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Data from the INCAP longitudinal study and 1996-1999 follow-up were used to
explore the association of total and timing of gestational weight gain (GWG) with
postpartum weight retention (PWR) and the risk of developing overweight and obesity
at 6 months postpartum in rural Guatemalan women. The contribution of genetics to

the variability of GWG was also explored.

Total and timing of GWG and postpartum weight retention: Women with a pre-
pregnancy BMI < 30 kg/m? retained more weight with increasing GWG. We also
found that for women who started pregnancy overweight (BMI = 25-29.9 kg/m?) for
every month of predominantly exclusive breastfeeding, the PWR at 6 months
decreased by 0.8 kg (p< 0.0001), whereas in women who started pregnancy with BMI
< 25 kg/m? there was no association between breastfeeding practices and weight

retention (Interaction p-value= 0.03).

The PWR at 6 months was associated with late GWG, but not with early GWG. Late
GWG of 100 g/wk or 2.0 kg for the last half of pregnancy was associated with an

increase 1.0 kg in PWR at 6 months.

Total and timing of GWG and risk of becoming overweight and obese at 6 months
postpartum: After adjusting for initial BMI and breastfeeding practices, the risk of
becoming overweight by six months postpartum increased by 40% for every kg of net
GWG in women with pre-pregnancy BMI between 20 and 24.9 kg/m?, and the risk of

becoming obese increased by 200% for every kg of net GWG in women with pre-



pregnancy BMI between 25 and 29.9 kg/m?. The risk of becoming overweight was
reduced in women with the most intensive breastfeeding patterns. The late GWG, but
not early GWG, was associated with greater risk of becoming overweight at 6 months

postpartum.

Heritability of weight change during pregnancy: Our analysis lacked statistical power
to test whether weight change during pregnancy is inherited. Studying whether the
high variability in weight change during pregnancy has a genetic basis is of clinical
and public health interest thus better approaches to address the question need to be

explored.
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CHAPTER 1

INTRODUCTION

Obesity and chronic diseases have become serious public health problems
worldwide. In the U.S. data from the Behavioral Risk Factor Surveillance System
indicate that 20.2% of men and 19.4% of women had a BMI (Body mass index) > 30
kg/m? [1]. In the last decade the prevalence of overweight and chronic diseases has
also increased in developing countries [2].

In Latin America, the prevalence of women with a BMI > 25 kg/m?,
considered as overweight and obese by WHO (World Health Organization)
classification ranges from 11.5 % in Haiti to 44.9% in Peru, 38% in Dominican
Republic, 34.2% in Guatemala and 33.5% Mexico. The prevalence seen in different
countries of Latin America is not much lower than the prevalence of overweight and
obesity seen in US women (41.4%). These figures indicate that obesity is a public
health concern among Latin American women [3].

Pregnancy-related weight gain has emerged as a potential cause of increased
adiposity. There is evidence from animal, clinical, and epidemiological studies that
pregnancy might be related to obesity and changes in total fat mass and fat distribution
in women. Pregnancy is a critical period during which good maternal nutrition is a key
factor influencing the health of both the child and the mother [4]. Maternal weight
gain during pregnancy is an important determinant of fetal growth and mother’s
health.

Low maternal weight gain has been linked to limitations in fetal growth, and
there is some evidence that low maternal weight gain is associated with increased risk

of pre-term delivery [5]. On the other hand, excessive maternal weight is associated



with macrosomia (babies with birth weight >4000 g or >90™ percentile of weight for a
given gestational age) and, caesarean delivery [6].

Reproduction has been identified as a possible cause of undernutrition among
women in developing countries (maternal depletion) [7]. Meanwhile, in developed
countries, excessive weight gain during pregnancy has been considered a possible

cause of postpartum weight retention and obesity in women [8].

It is well known that the effect of one reproductive event on maternal
nutritional status will depend on the maternal nutritional status at conception, and
during pregnancy (measured as weight gain during pregnancy) and behaviors during
postpartum period (i.e. diet, breastfeeding practices) among other maternal

characteristics [9].

