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Maternal pre-pregnancy BMI, gestational weight gain and
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BACKGROUND/OBJECTIVES: The aims were to investigate the association of maternal pre-pregnancy body mass index (BMI) and

gestational weight gain (GWG) with breastfeeding (BF) duration and BF pattern at 3 months of age.

SUBJECTS/METHODS: This was a prospective cohort study of 4231 children who were enrolled at birth and were followed-up at 3,
12, 24 and 48 months of age to gather information on maternal and offspring characteristics including BF patterns and BF duration.

Maternal pre-pregnancy BMI was categorized according to the WHO classification and GWG according to the 2009 Institute of
Medicine recommendations. Cox’s proportional hazards model was used to assess whether pre-pregnancy BMI and GWG were

associated with BF and exclusive breastfeeding (EBF) duration. Predicted probabilities of BF patterns at 3 months were estimated by

multinomial logistic regression.

RESULTS : Information on BF was available to 4011 infants. The total BF and EBF median durations were 7.0 months and

1.5 months, respectively. There were no differences in duration of any BF or EBF according to pre-pregnancy BMI or GWG
categories. There was an increased predicted probability for weaning before the age of 3 months among infants from obese
women, compared with those from mothers with normal pre-pregnancy BMI, with margins adjusted predictions of 0.36 (95%
confidence interval (Cl) 0.31-0.41) and 0.23 (95% Cl 0.21-0.25), respectively.

CONCLUSIONS: Infants from pre-pregnancy overweight/obese mothers presented higher probability of early weaning compared
with infants from normal-weight mothers. Obese/overweight pregnant women need supplementary guidance about BF benefits to

infant health during prenatal and postnatal care.
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INTRODUCTION

The obesity prevalence is increasing worldwide and particularly in
high-income countries is an emergent problem in public health.’
This condition elevates the risk of several non-communicable
diseases® and is considered as a major risk factor for women
morbidity and mortality during the reproductive age.® Epidemio-
logic studies suggest that maternal obesity can be considered as a
risk factor to adverse breastfeeding (BF) outcomes.*® The
association of maternal obesity and inappropriate BF can
represent major risk to children health and development® It is
not clear whether the timing of adiposity gain can differently
impact BF outcomes. Although pre-pregnancy body mass index
(BMI) and gestational weight gain (GWG) are strongly correlated,”
their independent effect over BF outcomes needs to be explored.

Nonetheless, information on maternal behavioral modifiable
determinants of BF duration is lacking at the literature®®
Therefore, the aims of the present study were to investigate the
association between maternal pre-pregnancy BMI and GWG on BF
duration and on patterns of BF at 3 months of age among children
from the 2004 Pelotas Birth Cohort (Brazil).

MATERIALS AND METHODS

During 2004, a birth cohort study was started in Pelotas, Southern Brazil. All
births from residents in the urban area of the city were enrolled (4231 live
births). Newborns were examined and mothers interviewed during their
stay in the five hospitals of the city (99% of deliveries). Infants were visited

at home for another examination at 3 months (95.7%), 12 months (94.3%),
24 months and 48 months (92.0%) of age.10 The present study included
only single births.

Maternal variables

Pre-pregnancy BMI was calculated as kg/m” Maternal weight at the
beginning of pregnancy was extracted from prenatal card or when absent
by self-report. Maternal height was measured in the first follow-up at
3 months post partum.'® Maternal pre-pregnancy BMI was categorized
according to the WHO classification as underweight (< 18.5 kg/m?),
normal weight (18.5-24.9 kg/m?), overweight (25.0-29.9 kg/m?) and obese
(>30.0 kg/m?)."" GWG in kg was calculated as the difference between pre-
pregnancy weight and the last register of weight in the prenatal card at
delivery. According to the Institute of Medicine (IOM), underweight women
category should aim to gain 12.5-18.0 kg during pregnancy; those with
normal BMI, 11.5-16.0 kg; the overweight, 7.0-11.5 kg; and the obese, 5.0-
9.0kg? Both preterm and post-term pregnancies were adjusted to
recommended ranges, using the expected weekly weight gain.'"'?
Maternal GWG categories were then defined as gaining above the
recommended amount, gaining the recommended amount, or gaining
below the recommended amount (excessive, sufficient and insufficient
weight gain, respectively).'?

