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Macrosomia and large for gestational age in Asia: One size
does not fit all

Louise Harvey' ®, Ruurd van Elburg® and Eline M. van der Beek®

INutricia Research, Danone Nutricia Research, Utrecht, The Netherlands
2Department of Pediatrics, Emma Children’s Hospital, Amsterdam University Medical Centers, Amsterdam, The Netherlands
Department of Pediatrics, University Medical Centre Groningen, Groningen, The Netherlands

Abstract

Macrosomia, usually defined as infant birth weight of >4000 g, does not consider gestational age, sex, or
country /region-specific differences in mean birth weight and maternal body weight. This issue is particu-
larly relevant for Asia, where 60% of the world’s population lives, due to variations in maternal size and
birth weights across populations. Large for gestational age (LGA), defined as birth weight > 90th centile,
is a more sensitive measure as it considers gestational age and sex, though it is dependent on the choice of
growth charts. We aimed to review reporting of macrosomia and LGA in Asia. We reviewed the literature
on prevalence and risk of macrosomia and LGA in Asia over the last 29 years. Prevalence of macrosomia
ranged from 0.5% (India) to 13.9% (China) while prevalence of LGA ranged from 4.3% (Korea) to 22.1%
(China), indicating substantial variation in prevalence within and between Asian countries. High pre-
pregnancy body mass index, excessive gestational weight gain, and impaired glucose tolerance conferred
risk of macrosomia/LGA. Incidence of macrosomia and LGA varies substantially within and between
Asian countries, as do the growth charts and definitions. The latter makes it impossible to make compari-
sons but suggests differences in intrauterine growth between populations. Reporting LGA, using stan-
dardized country/regional growth charts, would better capture the incidence of high birth weight and
allow for comparison and identification of contributing factors. Better understanding of local drivers of
excessive intrauterine growth could enable development of improved strategies for prevention and man-
agement of LGA.

Key words: Asia, large for gestational age, macrosomia, obesity, overweight.

Introduction

Macrosomia is arbitrarily defined as an infant birth
weight of either >4000 g, >4500 g, or >5000 g, and
even occasionally 3750 g. The weight cutoff varies
not only between countries but also within countries,
due to differences in medical and academic reporting,
and there is insufficient consistency in application to
allow for nuanced comparisons. A diagnosis of
macrosomia does not consider gestational age, sex, or
ethnicity. Large for gestational age (LGA), which is
calculated from an infant’s birth weight, gestational

age, and sex, may better reflect fetal growth. In addi-
tion, LGA may also take into account ethnicity,
depending on the population or growth charts used
to calculate growth centiles. LGA usually refers to an
infant born above the 90th/95th percentile for weight
at gestational age. These definitions help to identify
infants at risk for adverse outcomes, but the cutoffs
used, particularly for macrosomia in countries with
low average birth weights, have not been verified as
conferring risk for these outcomes. Ideally, the defini-
tion of LGA allows for identification of infants who
may have a higher risk for fast growth and excess
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adiposity development during childhood, increasing
the risk of later overweight and obesity."

Increases in average birth weight and rates of
macrosomia/LGA, as well as in the prevalence of
(childhood) obesity, have been reported in developed
countries.”” These increases coincided with increasing
prevalence of maternal overweight and obesity,
increased incidence of Type II diabetes, increasing
maternal age, and reductions in rates of maternal cig-
arette smoking.*> Recent data from the United States
suggest that rates of macrosomia have peaked and
are now stable; this may be related to improved edu-
cation to control net gestational weight gain, but also
to increased incidence of preterm birth, and increased
use of labor induction simply resulting in shorter
duration of gestation.>”

Less is known about the situation in developing
countries. Countries undergoing rapid economic
growth, such as China and India, face a dual burden
of malnutrition,® resulting in an increase of over-
weight/obesity in women of childbearing age, while
maternal undernutrition is still prevalent. Indeed,
over the last 20 years, reported rates of macrosomia in
China have been steadily increasing.”® Significant
variations in macrosomia prevalence between North-
ern and Southern China have been described,’ a
reminder of the heterogeneity of large populations,
particularly over environmentally diverse, large land
masses. There is some evidence to suggest that rates
of LGA in South East China have stabilized, and even
decreased.® Given that Asia accounts for ~60% of the
world’s population and is undergoing rapid economic
development, understanding the magnitude of the
issue and the relationship between reported
macrosomia and LGA incidence in this region is
essential for prevention and management strategies
and resource allocation.