The role of the reproductive process on postpartum weight retention and
obesity in women from developing countries has been poorly explored. Specifically
the effects of weight gain during pregnancy and its interaction with pre-pregnancy and
postpartum maternal characteristics on postpartum weight retention (PWR) in women
from developing countries has yet to be explored.

The objectives in the current dissertation were to explore:

a) The association of total gestational weight gain (GWG), as well as its

patterns, with postpartum weight retention (PWR) at 6 months in
Guatemalan women

b) The modifying effects of pre-pregnancy weight and breastfeeding

practices on postpartum weight retention.

C) The association of total GWG and its pattern with:

1) risk of having a high postpartum weight retention at 6

months



2) the risk of increasing BMI category from pre-pregnancy to
6 mo postpartum in Guatemalan women who started
pregnancy with a BMI between 20 and 29.9 kg/m?.
d) The contribution of genetics to the variability of weight changes

during pregnancy in rural Guatemalan women.

The chapter 2 includes an extensive literature review on the weight gain and
postpartum weight retention. Some gaps in current knowledge of the topic are
highlighted. Chapter 3 describes the findings of the association of weight gain during
pregnancy (total and its timing) and weight retention at 6 months postpartum. It
describes the effect of maternal pre-pregnancy characteristics and postpartum
behaviors on the association before mentioned. In chapter 4 the public health
implications of weight gain during pregnancy was explored. The association of weight
gain during pregnancy and the risk of becoming overweight and obese is described.
The contribution of genetics on the variability of GWG was explored in chapter 5.

Finally, in chapter 6 a general discussion, conclusions and summary are developed.
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CHAPTER 2

BACKGROUND AND CONCEPTUAL FRAMEWORK

Overweight and obesity as a public health problem in developing countries

Obesity and chronic diseases have become serious public health problems
worldwide. Results from the National Health and Nutrition Examination survey
(NHANES 1999-2002) in the U.S. [1] indicate that about 65% of US adults have a
BMI > 25 kg/m?, considered as overweight or obese by WHO (World Health
Organization) classification.

In developing countries, even though undernutrition, particularly stunting,
remains a problem of greatest concern [2, 3], some of them are experiencing important
health, nutrition and demographic transitions. The nutritional transition, the shift from
high prevalence of undernutrition to predominance of diet-related chronic diseases [4],
is caused by technological changes and innovations that lead to reduced work, and
leisure-related physical activity, and changes in food patterns and dietary intake,
including increased consumption of processed food, as well as food high in saturated
fat and refined sugar. The outcomes of all these changes associated with the nutrition
transition are increased levels of obesity and chronic and degenerative diseases [5].

According to a recent review (Martorell and Khan, 2000),the prevalence of
women in the western hemisphere with a BMI greater than 25 kg/m? ranges from 11.5
% in Haiti to 44.9% in Peru, with 38% in Dominican Republic, 34.2% in Guatemala
and 33.5% Mexico. The prevalence seen in different countries of Latin America is not

much lower than the prevalence of overweight and obesity seen in US women



(41.4%). The authors conclude from these figures indicate that obesity is a public
health concern among Latin American women [5].
Nutrition during pregnancy and fetal development

It is well recognized that pregnancy is a critical period during which good
maternal nutrition is a key factor influencing the health of both the child and the
mother [6]. Maternal weight gain during pregnancy is an important determinant of
fetal growth and mother’s health. Normal fetal growth is a positive function of the
weight gained during pregnancy modified by pre-pregnancy nutritional status [7].
There is some evidence that low maternal weight gain is associated with increased risk
of pre-term delivery [8]. On the other hand, excessive maternal weight is associated
with macrosomia (babies with birth weight greater than 4000 g or above the 90™
percentile of reference weight for a given gestational age) and, caesarean delivery [9].

Pregnancy has been usually divided into trimesters to study fetal growth, [10].
Each trimester represents a different process in fetal growth and development:

e First trimester (Conception to 13 weeks): Includes the embryonic
period, which consists of cell multiplication, cell differentiation, and
organogenesis. Growth occurs mainly by increase in cell number. This
period is of the greatest susceptibility to teratogens.

e Second trimester (14 to 26 weeks): Cell division continues at a slower
rate, but there is an increase in cell size. Maximal absolute increment in
length occurs at almost the 16th week.

e Third trimester (27 to 39 weeks): Cell division slows but cell size
increases; the fetus doubles its weight and amount of body fat between
the 26™ and 35th week.