Several maternal covariates obtained from the perinatal study were
included as self-reported: maternal years of formal education (continuous);
skin color and categorized as white, black, mulatto/brown, mixed or others;
smoking (yes/no) and alcohol consumption (yes/no) during the pregnancy;
history of diseases (arterial hypertension and diabetes mellitus) during the
pregnancy. Variables measurement or extracted from prenatal card: family
monthly income at birth (continuous variable); parity (primiparous/
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multiparous); maternal age (continuous); and type of delivery (vaginal or
caesarian section).'®

Children variables

At the 3 month, 12 month and 24 month follow-ups, the frequency of
exclusive breastfeeding (EBF) and any BF was evaluated by means of a
personal interview with the mother."® Children were considered as on EBF
if they were given no other food or drink, not even water, except breast
milk (including milk expressed or from a wet nurse) for 6 months of life,
but allows the infant to receive oral rehydration salts, drops and syrups
(vitamins, minerals and medicines). Predominant BF means that the
infant's predominant source of nourishment has been breast milk
(including milk expressed or from a wet nurse as the predominant source
of nourishment). However, the infant may also have received liquids (water
and water-based drinks, fruit juice), ritual fluids and oral rehydration salts,
drops or syrups (vitamins, minerals and medicines). In partial BF if they
received breast milk, herbal tea, fruit juice, and/or water, other milk and/or
semisolids).'

Child anthropometric measurements, sex and gestational age were
collected at birth. Gestational age was estimated using an algorithm
proposed by the National Center for Health Statistics based on the last
menstrual period.”” If the birth weight, length and head circumference
were inconsistent with the normal curves for the gestational age
calculated, or if the date of the last menstrual period was unknown,'®
then gestational age was determined using the Dubowitz method, which
was performed on almost all newborns."”

Statistical analysis

Statistical analyses were carried out using Stata version 12.0 (StataCorp,
College Station, TX, USA). The median duration of any BF and EBF was
calculated in months but to survival analyses the duration was converted
in days. EBF survival was defined as the time interval between onset of EBF
and the introduction of water, herbal teas or other types of milk or other
foods. BF duration was defined as the time elapsed interval between onset
of any BF and total interruption of BF. Any BF and EBF survival were
estimated by Cox regression. To test whether proportional hazard
assumption was held, a test of interaction between independent variables
and time was performed. The models assume that the hazard rate is
constant over time. Statistically significant interaction between any BF
duration and maternal smoking during pregnancy as well as between EFB
duration and parity were found; so, subsequent analyses were stratified
according to these variables.

To examine whether BF patterns at 3 months of age differed according
to pre-pregnancy BMI and GWG adjusted to covariates the multinomial
logistic regression was used. We used the marginsplot STATA command to
plot the probabilities of BF patterns by maternal pre-pregnancy BMI and
GWG categories. All analyses were adjusted for maternal age, mother's
schooling, socio-economic level, mother's skin color, parity, smoking
during pregnancy, alcohol consumption, history of diseases (arterial
hypertension and diabetes mellitus), child sex, birth weight, gestational
age at birth and type of delivery.

