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Maternal body mass index
change as a new optimal
pestational weight gain
predictor in overweight women

Aim To investigate the relationship between maternal
pre-pregnancy body-mass index (BMI) and neonatal birth
weight.

Methods The observational study included 2906 mothers
and their neonates born from 2005 to 2011 at the Depart-
ment of Gynecology and Obstetrics, Split University Hospi-
tal Center. Mothers with singleton term pregnancies who
were overweight before pregnancy (BMI 25-29.9 kg/m?)
were compared with those with normal pre-pregnancy
weight (BMI 18.5-24.9 kg/m?). BMI change was assessed as
a predictor of birth weight, categorized as small (SGA), ap-
propriate (AGA), or large for gestational age (LGA).

Results The rate of SGA infants was significantly lower
(n=199; 6.8% vs n=1548; 9.2%) and the rate of LGA infants
significantly greater among pre-pregnancy overweight
mothers compared with normal-weight mothers (n=371;
12.8% vs n=1302; 7.8%; P<0.001 both). Overweight moth-
ers had a significant probability of delivering an SGA neo-
nate when they gained less than 6 kg, as compared with
8 kg among normal-weight mothers. They had a signifi-
cant probability of delivering an LGA neonate when they
gained more than 14 kg, compared with more than 20 kg
among normal-weight mothers. BMI change was a more
consistent indicator, suggesting that the ranges of 3.0-7.9
kg/m? in overweight and 2-5.9 kg/m? in normal-weight
women were not associated with a significant increase in
the rate of SGA or LGA.

Conclusion Maternal height seems to be an important
factor in optimal weight gain definition, suggesting that
BMI change should be a preferred measure of pregnancy-
related weight.

www.cmj.hr

CM)

Zoran Mestrovi¢', Damir
Roje’, Ajka Relja?, Indira
Kosovi¢', Nada Aracic,
Marko Vuli¢!, Ozren
Polasek?

'Department of Obstetrics and

Gynecology, Clinical Hospital
Center Split, Split, Croatia

’Department of Public Health,
University of Split School of
Medicine, Split, Croatia

3Polyclinic Cito, Split, Croatia

Received: January 27,2019
Accepted: November 7,2019

Correspondence to:

Zoran Mestrovic¢

Department of Obstetrics and
Gynecology

University Hospital Split
Spincica 1

21 000 Split, Croatia
zoran.mestrovic@st.t-com.hr


mailto: zoran.mestrovic@st.t-com.hr
https://doi.org/10.3325/cmj.2019.60.508

Mestrovié et al: Maternal BMI change as a new optimal gestational weight gain predictor in overweight women CM l'

Overweight and obesity are major risk factors for morbidity
and mortality, reflecting their considerable public health
importance. Over the last few decades, their prevalence
has surged irrespective of age, sex, ethnicity, or education
level (1). Obesity has now reached truly epidemic propor-
tions, affecting from one-third to more than half of repro-
ductive age women in developed countries (2,3).

Optimal weight gain estimate for women during pregnan-
cy still presents a substantial enigma. It has been shown
that greater gestational weight gain decreases some peri-
natal risks (eg, preterm delivery or fetal growth retarda-
tion), while increasing some others (eg, preeclampsia or
macrosomia) (2-7). The Institute of Medicine (IOM) in 2009
developed recommendations aligning the desired weight
gain to the World Health Organization (WHO) body mass
index (BMI) categories (8). Although this approach seemed
intuitive, it has often been criticized (8). The simple mathe-
matical weight gain formula is just an approximation of the
biological and developmental processes, but still remains
the most widely used formula so far.

In the present study, we calculated weight gain for pre-
pregnancy overweight women as expressed as maternal
BMI change, thus relying more on height than on weight
gain compared with previous recommendations. In the
beginning, recommendations were regularly applicable
to all pregnant women without distinction, irrespective
of their anthropometric characteristics. In 1990, the IOM
proposed the calculation on the basis of the woman'’s pre-
pregnancy BMI as a classification input criterion (9). This
concept was improved and in 2009, when the same insti-
tution issued a revised protocol following BMI categori-
zation according to the WHO classification (8). The objec-
tive of the new guidelines was to reduce the unfavorable
health effects of inadequate or excessive gestational
weight gain on the mother, pregnancy, and infant. A posi-
tive and independent correlation of maternal body height
and pre-pregnancy BMI with gestational weight gain has
long been demonstrated (10). However, BMI can easily
have the same value in extremely tall and extremely short
women if they have symmetrically inverse body weights.
Therefore, the use of BMI alone may introduce a bias, as
it may not reflect the body size and predicted changes
over the course of pregnancy in the same way for different
women. We offer weight gain recommendations for each
category in BMI change range values that can be precisely
recalculated into kilograms for any woman according to
her height. We hypothesized that BMI change would bet-
ter reflect pregnancy-related weight gain, which reflects

fetal growth assessment as the main perinatal outcome
measure.