There are many risk factors for macrosomia or LGA
at birth: high parity; maternal age, height, and weight;
post-term birth; male sex (risk factor for macrosomia
only); maternal overweight and obesity; excessive ges-
tational weight gain; pre-gestational diabetes; and
gestational diabetes mellitus (GDM).'*!! Understand-
ing the drivers of macrosomic/LGA births is impor-
tant as there are immediate and long-term risks for
adverse outcomes for mother and infant. Short term,
infants are at risk of perinatal asphyxia, birth trauma,
hypoglycemia, and perinatal death, while mothers are
at risk of Caesarean section, prolonged labor, hemor-
rhage, and perineal trauma.'''* Long-term effects for
infants include increased risk of overweight/obesity

during childhood' and developing type 1 or 2 diabe-
tes in later life."*'> Mothers of a macrosomic infant
have an increased risk of developing type 2 diabetes
post-pregnancy.'®

Much of the data on adverse outcomes are based
on Caucasian populations in the United States and
Europe. This is a concern, as there are country- and
region-specific influences on maternal and neonatal
characteristics, such as the nutritional environment,
which influence the development of macrosomia/
LGA. However, it is unclear whether risk factors
described in Western/Caucasian populations confer
the same magnitude of risk in Asian populations. For
instance, recent data suggest that maternal short stat-
ure in developing countries could be a unique
regional risk factor.'” The risk of adverse outcomes
may also differ due to ethnic backgrounds. The Born
in Bradford study suggests that women of South
Asian ethnicity have a lower threshold for glucose
intolerance than British women; once this threshold
has passed, the risk of an LGA birth for these women
increases by 75%.'® In addition, little is known about
the social and economic consequences  of
macrosomia/LGA births;, recent estimates suggest
average short term direct costs for neonatal complica-
tions of a macrosomic birth are ~$US 3800." Indirect
costs and long-term consequences have not yet been
estimated or modeled; indeed, in some Asian coun-
tries, the direct costs may still be unknown.

The primary aim of this review was to describe the
prevalence of macrosomia and LGA in Asia and eval-
uate possible heterogeneity in reporting. To this end,
we also aimed to determine: if there was a consistent
definition of macrosomia; if LGA was used widely
and appropriately (i.e., with appropriate/local growth
charts and, if so, if cutoffs were specified); if the prev-
alence of each measure had changed over time; and if
there were clear trends or country-specific changes for
Asia. Finally, we aimed to describe the risk factors for
macrosomia/LGA in Asia to understand which risk
factor/s is/are most important and whether these
might be different from what is known from data
from Western countries.

Methods

We conducted our search strategy, study selection,
and data extraction using a systematic and methodo-
logical approach to ensure we captured representative
literature from all countries. However, this review is
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not a systematic review as the heterogeneity of the
studies, particularly the diversity in guidelines used
to define LGA, meant that synthesis of data across
studies/countries was not possible.

Search strategy and article selection

We identified 23 countries in Asia; Bangladesh, Bhu-
tan, Cambodia, China, East Timor, Hong Kong, India,
Indonesia, Japan, Korea, Laos, Malaysia, Maldives,
Mongolia, Myanmar, Nepal, Pakistan, Philippines,
Singapore, Sri Lanka, Taiwan, Thailand, and Vietnam.
We searched PubMed on 16 February 2015 and 15 July
2019, using the following search string: (macrosomia
OR “LGA” OR “high birth weight”) AND
(Bangladesh OR Bhutan OR Cambodia OR China OR
East Timor OR India OR Indonesia OR Japan OR
Laos OR Malaysia OR Maldives OR Mongolia OR
Myanmar OR Nepal OR North Korea OR Pakistan
OR Philippines OR Singapore OR South Korea OR Sri
Lanka OR Taiwan OR Thailand OR Vietnam).

The original search resulted in 432 references;
33 duplicates were moved, leaving 399 articles. The
updated search resulted in 452 new references, of
which 69 were duplicates, leaving 383 articles.

Articles from both searches were scanned using a
two-stage process. Articles were initially scanned on
title and abstract using broadly defined inclusion
criteria:

¢ human studies;

e studies must include people of Asian ethnicity,
either living in Asia, or large Asian cohorts living
in other countries;

e the study must measure prevalence of macrosomia
or LGA;

e primarily large cohort studies but also include
mid-size studies (e.g., focused on GDM or obese
populations), which measure macrosomia/LGA;

* published between 1990 and date of search;

* written in English.