RESULTS

Information on offspring BF and maternal pre-pregnancy BMI was
available for 3757 infants and on offspring BF and maternal GWG
for 3723 infants. All variables except maternal age and child sex
had significantly losses comparing with the original population.
Mean values of maternal age, schooling, pre-pregnancy BMI and
GWG were 26.1 years (s.d. 6.8), 8.5 years (s.d. 3.5), 24.2 kg/m2 (s.d.
4,67) and 124 kg (s.d. 6.1), respectively. Table 1 summarizes the
population characteristics. At birth, 20.4% of families were on the
poorest quintile of monthly income, 61.7% mothers had white skin
color, 39.7% were primiparous and 27.5% of them smoked during
pregnancy. Less than 5% of the mothers (4.9%) were underweight,
61.0% were in normal weight, 23.2% were overweight and 10.9%
were obese. In accordance of IOM GWG classification: 30.4%
gained insufficient, 36.0% sufficient and 33.6% excessive weight
during pregnancy.
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Table 1. Characteristics of participants in the original cohort and the
percentage analyzed (2004 Pelotas Birth Cohort; Pelotas, Brazil)
Co-variables Original Available Available
cohort information at information
N (%) 3 months of at 12 months
age of age
N (%) N (%)
Total 4147 4011 3757
Family monthly income P=0.002 P < 0.001
(quintiles)
1 (poorest) 846 (20.4) 806 (20.1) 709 (18.9)
2 841 (20.3) 803 (20.0) 737 (19.6)
3 802 (19.3) 782 (19.5) 745 (19.8)
4 846 (20.4) 829 (20.7) 795 (21.2)
5 (wealthiest) 812 (19.6) 791 (19.6) 771 (20.5)
Schooling, years P=0.006 P < 0.001
Up to 4 639 (15.6) 608 (15.3) 505 (13.6)
5-8 1691 (41.2) 1629 (41.0) 1520 (40.8)
9-11 1362 (33.2) 1334 (33.6) 1301 (34.9)
=12 414 (10.1) 402 (10.1) 394 (10.6)
Maternal skin color P=0.05 P < 0.001
White 2528 (61.7) 2459 (62.0) 2340 (62.9)
Black 675 (16.5) 648 (16.3) 584 (15.7)
Mulatto/Brown /Others 896 (21.9) 858 (21.6) 796 (21.4)
Maternal age, years P=0.59 P=0.46
<20 792 (19.1) 762 (19.0) 713 (18.9)
20-35 2919 (70.4) 2825 (70.5) 2656 (70.6)
>35 434 (10.5) 422 (10.5) 388 (9.4)
Primiparity P=0.87 P < 0.001
Yes 1644 (39.7) 1591 (39.7) 1541 (41.0)
No 2502 (60.3) 2419 (60.3) 2215 (59.0)
Smoking (pregnancy) P=0.01 P < 0.001
Yes 1142 (27.5) 1092 (27.2) 995 (26.5)
No 3005 (72.3) 2919 (72.8) 2762 (73.5)
Child’s sex P=0.36 P=0.82
Boy 2157 (52.0) 2081 (51.9) 1952 (52.0)
Girl 1990 (48.0) 1930 (48.1) 1805 (48.0)
P-value: x*-test. Single birth participants.

Survival analysis

The total BF (n=3738) and EBF (n=3901) median durations were
7.0 months and 1.5 months, respectively. There were no
differences in duration of any BF or EBF according GWG
categories. In relation with pre-pregnancy BMI the median
durations of exclusive and total BF were decrease in underweight
and obese groups (Table 2). In smoking mothers, the survival
analysis adjusted to maternal and child covariates indicated some
effect of mothers' obesity on duration of any BF compared with
normal-weight mothers, with a hazard ratio (HR) for weaning of
1.50 (95% confidence interval (Cl) 1.18-1.90). The adjusted HR also
showed that maternal obesity and overweight were significantly
associated with shorter duration of EBF (HR 1.49, 95% Cl: 1.18-1.87
and HR 1.18, 95% Cl: 1.02-1.37), respectively. The survival time of
any BF (stratified by maternal smoking in pregnancy) and EBF
(stratified by parity)over the time for pre-pregnancy BMI
categories are shown in Figures 1 and 2.