PARTICIPANTS AND METHODS

The study included 2906 overweight mothers and their
neonates born during a 7-year period (2005-2011) at the
Department of Gynecology and Obstetrics, Split University
Hospital Center in Split, Croatia. Almost all citizens of the
Split-Dalmatia County are of European origin and are pre-
dominantly Croats (96.3%).

Inclusion and exclusion criteria

We only included pre-pregnancy overweight mothers ac-
cording to the WHO standards (BMI 25-29.9 kg/m?) with
singleton term pregnancies (37th to 42nd week of gesta-
tion). Pregnancies with normal pre-pregnancy weight (BMI
18.5-24.9 kg/m?) were used as a comparison group. Exclu-
sion criteria were pregnancies complicated with diabe-
tes mellitus type 1 or 2, gestational diabetes mellitus, Rh
or other immunization, fetal hydrops, neonatal malforma-
tions, stillbirths or early neonatal deaths, and incomplete
medical documentation. The pregnancies were selected
from a larger cohort study that included 21400 newborns
during the same follow-up period (2005-2011) (7).

Maternal data

Data on maternal height, pre-gestational weight, and
weight on the day of delivery were obtained from medical
history. Body mass was expressed in kilograms, rounded to
the nearest kilogram value. Body height was expressed in
centimeters, rounded to the nearest centimeter value. Ges-
tational age was expressed in completed weeks and cal-
culated according to the first day of the last menstruation,
corrected by ultrasonic assessment when discrepancy ex-
ceeded one week. Maternal BMI was calculated as follows:
BMI (kg/m?)=body mass (kg)/body height? (m?).

Neonatal data

All neonates were weighed immediately upon birth on the
same scale (Libela, Celje, Slovenia). Body mass below the
10th percentile was considered as small for gestational age
(SGA), above the 90th percentile as large for gestational
age (LGA), and between these two values as appropriate
for gestational age (AGA). Neonatal ponderal index (Pl)
was calculated by the formula: Pl (g/cm?) =birth weight
(g9)x 100/birth length?® (cm?). PI below the 10th per-
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centile was considered as low (“neonatal thinness”) and
above the 90th percentile as high (“‘neonatal obesity”), rep-
resenting asymmetrical growth. The fetal growth charts
were developed in the same institution, thus ensuring
evaluation quality (11,12).

Weight gain categorization

Maternal weight gain was expressed in two ways: in kilo-
grams (2 kg increment) and as BMI change (1 kg/m? in-
crement). The relationship between the measured values
and the presumed prevalence of LGA and SGA neonates
(10% for a particular category) was calculated. The study
was approved by the Ethics Committee of the Clinical Hos-
pital Center Split.

Statistical analysis

The x*test was used to analyze the dependence of the
qualitatively categorized variables. Statistical data analy-
sis was performed by the Statistica 7.0 software (StatSoft,
Tulsa, OK, USA). The level of statistical significance was set
atP<0.05.

RESULTS

The study involved 2906 overweight women, account-
ing for 13.6% of the investigated population (N=21400).

TABLE 1.The main characteristics of mother-newborn pairs

Croat Med J. 2019;60:508-14

The proportion of underweight women (BMI<18.5 kg/
m?) was 5.6% (n=1205), of normal-weight women 78.3%
(n=16751), and of obese women (BMI>30 kg/m?) 2.5%
(n=542).

Exclusion criteria were recorded in 67 mother-neonate
pairs in the overweight group, as follows: incomplete
medical documentation (n=43), fetal hydrops (n=3),
malformations (n=14), stillbirths (n=5), and early neona-
tal death (n=2).

Seventy-five (2.58%) women in the investigated group re-
ported regular cigarette smoking. Only 24 (0.82%) over-
weight women reported that they smoked ten or more
cigarettes daily. Smoking mothers gave birth to 6 (8%) SGA,
62 (82.7%) AGA, and 7 (9.3%) LGA newborns.