There is epidemiologic evidence that timing of gestational weight gain is a

determinant of the size of the newborn. Recently, Brown and colleagues [11] found in



healthy, well- nourished U.S. women that maternal weight change in the first trimester
of pregnancy had a greater influence on newborn size than weight change in the
second or third trimester. Maternal weight gain in the first and second trimesters
predicted newborn size (1.0 kg gestational weight gain in the first trimester predicted a
31 g increase in newborn weight, and 1.0 kg maternal weight gain in the second
trimester predicted a 26 g increase in birth weight). Net maternal weight gain (gross
maternal weight gain minus birth weight) in the third trimester did not predict birth
weight. Brown’s study confirmed the earlier findings of Li and colleagues [12] for a
chronically undernourished Guatemalan population. They reported that maternal
nutritional status (defined by anthropometric measurements such as weight and
skinfolds) in the first half, rather than in late pregnancy, is a more important
determinant of fetal growth in weight, length and head circumference. Recently,
Neufeld and colleagues [13] reported results in the same direction in the daughters of
the population Li et al. studied. Neufeld et al. conducted a longitudinal study between
1996-1999 of 154 Guatemalan women born between 1962 and 1977. They studied the
relationship between maternal weight gain during different stages of pregnancy and
the linear growth of fetus, measured in terms of femur and tibia length by ultrasound
conducted at the17"™ and 30" weeks of pregnancy. Maternal weight gain from week 10
to 20 was associated with fetal femur and tibia length at gestational weeks 17 and 30
(p<0.05) and infant length at birth (p<0.001). In contrast, maternal weight gain during
the 20" to 30™ weeks was not associated with fetal linear growth.
Nutrition during pregnancy and maternal health

Reproduction has been identified as a possible cause of undernutrition among
women in developing countries (maternal depletion) [14]. Meanwhile, in developed
countries, excessive weight gain during pregnancy has been considered a possible

cause of postpartum weight retention and obesity in women [9]. There is evidence



from animal, clinical, and epidemiological studies that pregnancy might be related to
obesity and changes in total fat mass and fat distribution in women. The role of the
reproductive cycle on women’s health in countries undergoing a nutrition transition

has not yet been explored.

Gestational weight gain (GWG) and current recommendations

Pregnancy is characterized by anabolic processes in which there is an increase
in blood volume, mammary tissue, fat-free mass, and fat mass. All these increases are
responses to a sequence of complex neuroendrocrine and biochemical stimuli that
follow conception and which are modified in their expression by the environment [15].

The components of maternal weight gain during pregnancy can be divided in
two parts: the products of conception and maternal tissue accretion [16]. The products
of conception comprise the fetus, placenta, and amniotic fluid. In normal pregnancies,
the contribution made by the fetus and placenta to total maternal weight gain is almost
40%. The fetus represents approximately 9% of the weight gain before 10 weeks, 23%
from 10 to 23 weeks, 41% from 20 to 30 weeks and 54% from 30 to 40 weeks [17].

The maternal tissue accretion comprises the increase in blood volume, uterus,
and breasts, fat stores, extra-cellular fluid, and possibly other tissues [16, 17].
Expansion of the blood volume accounts for 10% of total gain. Most of the increase in
plasma volume occurs before week 34 of gestation. In women without generalized
edema, extra-vascular fluid volume accounts for approximately 13% of the total gain
[18].

Pregnancy weight gain recommendations are based on the assumption that
pregnancy increases energy requirement by a total of about 80,000 kcal over a
woman’s non-pregnancy energy needs [8]. This figure includes 36,000 kcal for an

increased basal metabolic rate to cover maintenance energy requirements and 44,000



kcal for the synthesis of new tissues, including the fetus, and 3-4 kg body fat stored in

the maternal body [19].