Proportional hazard regressions showed no effect of GWG
categories on duration of any BF: HR 1.02 (95% Cl 0.93-1.11) and
HR 0.99 (95% Cl 0.91-1.08) for insufficient and excessive GWG,
respectively, compared with women with sufficient GWG; or on
duration of EBF: HR 1.02 (95% Cl 0.94-1.12) for insufficient GWG
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and HR 1.07 (95% ClI 0.97-1.60) for excessive GWG, as compared
with women with sufficient GWG.

Table 3 shows the prevalence of BF patterns at 3 months of
child's age according to pre-pregnancy BMI and GWG categories.
Information on BF patterns was available to 4011 infants: 27.0%
were given EBF; 18.1%, predominant BF; 28.8%, partial BF; and
26.0% had already been weaned. Mothers with normal pre-
pregnancy BMI had a higher proportion of infants in partial BF
(29.9%) and EBF (28.6%); the overweight mothers had tendency
by EBF (27.7%) and partial BF (26.8%); and more than one-third
(34.6%) of the infants from obese mothers had already been
weaned at the age of 3 months. Remarkably, mothers with
underweight BMI had a higher proportion of infants in weaned

Table 2. Median duration of total and exclusive BF according
maternal pre-pregnancy BMI and GWG (2004 Cohort Pelotas, Brazil)

Total BF (N=3738) Exclusive BF (N=3901)

Median (IQR) Median (IQR)

Total 7.0 (0.5; 46.0) 1.5 (0.06; 6.0)
Pre-pregnancy BMI
Underweight 5.0 (0.5; 36.0) 1.0 (0.03; 5.0)
Normal weight 7.0 (0.5; 42.0) 1.6 (0.06; 6.0)
Overweight 7.0 (0.5; 48.0) 1.5 (0.03; 6.0)
Obese 6.0 (0.3; 48.0) 1.2 (0.06; 6.0)
GWG (IOM)
Insufficient 6.5 (0.5; 46.5) 1.5 (0.03; 6.0)
Sufficient 7.0 (0.7; 44.0) 1.5 (0.06; 6.0)
Excessive 7.0 (0.5; 48.0) 1.5 (0.06; 6.0)

Abbreviations: BF, breastfeeding; BMI, body mass index; GWG, gestational
weight gain; IOM, Institute of Medicine; IQR, interquartile range. Excluded
the weaned.

Non-smoking mothers

Survival

0 100 200 300 400 500 600 700
Analysis time: days
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Figure 1.
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(30.4%) and partial BF (30.4%) and a lower proportion in
predominant (18.2%) and exclusive BF (21.0%).

Figure 3 shows the predicted probabilities for each maternal
pre-pregnancy BMI and GWG categories, averaging across BF
patterns categories. The marginal effects were obtained as
discrete differences. Between obese mothers, the average
probability of wean before completing 3 months after the delivery
was 0.36 (95% Cl 0.31-0.41) and among normal-weighted mothers
the average probability was 0.23 (95% Cl 0.21-0.25). So, among
infants from mothers with normal pre-pregnancy BMI the
probability of being weaned at the age of 3 months was in
average 13 percentage points lower than among infants from
obese mothers. No marginal discrete differences were found using
maternal GWG as predictor.

DISCUSSION

This study found three clear associations: first, infants of obese
mothers present an increased probability of weaning at 3 months
of age when compared with infants of normal-weight mothers.
Second, the observed interaction between maternal smoking and
pre-pregnancy BMI highlights the negative effect of obesity on
total BF duration in smoking mother’s subgroup. And third, the
interaction between parity and pre-pregnancy BMI emphasizes a
negative effect of obesity on EBF duration in primiparous mother's
subgroup. The GWG was not associated with any BF or EBF
duration after adjusting for confounding variables, findings
supported by some other observational studies.'®%°

The Pelotas BF median duration in 2004 (7.0 months) is higher
compared with 1982 (3.1 months) and 1993 (4.0 months).?'
However, both EBF (1.5 months) and BF median durations have
not achieved the current World Health Organization recommen-
dation during the first 6 and 24 months of life, respectively.?