Pre-pregnancy overweight women were by 1.6 years old-
er (t=15.5), by 14.3 kg heavier (t=67.9), and by 1.2 cm
shorter (t=6.4; P<0.001 all). The mean pre-pregnancy
BMI difference decreased by the end of pregnancy (5.2
kg/m? vs 4.7 kg/m?) but remained significant (t=68.9;
P<0.001). The neonates born to overweight mothers
were on average by 68 g heavier (t=6.5), by 0.5 cm short-
er (t=4.5), and had higher PI (t=4.0; P<0.001 all). The
main characteristics of investigated populations are pre-
sented in Table 1.

Pre-pregnancy normal weight

Pre-pregnancy overweight

(N=16751) (BMI 18.5-24.9 kg/m?)  (N=2906) (BMI 25-29.9 kg/m?) P

Maternal age (years)

Primigravidae

Maternal pre-pregnancy weight (kg)
Maternal body height (cm)

Maternal pre-pregnancy body mass index (kg/m?)
Maternal weight gain (kg)

Maternal body mass index at delivery (kg/m?)
Gestation age at delivery (completed weeks)
Birth weight (g)

Birth length (cm)

Ponderal index at birth (g/cm?)

Low ponderal index (<10th percentile)

among small for gestational age newborns

High ponderal index (<10th percentile)

among large for gestational age newborns

*BMI - body mass index.

tData are presented as mean +standard deviation or count (percent).
#t-test for independent samples.

§x* test.
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28.6x5.1 30.2+54 <0.001*
7982 (47.6) 861 (29.6) <0.001°
62.3+56 766%6.3 <0.001*
170.2+54 169.0+5.7 <0.007*
21.5+16 26719 <0.001*
149+44 154£5.1 0.920*
271+23 31.8+25 <0.001*
39.8+1.2 397x16 0M7¢
3580£489.6 36485019 <0.001*
50.7+20 51.2+22 <0.001*
265+0.2 2.74x0.2 <0.001*
393 (254) 42 (21.1) 0.219°
127 (9.7) 35(94) 0.865°
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Fetal growth evaluation according to birth weight
standard

The rates of SGA and LGA newborns across the weight
gain groups reflected an interesting pattern in overweight
mothers. The rate of SGA neonates was increased in moth-
ers with very small weight gains (up to 6 kg) (Table 2). Simi-
larly, a non-significantly higher rate of LGA neonates was
also recorded in mothers with smaller gains (4-6 kg), and
a significantly higher rate in mothers with greater weight
gains (=14 kg) (Table 2). The use of BMI change indicated
a similar pattern, with lower rates of SGA in the lowest
weight gain group (<2 kg/m?) (Table 3). However, for LGA
neonates, BMI change yielded a much more even pattern,

with somewhat higher rates for medium gains (4-6 kg/m?)
and significantly higher rates for gains greater than 6 kg/
m? (Table 3).

Fetal growth evaluation according to ponderal index

In overweight women, the mean Pl was higher (2.74 vs
2.65%; x*=4.1;P<0.001) and the rate of neonates with Pl less
than the 10th percentile was higher than expected (12.5%;
x*=8.03; P=0.005). The rate of neonatal obesity (PI>90th
percentile) was 8.8% (x*=1.21; P=0.27). In any subgroup,
normal and overweight subgroups did not show significant
differences in Pl subcategories irrespective of weight gain
measured in kilograms or BMI change (Table 1).

TABLE 2. Fetal growth evaluation of pre-pregnancy overweight and normal weight mothers in association to presumed frequencies
(SGA 10%, AGA 80%, and LGA 10%) according to gestational weight gain in kilograms (kg)**

Pre-pregnancy normal weight (BMI 18.5-24.9 kg/m?)

Pre-pregnancy overweight (BMI 25-29.9 kg/m?)