Table 2.1 Recommended weight gains for pregnant women from 1970-1990

Source Recommended total

weight gain (kg)

National Research Council (U.S.), 1970 11.0
Hytten and Leitch (U.S), 1971 125
Health and Welfare (Canada), 1986 10.0-14.0

Institute of Medicine (U.S.), 1990
Pre-pregnancy BMI (kg/m?)

<1938 12.5-18
19.8-25.9 11.5-16
26-29 7-11.5
>29 At least 7

Data source: [20]

General recommendations for gestational weight gain in the U.S. and Canada
have gradually increased from values of 7 to 8 kg in the 1950’s to the currents
recommendations in Table 2.1. The current Institute of Medicine (IOM) guidelines
[18] recommend a range of weight gain based on the maternal pre-pregnancy body
mass index (BMI). It is important to recognize three issues about the IOM
recommendations. First, they are based mainly on epidemiologic evidence, from
developed countries, concerning the effects of gestational weight gain on birth weight
as a reflection of fetal growth. Second, weight gain recommendations are dependant
on pre-pregnancy weight for height [17]. Women who start pregnancy thinner need a
greater GWG to have a good pregnancy outcome (defined as birth weight > 3000 g),
compared to heavier women. Finally, the range of GWG of women who delivered

infant weighing more than 3000 g is very wide. The WHO collaborative study [17] on



maternal Anthropometry and Pregnancy Outcomes reviewed information on 110,000
births from 20 different countries. The study showed that for the same pregnancy
outcome, (infant’s birth weight > 3000g), women from developed countries gained on
average 13.5 kg during pregnancy, whereas in women from developing countries
gained on average 10.5 kg. However, it is not known whether the extra weight gained
by women from developed countries represents a benefit in terms of maternal lactation
performance and general health, nutritional status, or reflects a greater risk for
excessive postpartum weight retention and development of obesity.

Gestational weight gain differs widely among healthy women delivering
single, full-term infants, partly because of differences in maternal characteristics such
as biological, demographic, socio-cultural, and behavioral factors [21]. Biological
determinants of gestational weight gain may be influenced by interrelated social or
psychological factors [22]. Table 2.2 summarizes determinants of gestational weight
gain. These determinants can be associated either positively or negatively with an

adequate GWG.

Patterns of GWG

Although the practice of monitoring maternal weight gain is widespread,
information on the pattern of gestational weight gain is limited [23], especially for
pregnant women from developing countries [24]. Most of the research on gestational
weight gain has focused on the total amount of weight gain and its influence on fetal

outcomes.
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Table 2.2 Determinants of gestational weight gain

Determinant

Direction of association

References

Sociodemographic

Maternal age

Positive/negative

(Not consistent)

[14, 16, 23, 25, 26]

Parity Negative [16, 25, 26]

Ethnicity For Black, Hispanic and Asian | [16, 21, 25]
women: Negative

Socioeconomic status Positive (developed countries) [16, 21]

Nutritional

Pre-pregnancy nutritional status:

Weight for height, maternal
height and BMI

Negative (developed countries)

Positive (developing countries)

[16, 21, 25-28]

llIiness

Maternal hypertension Positive [25, 28]
Behavioral

Dietary intake Positive [16, 26, 27]
Physical activity Negative [16, 26, 27]
Cigarette smoking Negative [6, 21, 26, 27]
Use of alcohol and illegal Negative [6, 16, 21, 26, 27]

substances

1 Compared to white women

In general, the pattern of gestational weight change that has been reported
from developed and developing countries consists of a gain that is slow in the
beginning of the pregnancy and faster during the second trimester, with a slight
deceleration during the third trimester [25, 29]. The low weight gain during the first
trimester might be explained by low dietary intake resulting from the nausea that a

large proportion of women experience early in pregnancy [24].
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Fat gain during pregnancy