Studies from high-income countries indicate a decrease in BF
initiation among obese women, compared with their normal-
weight counterparts.?® In the current study, any difference was

Smoking mothers

Survival
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= = Underweight ~—— == = Normal weight
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Adjusted survival analyses of total breastfeeding duration as assessed at 24 months post partum by pre-pregnancy BMI category,

among (a) non-smoking mothers (n = 2648) and (b) smoking mothers (n =939). Analyses controlled for maternal age, education, parity, history
of diseases in pregnancy (diabetes and arterial hypertension), alcohol consumption, child's sex, gestational age, birth weight and type of

delivery.

© 2016 Macmillan Publishers Limited

European Journal of Clinical Nutrition (2016) 431-436

433



Maternal pre-pregnancy BMI, GWG and breastfeeding

H Castillo et al

434
a Multiparus b Primiparus
14
0.8
— _ 06 A
© ©
= =
z z
B ®
@ 04
0.2 1
: : : : : 01 : : . :
0 50 100 150 200 0 50 100 150 200
Analysis time: days Analysis time: days
— — Underweight — - -~ Normal weight — — Underweight — - - - Normal weight
------- Overweight Obese - == ==-- Overweight Obese
Figure 2. Survival analyses for exclusive breastfeeding until 6 months post partum by pre-pregnancy BMI category, among (a) multiparus

(n=1968) and (b) primiparous (n =1382). Analyses controlled for maternal age, education, smoking, history of diseases (diabetes and arterial
hypertension), alcohol consumption, child's sex, gestational age, birth weight and type of delivery.

Table 3. BF pattern at 3 months of age according to maternal demographic, socio-economic, reproductive and behavioral characteristics, and to
child characteristics at birth (2004 Cohort Pelotas, Brazil)
Co-variables N (%) Breastfeeding pattern at 3 months of age P-value
Weaned Partial Predominant Exclusive
N (%) N (%) N (%) N (%)
Total 4011 1044 (26.0) 1157 (28.8) 726 (18.1) 1084 (27.0)
Pre-pregnancy BMI
Underweight 181 (4.8) 55 (30.4) 55 (30.4) 33 (18.2) 38 (21.0) < 0.001
Normal 2286 (60.9) 542(23.7) 683 (29.9) 408 (17.9) 653 (28.6)
weight
Overweight 877 (23.3) 222 (25.3) 235 (26.8) 177 (20.2) 243 (27.7)
Obesity 413 (10.9) 142 (34.6) 102 (24.7) 64 (15.5) 104 (25.2)
GWG (IOM)
Insufficient 1131 (30.4) 296 (26.2) 352 (31.1) 198 (17.5) 285 (25.2) 0.07
Sufficient 1355 (36.4) 334 (24.7) 386 (28.5) 241 (17.8) 394 (29.1)
Excessive 1237 (33.2) 324 (26.2) 321 (26.0) 241 (19.5) 351 (28.4)
Abbreviations: BMI, body mass index; GWG, gestational weight gain; IOM, Institute of Medicine. P-value: xz-test

found between pre-pregnancy BMI categories. In the majority of
observational studies, the obese women are at increased risk of a
shortened duration of any BF and of discontinuing BF earlier
compared with normal-weight women.* However, none of the
previous studies explored effect modification in multivariable
adjusted analysis but not all the studies included the socio-
economic status as a potential confounding factor in their
statistical analyses.

In smoking mothers, the effect of obesity on discontinuation of
any BF compared with normal-weight mothers could be due to a
lower number of antenatal care visits attended by smoking
mothers and consequently, less likely to breastfeed.”® Smoking
obese mothers may be less health conscious. Horta et al®
reported that family income, schooling and number of antenatal
care visits were inversely associated with the prevalence of
maternal smoking. In addition, there is biological plausibility to the
causal inference that maternal smoking increases the risk of early
weaning: nicotine increases dopamine secretion in the hypotha-
lamus, thereby reducing prolactin levels.2®
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Underweight multiparous mothers and obese primiparous
mothers had higher probability to discontinuing EBF before
3 months after delivery. Lactation can be considered a reproduc-
tive stress to women, thus promoting weight gain in chronically or
acute undernourished women in detriment of the infant growth;
women who are undernourished at the time of conception are
unlikely with improve their nutritional status during pregnancy.’