Akg SGAN (%) AGAn (%) LGAn (%) total n (%) P SGANn (%) AGAN (%) LGAnN (%) totaln (%) P

0-39 6(0.7)"  21(724) 2(6.9) 29(100)  0.524 4(26.7)F 8(53.3) 3(20.0) 15 (100) 0.5Mm
4-59 31 (225" 105 (76.1) 2014 138 (100)  0.001 11(17.2)f 43 (67.2) 10 (15.6) 64 (100) 0.190
6-79 86 (189)"  358(78.7) 1124 455 (100)  <0.001 15 (9.5) 131 (82.9) (7 6) 158 (100) 0.704
8-99 169 (11.5) 1244 (84.4) 60 (4.1) 1473 (100) <0.001  35(9.7) 292 (80.9) 4(94) 361 (100) 0957
10-11.9 276 (10.7) 65 (83.7) 145 (5.6) 2586 (100) <0.001 29 (6.4) 386 (85.6) (8 0) 451 (100) 0.070
12-13.9 295(104) 2371 (83.8) 162 (5.8) 2828 (100) <0.001 23 (4.8) 401 (83.9) 4(11.3)  478(100) 0.008
14-159 273 (79) 2933 (85.0) 241 (7.) 3447 (100) <0.001  33(6.7) 389 (78.9) (144) 493 (100) 0.027
16-179 187 (8.5) 1804 (82.5) 197 (9.0) 88 (100) 0105  17(5.5) 247 (80.2) 44 (143)" 308 (100) 0.042
18-199 119 (6.6) 1461 (81.6) 210(11.8) 1790 (100)  0.001 17 (5.9) 227 (78.5)  45(15.6)" 289 (100) 0.036
20-219 42 (5.7) 589 (80.3) 103 (14.0)" 734(100)  0.001 5(44) 87(76.3)  22(19.3)' 114 (100) 0.048
>22 64 (5.9) 850 (78.5) 169 (15.6)" 1083 (100) <0.001 10 (5.7) 125(714) 40229 175(100) 0.003
Total 1548 (9.2) 13901 (83.0) 1302 (7.8) 16751 (100)  <0.001 199 (6.8) 2336 (804) 371 (12.8) 2906 (100) 0.001

*BMI - body mass index; SGA - small for gestational age; AGA — appropriate for gestational age; LGA - large for gestational age.
tPairwise comparison of the SGA or LGA with the AGA significant at the level of P<0.05 when SGA or LGA proportion was greater than 10% (x? test).

TABLE 3. Fetal growth evaluation of pre-pregnancy overweight and normal weight mothers in association to presumed frequencies
(SGA 10%, AGA 80%, and LGA 10%) according to gestational weight gain presented in BMI (kg/m?) enhancement

Pre-pregnancy normal weight (BMI 18.5-24.9 kg/m?) Pre-pregnancy overweight (BMI 25-29.9 kg/m?)

ABMI SGA n (%) AGA n (%) LGANn (%) total n (%) P SGAnN (%) AGAnN (%) LGAnNn(%) totaln(%) P

0-19 21 (3.1 67 (73.6) 3333 91 (100) 0.028 7 (140" 35(70.0) 8 (16.0) 50 (100)  0.507
2-29 89 (16.2)F 445 (81.1) 15 (2.7) 549 (100)  <0.001  19(9.8) 156 (80.9) 8(9.3) 193 (100) 0958
3-39 278 (10.8) 2131 (83.1) 154 (6.1) 2563 (100) <0.001 46 (9.0) 420 (82.4) 44 (8.6) 510 (100) 0.622
4-49 414 (9.6) 3639 (84.4) 259(6.00 4312 (100) <0.001  40(5.5) 600(82.7)  86(11.8)  726(100) 0.004
5-59 351 (8.1) 3627 (84.0) 339 (79) 4317 (100) <0.001 39 (5.8) 546 (81.5) 85 (12.7) 670 (100)  0.008
6-6.9 244 (8.9) 2239 (81.9) 256 (9.3) 2739 (100) 0239 22(6.0) 292 (79.) 55(14.9)" 369 (100) 0.025
7-79 95 (7.3) 1068 (82.1) 138 (10.6) 1301 (100) 0.064 12(54) 171 (77.4) 38(17.2)F 221 (100) 0.026
>8 56 (6.4) 685 (77.9) 138 (15.7)* 879 (100) <0.001 14 (8.4) 116 (69.5) 37 (22" 167 (100)  0.025
Total 1548 (9.2) 13901 (83.1) 1302 (7.8) 16751 (100) <0.001 199(6.8) 2336(804) 371(12.8) 2906 (100) 0.000

*BMI - body mass index; SGA - small for gestational age; AGA - appropriate for gestational age; LGA - large for gestational age.
tPairwise comparison of the SGA or LGA with the AGA significant at the level of P<0.05 when SGA or LGA proportion was greater than 10% (x? test).
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DISCUSSION

This study suggests that maternal BMI change could be
a useful predictor of neonatal anthropometry and, con-
sequently, an important factor for pregnancy-related out-
come. This also means that the IOM standards could be
revised to improve the approach used in daily clinical
practice. When taken together, according to our study,
optimal weight gain expressed as BMI change for pre-
pregnancy overweight women ranges from 2 to 5.9 kg/
m? The range for normal weight women is a little higher
and wider (3-7.9 kg/m?).