For the first search, screening on title/abstract elim-
inated 289, leaving 110 articles to be screened on full
text. For the updated search, screening on title/
abstract eliminated 253 articles, leaving 130 articles to
be screened on full text.

When reviewing the full text (LH), we narrowed
the inclusion criteria to the following requirements:

* study was conducted in one of the 23 identified
Asian countries;

Macrosomia and LGA in Asia

¢ study comprised >10000 participants for studies
based in China and >1000 participants for studies
based in other Asian countries;

¢ studies that included data analysis of sub-
populations based on risk factors were included,
but studies that focused solely on disease or at-risk
populations were excluded.

* studies that focused on pregnancies derived from
assisted reproductive technology were excluded.

Data extraction

Data were extracted by a single researcher (LH).
Where available, data extracted included: date of pub-
lication; time period of data collection; number of par-
ticipants; definition of macrosomia used; source of
centile/growth charts if LGA was assessed; overall/
general prevalence of macrosomia and/or LGA, defi-
nition or normal birth weight, overall/general preva-
lence of normal birth weight; and risk factors of
macrosomia/LGA identified by the authors. When an
article split the study population according to risk fac-
tors, such as pre-pregnancy body mass index (BMI),
gestational weight gain (GWG), or glucose intoler-
ance/GDM, the prevalence of macrosomia/LGA in
those sub-populations was extracted, along with any
calculated odds ratios (OR)/adjusted odds ratios
(@aOR) and, importantly, the criteria used to define the
populations.

Data analysis

We collated the data and compiled tables based on
our research questions. If prevalence of macrosomia
or LGA either overall or in specific sub-populations
was only recorded as x number of cases/y number of
participants, percentage prevalence was calculated as
(x/y * 100). In these cases, the calculated data are
always recorded as such when presented.

While we did not capture the specific growth charts
used to calculate LGA in our initial summary of prev-
alence (Tables 1 and 2), we noted during our analysis
that there was significant variation and sometime
ambiguity in the definitions. We report specific defini-
tions/growth chart references where specified in our
analysis of prevalence and risk factors (Tables 3(a),(b),
4, and 5.)

Results

Screening on full text resulted in a total of 96 included
articles. Two studies included data from multiple
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TABLE 1 Prevalence of macrosomia and large for gestational age in Asia (excluding China)

% LGA > 90th

Country Date of data collection n % Macrosomia > 4000 g  percentile  References
Bangladesh 2001-2004 910 10.9 Fall et al.*°/Margetts et al.*'
Cambodia 2007-2008 5462 2.3 Koyanagi et al'”
Hong Kong 1995-2005 29 303 8.7° Leung et al*
Hong Kong 1995-2009 80 953 3.4 Cheng et al*®
Hong Kong 2010-2016 61 807 5.4° Chaemsaithong et al**
India 2007-2008 23972 0.5 Koyanagi et al'”
India 2009-2010 1463 9.8 Balaji et al*®
India 1996-2010 35718 9.4 Jeyaseelan®®
India 2010-2012 7280 11.5° Aziz et al'™!
India 2011-2014 2728 124° Bhavadharini®
India 2013-2015 1459 6.6%° Bhavadharini®®
Indonesia 2001-2004 6177 9.7 Fall et al. *°/Margetts et al.>" °
Japan 1990-2013 11 306 6.4 Kabeya et al*
Japan 2001-2002 46 659 0.9 Takimoto etal®®
Japan 1997-2007 117 175 1.1 Yokomichi et al®!
Japan 2007-2009 117 680 0.9 Morikawa et al*>
Japan ND 53 650 8.5 Matsuda et al*®
Japan 2001-2012 7669 0.5° 6.2° Toma et al**
Japan 2013 97 157 0.8° 10.1° Enomoto et al*®
Japan 2012-2014 6364 0.8 9.7 Takata et al*®
Japan 2001-2015 5666 0.5° 8.8° Oawada et al®”
Japan 2011-2015 33 448 10.5/9.8°  Takagi et al*®
Japan 2005-2017 21 642 1.1° Shigemi et al*
Korea 2005-2010 2311 3.2° 8.2° Park et al*®
Korea 2000-2007 7843 9.6" Wie et al*!