Amount of fat accumulated during pregnancy: Hytten and Leitch [19] estimated the
amount of weight increment due to fetal and maternal tissue, and the average gain in
fat-free body weight was found to be approximately 9 kg. The remaining 3-4 kg is
assumed to be fat, equivalent to about 32,000 kcal of stored energy [30]. Adaptations
in maternal lipid metabolism during pregnancy are directed toward the needs of the
fetus for lipid substrates and maternal requirements for lipid stores serving as an
energy reserve for lactation [31, 32].
Neville (1990) describes three general types of maternal adaptation in lipid
metabolism:
1) The flux of fatty acids from the mother to the fetus (particularly essential fatty
acids and long-chain polyunsaturated fatty acids)
2) Anincrease in intestinal absorption of nutrients that accompanies the increased
nutrient requirement
3) Maternal adipose stores are increased
Regarding the latter lipid metabolism adaptation, studies in rats show that the
increase in maternal fat depots takes place during the first-two thirds of gestation and
are a consequence of both hyperphagia, which is present in both humans and in rats,
and enhanced adipose tissue lipogenesis [33]. However, others authors suggest that in
humans hyperphagia is insufficient to account for the increase in fat depots [34].
During pregnancy in humans, the adipose tissue experiences site-specific
changes. Some examples of these changes are variation in:
e Lipoprotein lipase activity (enzyme involved in the regulation of fat cell
triglyceride deposition, a key regulator of fat accumulation)
e Hormone-sensitive lipase (enzyme involved in the release of fatty acids from

adipose tissue), and

12



e Response of adipose tissue to catecholamines (regulators of lipolysis in human
fat cells through inhibition or enhancing hormone-sensitive lipase) [35].

Rebuffé and colleagues [36] found that adipose tissue accumulation was
favored in the femoral region in young women both during pregnancy and non-
pregnant conditions. This is result of an increased lipoprotein lipase (LPL) activity in
the femoral region. The higher LPL activity in the femoral region was even further
accentuated during pregnancy. However, during lactation, the LPL activity decreases
and lipolysis is increased in femoral adipose tissue, [37], confirming the potential role
of fat accumulation during pregnancy as a fuel for lactation.

Epidemiological studies, mostly from developed countries, have examined
changes in the content of body fat during reproductive events using different types of
populations, study designs and methods of measuring fat content. Thus, there is some
variation in the results obtained [38]. For example, the mean total body fat deposition
during pregnancy ranged from 2.7 + 2.2 kg in a sample of women from the
Netherlands and 2.8 + 3.2 kg in a sample from United Kingdom to 5.8 + 4.0 kg in a
sample from Sweden. The coefficient of variation within each of the studies was >
65% [39]. One factor that might explain the variation between studies is the fact that
few studies were started before pregnancy, therefore, the first measurements were
made during early gestation. This may have influenced estimates of total fat gain
during pregnancy. Furthermore, given the different measurement methods used, it is
not possible to conclude whether the discrepancies in the different studies reflect a true
variation between populations [38].

Studies from developed countries suggest that the amount of fat gained during
pregnancy is associated positively with total gestational weight gain [31, 40].
Sholstrom and colleagues (1995) found in Swedish women with a total weight gain

more than 20 kg (range: 22.6-32.0 kg, n=4), fat accounted for 10.8 + 2.1 kg of this
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gain, compared to a fat gain of 2.9 + 2.6 kg when the total mean weight gain was 12.6
+ 2.6 kg (n=11).

Furthermore, the amount of fat accumulated during pregnancy is associated
with pre-pregnancy nutritional status. Data from both developed and developing
countries indicates that fat gain during pregnancy is negatively correlated with pre-
pregnancy body weight [41]; [22]. In well-nourished (mean BMI of 23.5 + 2.6 kg/m?)
Mexican women, a higher pre-pregnancy BMI (24-29 kg/m?) was associated with a
lower gestational weight gain and fat deposition compared to women with a lower pre-
pregnancy BMI (18.5-21.9 kg/m?) [41]. In well-nourished US women, Lederman and
colleagues (1997) found a correlation of -0.25 (p<0.0005) between pre-pregnancy
body weight and fat gain during pregnancy.