We are still not able to answer the simple question of op-
timal weight gain for each pregnant woman. Supported
by the vast majority of authors, IOM chose fetal growth
assessment as the representative perinatal outcome fac-
tor and developed overall guidelines based on it (8). Fe-
tal growth directly or indirectly reflects most other perina-
tal outcome components, thus, the calculation of optimal
gestational weight gains presents the best, or at least the
least unfavorable, choice (8,9). This study followed the
same outcome selection model, and using percentile fe-
tal growth tables previously developed at the same institu-
tion, ensured quality evaluation and reduction of the po-
tential bias (11).

Gestational weight gain exceeds the IOM recommended
standards in the majority of pregnant women in industri-
alized countries. Even more importantly, in women who
were overweight and obese before pregnancy (<52%) the
likelihood of uncontrolled excessive gestational weight
gain exceeds the standards 4-fold (13,14). This results in an
increase in pregnancy complication rate associated with
their basic obesity, (possibly) impaired metabolism, and/
or excessive gestational weight gain (2,6,15). Despite indi-
vidual BMI categories defined by the WHO standards and
the expected population rate of 18%-25%, overweight
women are rarely investigated separately from obese ones
(1-3,10,16-18). Their proportions, body shape, and metabo-
lism are likely different from obese women, but they are
also not completely similar to women with normal BMI. In
order to make a further conceptual step compared with
the analysis of the merged groups, this study included only
overweight women.

Many authors consider the IOM guideline as being too
liberal, assuming that appropriate weight gain for over-
weight women during pregnancy should be 5-7 kg (3).
The results of this study point to BMI change as a
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useful predictor that outperforms simple weight gain ex-
pressed in kilograms, supporting IOM suggestion for pre-
pregnancy overweight women, and just extending the
range by 1.0 kg in the lower and 1.5 kg in the upper limit.
The introduction of BMI as an input variable by the IOM
was a breakthrough. We do believe that the benefits thus
achieved must not be denied and that BMI index should
be used for the rest of pregnancy too. To our knowledge,
as an output measure, BMI was used only once. Asplund
et al (19), with a small sample of only 186 pregnant wom-
en, demonstrated that a BMI increase by more than 25%
irrespective of its initial value increased the prevalence of
macrosomia. In this study, we propose for the first time the
idea of BMI change in the context of woman'’s height as the
new output measure. For a woman of 160 cm, pre-preg-
nancy body mass range of 64-76.2 kg implies overweight,
whereas for a woman of 180 cm the respective range is
81-96.8 kg. This means that according to the existing IOM
guidelines, identical optimal gestational weight gain is rec-
ommended for a woman of 160 cm with pre-pregnancy
body mass of 64 kg and a woman of 180 cm with pre-
pregnancy body mass of 96.8 kg. In the former, the upper
limit of recommended weight gain (11.5 kg) accounts for
18% of the initial body weight, whereas in the latter, the
lower limit of recommended weight gain (7.0 kg) accounts
for 7.2% of the initial body weight. Therefore, our proposal
could be a welcome step forward in the individualization
of the IOM recommendations, with special importance for
very tall and short women.

The limitations of this study include rather small sample
sizes in the group breakdown. Also, we only used newborn
anthropometry as fetal growth evaluation. It is a limited
outcome in terms of the overall clinical assessment, but
previously published studies and IOM itself resolved the
same dilemma in a similar way. We excluded some preg-
nancy-related pathological conditions, but intentionally
only those that can drastically affect fetal anthropometry
(fetal hydrops, malformed fetuses, and stillbirths). Women
suffering from chronic diseases (autoimmune disorders,
arterial hypertension) or other pregnancy complications,
such as preeclampsia, were enrolled in the study as a con-
stituent part of the overweight population.