Korea 2007 383 244 432 Cho et al*?
Korea 2007-2009 2311 8.3° Choi et al®
Korea 2007-2009 2789 3.9 43 Cho et al**
Korea 2010-2013 1700 976 3.06 Song et al*®
Korea 2007-2014 2269 051 3.71 Cho et al*®

Korea 2008-2016 38 049 3.7° Lee et al*’
Malaysia 1989 24 856 2.9 Boo*®

Malaysia 2010-2012 88 837 25 Ganeshan et al*
Nepal 2007-2008 8308 15 Koyanagi et al'”
Pakistan 1989-1993 6830 13.1 Ahkter et al*
Pakistan 1994-1996 6142 3.31 Najmi®*
Philippines 2007-2008 13 037 1.1 Koyanagi et al'”
Singapore ND 1247 f Aris et al*

Sri Lanka 2007-2008 9619 22 Koyanagi et al'”
Taiwan 2001 250 079 2.88 Weng et al>
Taiwan 2010 168 504 1.98 Weng et al>®
Taiwan 2001-2010 2123100 2.18° Weng et al®*
Taiwan 2009-2010 3056 2.3 7.8 Hung & Hsieh®®
Taiwan 2006-2013 11 486 1.0 Lu®

Taiwan 2011-2013 5194 1.0 Ho™”

Taiwan 2012-2013 3641 15 6.3 Hung & Hsieh™
Taiwan 2009-2014 9301 1.9° 8.8° Hung et al®®
Taiwan 2009-2015 12 064 1.8° 8.5" Hung et al®
Taiwan 2006-2013 1536 796 7.7 Sun et al®
Thailand 2007-2008 14 832 13 Koyanagi et al'”
Thailand 2009 3715 1.7° Saereeporncharenkul®’
Thailand 2011-2012 5200 6.6 Sunsaneevithayakul et al®®

(Continues)
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TABLE 1 Continued

Macrosomia and LGA in Asia

% LGA > 90th

Country Date of data collection n % Macrosomia > 4000 g  percentile  References
Thailand 20022012 21771 1450 Srichumchit et al®®
Vietnam 2007-2008 13 168 Koyanagi et al'”
Vietnam 2007-2008 2989 9.9 Ota et al*
Vietnam 2010-2011 2772 11.8 Hirst et al®
Vietham 2015-2016 1909 8.3° Nguyen et al®®

Abbreviations: LGA, large for gestational age; ND, not described.; “Fall et al’ (2009)*° was originally included in the review and reported
LGA prevalence but it was necessary to refer to the partner publication®' for information regarding the date of data collection.;
PCalculated from data in the article.; “Article uses the term macrosomia however defines this as infant birth weight above 90th percentile
(> 3.45 kg). No other definition or explanation was provided.; dArticle uses definition of macrosomia as >3.5 kg (due to alignment with
90th percentile for birth weight in India).; “Males/ females.; ‘General prevalence not described in paper, only in sub-divided populations.;
8Values are approximate as they were determined from graph in Supplementary Material. "Article refers to measure as “fetal macrosomia”
but definition given in Materials and Methods describes LGA; “defined as birth weight heavier than the 90th percentile for each gesta-

tional age.”

countries and/or multiple cohorts within countries”
while six studies (five in China and one in Taiwan)
included data from multiple time periods in the same
country.”553/5567,69

In Table 1, the prevalence of macrosomia (> 4000 g)
and LGA (>90th percentile) is described for 57 individ-
ual country-time period data points across 16 Asian
countries (Bangladesh,® Cambodia,'” Hong Kong,**>*
India,'”?>28111 Indonesia,?° ]apar1,29’39 Korea, 0
Malaysia,**** Nepal,'” Pakistan,”>>" Philippines,'”
Singapore,52 Sri Lanka,'” Taiwan,”*®° Thailand,'”®1~
63 and Vietnam.'7%*% In Table 2, the prevalence of
macrosomia (> 4000 g) and LGA (>90th percentile) is
described for 47 individual data points across
China.7/9-17/67-99,112,124

Of the 23 countries of interest, we found no studies
that matched our inclusion criteria for Bhutan, East
Timor, Laos, Maldives, Mongolia, and Myanmar.
Data represent prevalence between 1989 and 2017.
Though we originally wanted to capture data from
1990 to 2019, we did include a large 1989 study from
Malaysia*® as this was one of only two studies from
Malaysia that our search detected. We also included a
study with less than 1000 participants (n = 910) as it
was the only study on Bangladesh that was identi-
fied.*® Nearly 50% of the data on macrosomia/LGA
in Asia was generated from Chinese populations
(47/105 data points).