Timing of fat accumulation during pregnancy : There has been little agreement as to
when in pregnancy the major lipid accumulation occurs [42]. In 1991, Lindberg and
colleagues [43] found a higher LPL activity in the femoral compared to abdominal
region, but the LPL activity was not influenced by stage of pregnancy. Contrary to this
finding, Herrera [33] reports an accelerated deposition of fat during the first two-thirds
of gestation while there is an accelerated breakdown of fat deposits during the third
trimester.

Some studies, from developed countries, show that healthy women accumulate
a considerable amount of body fat especially in the first half of the pregnancy. Forsum
and colleagues [44] followed 22 healthy, non-obese Swedish women (mean age 28.7 y
+ 4), who were recruited before pregnancy. Total body fat gain during pregnancy,
estimated by total body water and total body potassium, was 5.8 + 4 kg and 60% was
already gained by the 16" gestational week. Sidebottom and colleagues. [45] studied
healthy, non-obese, middle age women from Minnesota, who were followed since pre-

conception. Subcutaneous fat, measured by skinfolds (thigh, sub-scapular and triceps),
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was accumulated between the 6™ and 35" weeks of gestation. Adair and colleagues
[46] found the same timing of fat accumulation in young women (19-30 years of age)
from Taiwan. The increase in triceps and sub-scapular skinfolds was greater during the
first trimester compared with the more modest increase in the second and third
trimester. In contrast, in well nourished, healthy, low to middle class Guatemalan
women, the major increase of body fat, measured by skinfolds and bio-impedance

techniques, was after the 16" week of gestation. [47].

Sites of fat accumulation during pregnancy: Studies from both developed and
developing countries indicate that the site with greater fat accumulation during
pregnancy is the thigh [48,12, 45]. However, in a study of Swedish women, Forsom
and colleagues found that the greater subcutaneous fat accumulation was at the sub-
scapular site [44]. Sidebottom and colleagues (2001) described in a US population
that from pre-conception through the third trimester of pregnancy, thigh skinfold
increased by 7.34 + 0.48 mm. This gain represents a 30% increase of the thigh cross-
sectional fat area. Taggart and col. [48] found, in a Scottish population, an increase of
5.3 mm in the mid thigh skinfold from week 10 to week 38 of gestation. In
undernourished Guatemalan women, Li and colleagues [12] observed an increase of
3.65 + 3.79 and 3.0 + 3.14 mm for lateral and anterior thigh respectively, from the first
through the third trimester of pregnancy.

The increase in the amount of subcutaneous fat in the thigh area is followed by
an increase in the subscapular and suprailiac skinfolds, representing central body fat
accumulation. This trend was seen in studies from both developed and developing
countries [48],[12], [45].

Most of the studies in both developed and developing countries showed no

significant changes on fat mass at the triceps and biceps sites [12],[45]. Furthermore,
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in one study from Scotland, triceps skinfold decreased during the last trimester of
pregnancy [48].

It is not known if the site where fat is accumulated is related to pre-pregnancy
nutritional status, the total gestational weight gain, or with the timing of weight
gained.

Little is known about whether fat accumulated during pregnancy is restricted to
the subcutaneous region. Only one study by Sohlstrom and Forsum [49] addressed this
question. The authors followed 15 Swedish women (mean age 29+5 years) from pre-
conception until 12 months postpartum. Measurements of weight, body composition
and fat distribution (measured by magnetic resonance imaging) were taken at pre-
conception, at 5-10 days postpartum and 2, 6, and 12 months postpartum. The women
had a GWG of 12.6 + 2.6 kg. The authors found that from an average fat gain of 4kg
during pregnancy, 76% was deposited subcutaneously. This subcutaneous fat was not
evenly distributed; 68% of the increase was deposited in the trunk and 16% in the
thighs.

In conclusion, most of the evidence on fat accumulation during pregnancy is
based on studies from developed countries. There is an agreement between clinical,
and epidemiological studies that there is an increased fat accumulation during
pregnancy and that this accumulation is preferentially located in the femur area.
However, from the literature available, it is not clear when during pregnancy fat
accumulation begins, nor whether pre-pregnancy nutritional status plays a role in the
timing of fat accumulation during pregnancy. More research is needed to address the
question of whether timing of fat accumulation is modified by pre-pregnancy
nutritional status in developing countries. Furthermore, research is needed to evaluate
whether the same effect of pre-pregnancy nutritional status on fat accumulation will be

seen in developing countries undergoing the nutrition transition.