One of the recently developed approaches to this topic in-
cludes a possible explanation for the inter-newborn varia-
tions. It has been suggested that the maternal nutritional
status can have a causal effect on the epigenetic fetal pro-
file. Insulin growth factor 2 was found to be hypomethy-
lated in the placentas from intrauterine growth restriction
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and/or SGA pregnancies (20). A significant association has
also been reported between LGA infants and differential
methylation of the glucocorticoid receptor gene in the
placenta (21). Although these results are only the first step
toward the understanding of the mechanics of the neona-
tal growth, they nevertheless show a highly promising line
of evidence that might provide a more definitive answer to
fetal growth patterns.

Based on the results of this study, we strongly believe that
in optimal weight gain estimation/calculation, BMI can be
used not only as an input but also as an output measure.
The final recalculation of the recommended BMI change
takes in account the woman'’s height. This proposal up-
grades the IOM recommendations, with special signifi-
cance in the tallest and shortest subgroups of women. It
presents a step further in the efforts to find a formula for
the calculation of the optimal gestational weight gain for
each individual woman, thus providing conditions for the
most favorable perinatal outcome.

Funding None.

Ethical approval given by the Ethics Committee of the Clinical Hospital
Center Split (500-03/19-01/09).

Declaration of authorship ZM and DR conceived and designed the study;
AR, IK, and NA acquired the data; MV and OP analyzed and interpreted the
data; ZM, DR, AR, and IK drafted the manuscript; NA, MV, and OP critically
revised the manuscript for important intellectual content; all authors gave
approval of the version to be submitted; all authors agree to be accountable
for all aspects of the work.

Competing interests OP is an editorial board member of the Croatian Medi-
cal Journal. To ensure that any possible conflict of interest relevant to the
journal has been addressed, this article was reviewed according to best
practice guidelines of international editorial organizations. All authors have
completed the Unified Competing Interest form at www.icmje.org/coi_dis-
closure.pdf (available on request from the corresponding author) and de-
clare: no support from any organization for the submitted work; no financial
relationships with any organizations that might have an interest in the sub-
mitted work in the previous 3 years; no other relationships or activities that
could appear to have influenced the submitted work.

References

1 Arabin B, Stupin JH. Overweight and obesity before, during
and after pregnancy: part 2: evidence-based risk factors and
interventions. Geburtshilfe Frauenheilkd. 2014;74:646-55.
doi:10.1055/5-0034-1368462

2 Baeten JM, Bukusi EA, Lambe M. Pregnancy complications and
outcomes among overweight and obese nulliparous women. Am J
Public Health. 2001;91:436-40. doi:10.2105/AJPH.91.3.436

3 Catalano PM, Mele L, Landon MB, Ramin SM, Reddy UM, Casey B,
et al. Inadequate weight gain in overweight and obese pregnant
women: what is the effect on fetal growth? Am J Obstet Gynecol.
2014;211:137.e1-7.doi:10.1016/j.ajog.2014.02.004

4 Rasmussen KM, Catalano PM, Yaktine AL. New guidelines for

weight gain during pregnancy: what obstetrician/gynecologists

CM) 513

should know. Curr Opin Obstet Gynecol. 2009;21:521-6.
doi:10.1097/GCO.0b013e328332d24e

Viswanathan M, Siega-Riz AM, Moos MK, Deierlein A, Mumford

S, Knaack J, et al. Outcomes of maternal weight gain. Evid Rep
Technol Assess. 2008;(168):1-223.

Margerison Zilko CE, Rehkopf D, Abrams B. Association of maternal
gestational weight gain with short and long-term maternal and
child health outcomes. Am J Obstet Gynecol. 2010;202:574.e1-8.
doi:10.1016/j.aj0g.2009.12.007

Mestrovic¢ Z, Roje D, Vuli¢ M, Zec M. Calculation of optimal
gestation weight gain in pre-pregnancy underweight women due
to body mass index change in relation to mother’s height. Arch
Gynecol Obstet. 2017;295:81-6. doi:10.1007/s00404-016-4218-3
IOM (Institute of Medicine). NRC (National Research Council).
Weight gain during pregnancy: reexamining the guidelines.
Washington, DC: The National Academies Press; 2009.

Medicine Institute of Nutrition during pregnancy. Part |, Weight
Gain. Washington, DC: National Academy Press; 1990.