Two countries with prevalence of macrosomia over
10% were China and Pakistan (Tables 1 and 2). The
countries with the highest prevalence of LGA (> 10%)
were Bangladesh, China, India, Japan, Thailand, and
Vietnam (Tables 1 and 2).

The majority of studies (61%, 64/105) reported only
macrosomia, 18% (19/105) reported only LGA, and

21% (22/105) reported both macrosomia and LGA. In
20 of the 21 studies that reported both macrosomia
and LGA, consistently higher prevalences were
reported for LGA than for macrosomia; for example,
prevalence of macrosomia 6.6% and LGA 22.1% in
more than 14 000 infants China in 2012” and 0.8%
(macrosomia) and 10.1% (LGA) in over 97 000 infants
in Japan from 2013.%°

Prevalence of macrosomia and LGA in at risk
populations

Twenty-two studies assessed the prevalence of
macrosomia/LGA in overweight and obese women
and associated OR/aOR; 11 from Asia (excluding
China) (Table 3(a)), and 11 from China (Table 3(b)).
There were 13 different criteria used in the publica-
tions to classify pre-pregnancy or first visit BMI into
overweight and obesity (or other sub-groups), includ-
ing many modified versions of the World Health
Organization (WHO) criteria. This was also true for
the calculation of LGA using varying definitions or
“somewhat defined” criterium. Within the last
12 years, in Asia (excluding China) the prevalence of
infants with macrosomia from obese women was rela-
tively low (under 5%), while the prevalence of LGA
infants from obese women ranged from 2.25% in Viet-
nam in 2007-2008°* to 22.6% in Japan in 2013%
(Table 3(a)). In China, the prevalence of macrosomia
in obese women ranged from 5.1%°* to 22.9%,%? while
the prevalence of LGA in obese women ranged from
14.4%% to 39.7%’° (Table 3(b)). While the studies
reporting LGA in obese Chinese women are all
reported within a 10 year time frame, the lack of
information on specific growth charts referenced in
these studies (e.g., “calculated using own study
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TABLE 2 Prevalence of macrosomia and large for gestational age in China

% Macrosomia % LGA
Country Date of data collection n >4000 g > 90th percentile References
China 1994 594 472 6 13.7 Lu et al®
China 1996 63 661 6.6 Shan et al®”
China 2000 594 472 8.49 Luetal®
China 2000 63 661 95 Shan et al®”
China 2001 13 711 8.3 Bao et al”
China 2005 594 472 7.83 18.98 Luetal®
China 2005 13 711 10.5 Bao et al’
China 2002-2005 21315 11.67 Gu et al®®
China 2006 27322 9.1 Shi et al®
China 2007-2008 14 332 6.9 Koyanagi et al'”
China 20062010 23 064 9.1 Wu et al''?
China 2010 63 661 7 Shan et al®”
China 2010 60 986 13.6 Sun et al”!
China 2010 27 322 8 Shi et al®
China 2011 109 722 6.7 Hou et al”?
China 2011 101 723 7.3 Li et al’
China 2011 113 597 7.1 Luo & Zhang”
China 2011 65173 7.8 Liu et al”™*
China 2009-2011 33793 9.8 10.4 Lietal”
China 2010-2012 17 808 8.9 9.9° Pan et al”®
China 2010-2012 133 232 5.8 11.8 Chen et al””
China 2010-2012 19 622 9.1 8.8 Yang et al”®
China 2011-2012 89 171 5.2 Zhang et al”
China 2012 14 196 6.6 22.1 Zhang et al”
China 2010-2013 28 722 3.8 Pei et al®°
China 2010-2013 213 461 8 Liu et al®!
China 2010-2013 16 986 9.2 15.9 Hua et al®?
China 2011-2013 85 765 6.5 Yang et al*®
China 2013 14 168 7.86 Wang et al®
China 2013 14 451 7.8 Wei et al®®
China 2013 14 741 7.8 6.6 Feng et al®®
China 2013 47 590 102 Cai et al¥”
China 2013 49 357 10° Tan et al®
China 2010-2014 178 709 6.4 Wang et al*
China 2010-2014 1313 169 8.7 Wang et al”
China 2014 10 366 6.1 Zheng et al’!
China 2000-2015 227 359 7.9° Zhang et al”
China 2001-2015 2290 745 9.3 He et al”?
China 2013-2015 43 086 6.5° Yan et al 2020'%*
China 2015 59 189 13.9 Wang”
China 2015 15 615 3.4° Wang”
China 2012-2016 14 984 2.62 Tu et al**
China 2013-2016 11 494 12.5 Wu et al”®
China 2016 16 780 6.1 11.8 Huang et al®®
China 2005-2017 102 526 3.1 Rao et al””
China 2016-2017 11 581 7.37 15.5 Yuan et al®®
China 2015-2017 506 000 7.23 Wang et al”
Abbreviations: LGA, large for gestational age; ND, not described.
2Calculated from data in the article.
population means and standard deviations”) means with this risk factor was described in 11 studies
comparisons between studies are difficult. (Table 4). As with the BMI -categorization, the
The prevalence of macrosomia/LGA in women reported data show differences with respect to the
with excessive GWG and the OR/aOR associated guidelines used to calculate adequate versus excessive
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GWG and the formulas used to calculate GWG
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the growth charts and definitions used to calculate
LGA, size of the studies, as well as the small number
of studies/country (except China, Japan and Taiwan)
make it more difficult to conclude if the prevalence of
high birth weight babies is really changing. Neverthe-
less, LGA rates appear to be consistently higher than
reported macrosomia, and studies that do allow for
comparison within countries seem to suggest
increases in prevalence over time. This unique data
set provides an opportunity to illustrate the variabil-
ity of growth charts used to calculate LGA, compare
prevalence over time in the same country, to evaluate
the relationship between macrosomia and LGA
within countries, as well as the prevalence of
macrosomia/LGA between geographically and ethni-
cally similar countries in the region. Given the rela-
tionship between high birth weight and short- and
long-term risks for mother and infant, adequate
reporting is a necessary first step in understanding
the magnitude of the issue.

