meatus.

SANTOSH RATHOD, SHEKHAR NEEMA*
Department of Dermatol ogy,

Armed ForcesMedical College,

Pune, Maharashtra.

* shekharadvait@gmail.com

BOOK REVIEW

Expanding Horizons of Nutrition
ELizaBETH K EEPEN

Published by:

NobleVision (Medial Book Publishers)
Dilshad Colony, Delhi.

Total Pages: 217; Price: 600/-.

Nutrition Science knowledge is an
important component of practicing
pediatrician. This informative book
‘Expanding Horizons of Nutrition’
contains ten sections. It provides concise updated information
on interactions between Nutrition and Immunity, Nutrition
Transition and Triple burden of Nutrition disorders, nutrition
needs ininfancy and adolescence, and Nutrition needs of

children actively participating in sports. The authors have
provided acommendable summary of nutrition issues pertinent
in today’s context, especialy about nutrition transition and
triple pandemic burden in the country. Adequate Nutrition
isessential for immunity and prevention of diseases. A unique
section ison eating disorders from infancy to adolescents. This
section providesexcellent information on recent advances.

This book is strongly recommended for practicing pedia-
tricians and also for under-graduate medical students.

UMESH KAPIL

Former Prof and Head

Human Nutrition Unit, AIIMS, Delhi;

Secretary, National Academy of Medical Sciences, India.
umeshkapil @gmail
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HOSPITALS
TOUCHING LIVES

An epic journey of 24 years. |
Saving lives, spreading smiles.

Apollo Hospitals will complete 24 years of successful
pediatric liver transplantation in India on 15" November.

In 1998, we performed India’s first successful liver transplant in a toddler, who has now
grown up to become a doctor and works at Apollo Hospitals. In 24 years, we have
touched the lives of many children from different parts of the country and the world.
Our continuous efforts have brought the procedure within the financial reach of many,
bringing joy to several families.

4027 Liver Transplants in Patients from 50 Countries, 482 in children

Dr Sanjay Kandasamy
India’s first successful pediatric
liver transplant patient

Pediatric Liver and Transplant 24X7 Helpline Number: +918448037222
Indraprastha Apollo Hospitals, Sarita Vihar, New Delhi- 110076 | Call: 011-71791090/91 | Email: infodelhi@apollohospitals.com

f ApolloHospitalsDelhi c‘:ﬁ apollohospitalsdelhi @ https://delhi.apollohospitals.com
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Absence of Right Diet
Shows Signals of GER

A%

In Paediatric GER and GERD

RANTAC

References © :
1. Zantac prescribing information,

2. www.openanesthesia.org/h2-blockers_onset_time.
3. Dx.doi.org/10.5056/jnm.2013.19.1.25.

4. J Am Soceity nephrol 27, 2016-
doi:10.1.1681/ASN 2015121377,

' ® Faster Onset and Sustainable

SYRUP

Ranitidine 75mg/5 ml

Happy tummies...Happy kids

® Recommended as First Line Therapy

by Nelson Text Book of Pediatrics'

® Established Safety from
One Month of Age™’

For the use of a Registered Medical Practitioner or a Hospital or a Laboratory only

Duration of Action’

GER-Gastroesophageal reflux
JB.CHEMICALS &  Cnergy IT Park, Unit A2, 3° Floor, Unit A, 8th Floor, Appa Saheb Marathe Marg

GERD: Gastro Esophageal Reflux Disease. PHARMACEUTICALS LTD. Prabhadevi, Mumbai - 400 025  » www.jbcpl.com
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The 7 advantages o#fhe

Temporal Artery Thermometer
(TAT-5000) ) %G
<8

1. Very accurate
2. User-friendly
3. Very fast

fficient _
5. Comfortable
6. No caps needed
7. Bn be cleaned wnt~h alcohoj_gloth

Changing the Way the World Takes Temperature

Clinical accuracy of * 0.1°F - Temperature range of 61-110°F - response time ~ 0.04 sec - LIFETIME warranty

More info on the Temporal Artery Thermometer

#1 thermometer used by pediatricians in the USA
Supported by 100 clinical studies
Exergen also has a professional light model: the TAT-2000

For more details you can contact:
Dr. Pushpa Goyal - Marketing Manager Exergen India | +91 98114 24550 | drpushpa@exergen.com

www.exergen.com
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