Straube S, Voight M, Briese V, Schneider KT, Voight M. Weight gain
in pregnancy according to maternal height and weight. J Perinat
Med. 2008;36:405-12. doi:10.1515/JPM.2008.073

Roje D, Tadin I, Marusic J, Vulic M, Aracic N, Vucinovic M. Birth
weights and birth lengths of newborns from the town of Split
(Croatia)- The importance of developing own standards. Ginecol
Perinatol. 2005;14:66-74.

Roje D, Banovic |, Tadin |, Vucinovi¢ M, Capkun V, Barisic A, et

al. Gestational age-the most important factor of neonatal
ponderal index. Yonsei Med J. 2004;45:273-80. doi:10.3349/
ym;j.2004.45.2.273

Crane JM, White J, Murphy P, Burrage L, Hutchens D. The effect

of gestational weight gain by body mass index on maternal

and neonatal outcomes. J Obstet Gynaecol Can. 2009;31:28-35.
doi:10.1016/51701-2163(16)34050-6

Carvalhaes MA, Gomes Cde B, Malta MB, Papini SJ, Parada CM.
Prepregnancy overweight is associated with excessive weight
gain during pregnancy. Rev Bras Ginecol Obstet. 2013;35:523-9.
doi:10.1590/50100-72032013001100008

Wax JR. Risk and management of obesity in pregnancy: current
controversies. Curr Opin Obstet Gynecol. 2009;21:117-23.
doi:10.1097/GCO.0b013e328328d3c7

Knight-Agarwal CR, Williams LT, Davis D, Davey R, Cochrane

T, Zhang H, et al. Association of BMI and interpregnancy BMI
change with birth outcomes in an Australian obstetric population:
a retrospective cohort study. BMJ Open. 2016;6:e010667.
doi:10.1136/bmjopen-2015-010667

McDonald SD, Han Z, Mulla S, Beyene J. Overweight and obesity
in mothers and risk of preterm birth and low birth weight infants:
systematic review and meta-analyses. BMJ. 2010;341:c3428.
doi:10.1136/bmj.c3428

Subhan FB, Colman |, McCargar L, Bell RC. APrON Study Team.

www.cmj.hr


www.icmje.org/coi_disclosure.pdf
www.icmje.org/coi_disclosure.pdf
https://doi.org/10.1055/s-0034-1368462
https://doi.org/10.2105/AJPH.91.3.436
https://doi.org/10.1016/j.ajog.2014.02.004
https://doi.org/10.1097/GCO.0b013e328332d24e
https://doi.org/10.1016/j.ajog.2009.12.007
https://doi.org/10.1007/s00404-016-4218-3
https://doi.org/10.1515/JPM.2008.073
https://doi.org/10.3349/ymj.2004.45.2.273
https://doi.org/10.3349/ymj.2004.45.2.273
https://doi.org/10.1016/S1701-2163(16)34050-6
https://doi.org/10.1590/S0100-72032013001100008
https://doi.org/10.1097/GCO.0b013e328328d3c7
https://doi.org/10.1136/bmjopen-2015-010667
https://doi.org/10.1136/bmj.c3428

514 RESEARCH ARTICLE

19

20

Higher pre-pregnancy BMI and excessive gestational weight gain
are risk factors for rapid weight gain in infants. Matern Child Health
J.2017;21:1396-407. d0i:10.1007/510995-016-2246-z

Asplund C, Seebusen D, Callahan T, Olsen C. Percentage Change in
antenatal body mass index as a predictor of neonatal macrosomia.
Ann Fam Med. 2008;6:550-4. doi:10.1370/afm.903

Koukoura O, Sifakis S, Spandidos DA. DNA methylation in

the human placenta and fetal growth [review]. Mol Med Rep.

2012;5:883-9. doi:10.3892/mmr.2012.763

www.cmj.hr

21

Croat Med J. 2019;60:508-14

Filiberto AC, Maccani MA, Koestler D, Wilhelm-Bernartzi C, Avissar-
Whiting M, Banister CE, et al. Birthweight is associated with DNA
promoter methylation of the glucocorticoid receptor in human

placenta. Epigenetics. 2011;6:566-72. doi:10.4161/epi.6.5.15236


https://doi.org/10.1007/s10995-016-2246-z
https://doi.org/10.1370/afm.903
https://doi.org/10.3892/mmr.2012.763
https://doi.org/10.4161/epi.6.5.15236