The large number of studies from China, including
studies which reported data over multiple time
periods, suggests that the prevalence of macrosomia
in China is still highly variable, and may likely
depend on the region (urban or rural) in which the
population is assessed. However, two prefecture level
cities, only 1000 km apart, reported quite disparate
levels of macrosomia in 2015; 13.9%” compared to
3.4%.” A more intensive regional analysis would be
required to understand these differences. Interest-
ingly, in 19952009 the rate of macrosomia appeared
to be significantly lower in a Chinese population in
Hong Kong,” highlighting the importance of environ-
mental factors in determining outcomes in similar eth-
nic populations. In contrast, LGA prevalence did not
seem to decrease over time, perhaps reflecting the
appropriate use of local growth charts.

Maternal BMI, excessive GWG, and glucose intoler-
ance/GDM were all shown to be risk factors for
macrosomia/LGA in the Chinese populations, with
the greatest risk conferred by being obese
(aOR = 4.1).° The largest Chinese study (n = 594 472)
attributed increases in prevalence of macrosomia from
1994 to 2000 to increasing GWG.? In this study, exces-
sive GWG was recorded as weight gain >12.5 kg; the
Institute of Medicine’s guidelines indeed suggest that
weight gain of 11.3-159 kg is excessive in women
with normal pre-pregnancy BMI. Thus, efforts to
monitor GWG in China may have helped attenuate
the prevalence of macrosomia to current estimates of
6%—7%. Insufficient data from other countries in Asia

Macrosomia and LGA in Asia

lead to challenges in understanding temporal changes
in the region and potential influencing (environmen-
tal) factors.

Surprisingly, the highest prevalence of macrosomia
(>10%) was reported in China®®”1® and Pakistan,”®
while the highest prevalence of LGA (>10%) was in
Bangladesh,20 China, 3777982959698 1p{ja 111 ]apan,35
Thailand,®® and Vietnam.®® The latter countries have
traditionally low average birth weights and a high
prevalence of low birth weight and term small for
gestational age (SGA) births.'*? Many of these coun-
tries experience the dual burden of malnutrition, and
it appears the consequences of this burden may be
apparent from birth. These data highlight the discor-
dance between reporting only macrosomia or only
LGA, as well as the limiting assumption that a coun-
try with a low birth weight problem could not have a
simultaneous high birth weight problem. It is essen-
tial that more studies report both measures. In addi-
tion, there is an urgent need to develop charts for
birth weights by gestational age for these countries to
allow for LGA calculations and for these charts to be
used consistently and across different hospitals/facili-
ties. It would be interesting to evaluate the applicabil-
ity of the WHO Child Growth Standards in
monitoring post-natal growth in countries with a high
prevalence of extreme birth weights.