Further, clinical and behavioral factors could differentiate the
primiparous mothers: obesity is associated with obstetrical
complications in primiparous obese women, who are to be
considered risky patients at their arrival in the labor ward, and
specific obstetrical management must be planned to improve
maternal and neonatal outcomes.”® The primiparous intention to
EBF is higher than the rate of EBF after birth. Women who have
breastfed previously have significantly different BF experiences
than primiparous women.?

Other series of hypotheses trying to explain possible reasons
why overweight/obese women are less likely to breastfeed have
been proposed in the literature: (a) delayed lactogenesis and
lower prolactin response to suckling in obese women;?

© 2016 Macmillan Publishers Limited
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Figure 3.

Predicted probabilities of breastfeeding (BF) patterns at 3 months of age according to: (a) maternal pre-pregnancy body mass index

(BMI) categories (analyses controlled for family income, maternal age, education, parity, history of diabetes and arterial hypertension, alcohol
consumption, smoking, GWG, child's sex, gestational age, birth weight and type of delivery); (b) Gestational weight gain (GWG) in IOM
categories (analyses controlled for family income, maternal age, education, parity, pre-pregnancy BMI, history of diabetes and arterial
hypertension, alcohol consumption, smoking, child's sex, gestational age, birth weight and type of delivery).

(b) adipose tissue would act as a reservoir for steroid hormones
then leading to higher progesterone levels in obese women than
normal-weight;*® (c) large breast in obese women have been
associated with BF practical/mechanical difficulties;®' (d) mother
medical conditions (obstetric complications, cesarean section,
metabolic diseases, diabetes and polycystic ovary syndrome) in
overweight and obese women may lead to delayed
lactogenesis;*? (e) psychological factors in obese women (body
image dissatisfaction, post-partum depression, lack of confidence
about sufficient milk supply)®® can turn them less likely to
continue BF than normal-weight or non-depressed women; and (f)
socio-cultural environment, lower socio-economic status, smoking
mothers have lower intention to breastfeed.®*>*

The strength of this study was the large cohort, the population-
based recruitment, the nature of data collection and the high
percentage of children followed-up at age 3 (95.7%), 12 (94.3%)
and 24 (92.0%) months.'® More than 90% of children from all the
categories of the baseline characteristics were available for the

© 2016 Macmillan Publishers Limited

current analyses. However, the accuracy of the self-reported pre-
pregnancy weight as gathered from some of the mothers is a
limitation; a degree of measurement error can be expected. The
adult weight is generally underestimated by self-reported
measures, especially in overweight and obese groups and
overestimated in underweight groups.>® Even though, the high
correlation between weight measurement and self-reported
weight would allow for adequate BMI category classification.*®

CONCLUSION

In summary, after allowing for confounders, this study found that
maternal pre-pregnancy overweight and obesity are negatively
associated with duration of any BF and EBF. BF is indispensable for
children's health. The protective effect of BF is against all-cause of
mortality in infants. Children who are not breastfed have repeated
infections and hospitalizations.>” It is possible that the higher
proportion of underweight and obese mothers that were no
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longer BF at 3 months of age is due to biological reasons and
guidance or information on BF will not work, as women are simply
not able to follow the recommended guidelines. This study
identified underweight, overweight and obese women population
as risk groups to early weaning and uncovered the necessity to
focalize a supplementary guidance about BF benefits to mother
and infant health during prenatal and postnatal care. Moreover, it
is necessary to create heath strategies of promotion, prevention
and support to follow the recommended nutritional status
according to BMI classification in reproductive age women
population.
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