In studies that assess both macrosomia and LGA,
we show that the majority report a marked disparity
between prevalence of each. The largest disparity was
found in Japan with macrosomia prevalence of 0.8%
and LGA prevalence of 10.1% in almost 100 000 par-
ticipants.”® Similarly, a large Chinese study of
~600 000 participants reported macrosomia preva-
lence of 7.83% and LGA prevalence of 18.98%.% These
discrepancies are clearly explained by the use of local
birth weight charts, in which the 90th percentile for
birth weight is substantially lower than 4000 g; how-
ever, they highlight two important points: the need
for researchers to assess LGA in all study populations
and the need to consider the meaningfulness of the
90th centile in populations where it correlates to an
“average” birth weight in US/European populations.
It is now clear that the growth charts being used may
not adequately lead to a true reflection of birth weight
distribution in a country. However, the confounding
factor in our analysis is that, due to missing or unclear
definitions of the growth charts used to calculate
LGA, direct comparisons cannot be made even within
countries. This is also a factor in reporting LGA in
Europe, with many countries not using standardized
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WHO guidelines/growth charts.!1*115 Therefore, the
definition of LGA may lead to quite different cut offs
between countries and thus the associated risk of
unbalanced growth and/or adverse later life out-
comes may be even more different than we expect.

Nevertheless, though we suggest that more studies
should report prevalence of LGA using local/ethni-
cally appropriate growth charts, the relevance and
implications of being an LGA infant in countries that
are known to have low mean birth weights are
unclear. The 90th centile is relatively arbitrary and
recent discussions have suggested that, in the USA,
the 97th centile may be more appropriate, as it may
identify infants at 2-fold risk of low 5 min Apgar
scores.''® Similar research has been published regard-
ing cutoffs for macrosomia; in one study, macrosomia
24000 g indicated increased risk of birth and neonatal
complications, whereas 24500 g appeared to be more
predictive of neonatal morbidity and >5000 g predic-
tive of neonatal mortality.'" Similarly, a meta-analysis
of 17 articles described risks of birth trauma increas-
ing from 4% to 12% and 25% for birth weights of
24000, > 4500, and 25000 g, respectively.'* In addition,
babies born 24000 g were three times more likely to
experience respiratory distress syndrome, hyper-
bilirubinemia, or metabolic disturbances, such as
hypoglycaernia.12 These short-term, immediate conse-
quences are relatively well described for the different
categories; however, it is unclear whether there may
be differing long term consequences for each. Much of
these data are generated from US cohorts; different
lower absolute birth weights (but >90th centile for
local charts) in Asia populations may or may not con-
fer the same risk. There are differing morbidities asso-
ciated with birth weights 24500 g when comparing
between ethnicities with different body composi-
tions!'®; however, further research is required. Our
analysis illustrates the variability in the data and the
need for consistency and standardization.

The INTERGROWTH-21st Project has recently pub-
lished international weight standards for newborn
infants, to complement the WHO'’s growth charts for
children under 5 years of age.''’ These standards
have several important advantages; they are prescrip-
tive, compared to current charts that use historical,
potentially outdated data; they are “population-based,
multi-ethnic, multi-country, and sex-specific”’; and it
has been shown that, once nutritional status was con-
trolled, the eight populations that were used (includ-
ing two from India and China) showed consistently
similar birth weights, without ethnic or genetic

variance.''” While INTERGROWTH-21st was initially
focused on understanding SGA, and local validation
is required to avoid misclassification of SGA in certain
ethnic groups,''® we hope that the standards may also
be used to classify LGA infants. Wide-spread adop-
tion of the standards may generate meaningful, trans-
latable, transferrable data about infants born
macrosomic/LGA. A possible limitation of the charts
is that they are based on a relatively small population
of infants that are born late preterm or term, and do
not consider the underlying morbidity that may con-
tribute to earlier births. Given that new guidelines are
often developed every 4-5 years,''%'" consensus and
inclusion of multiple assessments of prevalence and
risk according to the most widely used guidelines
may be required for a comprehensive assessment. Yet,
even if the perfect guideline or growth chart existed,
it loses its power if it is not applied broadly and con-
sistently. Our overview suggests that this is an impor-
tant point for communication to researchers in Asia.
We also evaluated the risk factors for macrosomia/
LGA in Asia. A high pre-pregnancy or first pregnancy
visit BMI conferred the highest risk for subsequent
birth of a macrosomic/LGA infant. However, given
that high pre-pregnancy BMI was the most studied
risk factor, this could be due to reporting bias. The
highest prevalence of macrosomia (23.5%)° and LGA
(29.6%)*® reported across our included studies were
those in sub-populations with GDM (Table 5). How-
ever, only a few studies that assessed glucose intoler-
ant/GDM sub-populations calculated risk. The
reported OR/aORs for macrosomia and LGA in a
GDM population were similar to the reported OR/a-
ORs for macrosomia and LGA in a glucose intolerant
population (Table 5). The relatively high rates of
macrosomia/LGA in women with glucose intolerance
(sometimes comparable to rates of women with
GDM) could be due to late diagnosis and inadequate
treatment in this (often neglected) population. These
findings are interesting in light of a recent study that
showed that South Central Asian and Chinese women
with GDM living in New York had a relatively low
risk of macrosomia (aOR 1.0-1.2) compared to Carib-
bean, Sub-Saharan African and African American
women with GDM (aOR 2.4-2.6).'%° Additionally,
changes in the guidelines for classification of GDM
influence the reported prevalence of macrosomia; in
Taiwan, the 2010 implementation of the new Interna-
tional Association of the Diabetes and Pregnancy
Study Groups (IADPSG) guidelines for diagnosing
GDM resulted in a reduction in the rates of
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macrosomia (2.3%-1.5%) and LGA (7.8-6.3%) in the
offspring of GDM mothers™ whereas in China a shift
from the 1999 WHO guidelines to the 2010 IADPSG
guidelines resulted in rates of macrosomia/LGA
almost doubling.”® The fact that we excluded data
from Asian populations living in countries other than
Asia is a limitation of this review. The interaction
between ethnicity, environment (country, latitude),
glucose tolerance, and macrosomia/LGA is under-
explored, though initial direct comparisons indicate
that ethnic differences may result in significant
underreporting of glucose intolerance/ GDM.'® With-
out this knowledge, there is an obvious gap in
evidence-based recommendations for at-risk births
in Asia.

There was a lack of reliable information about con-
founding factors in many of our included large
population-based cohort studies. Some studies
addressed this, noting lack of data on pre-existing dia-
betes or development of GDM in the study partici-
pants as a limitation® or variability of the data due to
different sites."*! Given that multiple factors contrib-
ute to the dynamic rates of macrosomia, addressing
this issue in large-scale population studies will be a
necessary step to reduce variability and increase
translatable findings. For instance, the push-pull influ-
ence of decreasing gestational age (due to increasing
elective Caesarian sections) on a background of rising
maternal pre-pregnancy BMI and GWG is likely to
influence reported rates.

Within our inclusion criteria, there were 38 papers
identified by our 2015 search (1990-2015), and
58 papers included in our 2015-2018 search, indicat-
ing the rising interest in this subject. Our original sea-
rch was surprising for the lack of meta-analyses
assessing risk factors/development of macrosomia/
LGA. However, our updated search showed progress,
with multiple meta-analyses published assessing, sep-
arately, maternal obesity (OR 2.17, 95% CIL 1.92,
2.45),'22 excessive GWG (OR 2.35, 95% CI: 1.95,
2.85),'* and GDM (OR 1.71, 95% CI: 1.52, 1.94)'° as
independent risk factors for macrosomia. The findings
of these meta-analyses, focused on non-Asian
populations, are in line with the data from Asia
described in this review.

We have systematically collated data regarding the
prevalence and associated risk factors for macrosomia
and LGA in 17 countries in Asia. Macrosomia was
widely reported, most often using the 24000 g defini-
tion; LGA was less widely reported, and studies often
failed to define and describe the appropriateness of

Macrosomia and LGA in Asia

birth weight charts used for its calculation. China and
Pakistan reported the highest prevalence of
macrosomia while the highest prevalence of LGA was
in China, Bangladesh, India, Japan, Thailand, and
Vietnam. Prevalence of macrosomia appears to be sta-
bilizing in China; however, rates of LGA were consis-
tently higher than that of macrosomia. Pre-pregnancy
BMI, GWG, and impaired glucose tolerance/GDM
were consistent risk factors across Asia for the devel-
opment of macrosomia/LGA. We propose that future
studies report prevalence of both macrosomia and
LGA but suggest that more research is required to
understand the consequences of being born LGA
according to country-specific growth charts, where
mean birth weights are low compared to Western
norms. Consistent use of growth charts could facili-
tate future comparisons and analyses.
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