16



Gestational weight gain and postpartum weight and fat retention

The current IOM recommendations for energy intake during lactation (extra
500 kcal/day) are based on the assumption that the efficiency of conversion of food
energy to milk is 80% and that 200 kcal/d is mobilized from maternal fat stores
accumulated during pregnancy [50]. However, a study in Indian, well-nourished
(average BMI early in pregnancy of 21.67), non-vegetarian women showed that the
extra energy required during lactation appeared to have been met mainly by increases
in energy intake, rather than by increased fat mobilization [50]. Eighteen women were
followed prospectively throughout pregnancy and lactation. Women gained 11.4 + 3.7
kg from week 12 to week 40, and of this, 3.1 + 3.6 kg was comprised of adipose
tissue. By weeks 12 and 24 of the postpartum period, the BMI was 22.8 + 2.7 and 22.7
+ 2.8 kg/m? respectively, indicating that women did not lose weight throughout this
lactation period (weight reduction from 12 to 24 weeks was 0.29 + 2 kg). At
postpartum week 12, women had a mean increase of 482 + 571 kcal/day in energy
intake compared with that at the 12" week of gestation. There was no difference in
energy intake between weeks 12 and 24 postpartum, although there was a trend toward
lower intakes at 12 weeks postpartum Butte and Hopkinson [51] state that according to
anthropometric data, women depend on mobilization of body fat to a limited extent
and therefore must increase dietary intake to meet the increased needs of lactation.
However, the energetic cost of the weight change can vary depending on the diet and
women’s nutritional status.

There have been several studies examining weight gain during pregnancy as a
determinant of postpartum weight and fat retention. Some studies have failed to find
an association between weight gain during pregnancy and weight retention at
postpartum, whereas other studies have found an association. It is necessary to

consider briefly some of the potential reasons for such divergent results:
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a) Study designs: Several authors have used a cross-sectional design to address this
question by examining the relationship between parity and body weight. However,
with this study design, it is not possible to control for a large number of potential
cofounders (e.g., change in social behaviors such as, decrease physical activity,
women staying at home, or changing diet with age) and to avoid recall bias. The
major variables, such as pre-pregnancy weight and weight gain during pregnancy,
rely on women’s recall. Thus, these studies may have found a relationship between
parity and body weight, but the relationship is often difficult to interpret given in
appropriate control for age effects on body weight in nonparous women controls.

b) Constraints in longitudinal studies:

1) In longitudinal studies in which each woman is her own control, women are
usually recruited after conception; thus, pre-pregnancy weight is recalled, not
measured.

2) The postpartum time in most of the studies is too short ( i.e one month), with
insufficient time to lose the weight retained following delivery.

3) Most studies fail to take into account the effect of aging on weight in the
follow-up period [34]; [52].

Taking into account the issues above, Harris and colleagues [34] conducted an
extensive literature review of studies examining the relationship between maternal
body weight and parity and weight gain during and after pregnancy. From studies that
included healthy women from the U.S., the authors concluded that, from pre-
pregnancy to the postpartum period, mothers gained on average 0.9 to 3.3kg more
weight than non-pregnant controls. After controlling for some social-behavioral
confounders, the effect remained at 0.4 to 3.0 kg greater postpartum weight. Johnston
[20] concluded that, for women who have the recommended gestational weight gain,

each successive birth there is about 1 kg of body weight added above that normally
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gained with age. Olson and colleagues [53] reported results in the same direction. In a
cohort study in New York State, 540 healthy women were followed from beginning of
pregnancy to one year postpartum. On average, they were 1.51 + 5.95 kg heavier at 1y
postpartum. The main determinants of postpartum weight retention were gestational
weight gain, frequency of exercise, change in food intake and breastfeeding practices.

Lederman [52] reviewed the literature on obesity, parity, and gestational and
postpartum weight changes and came to different conclusions. She concluded that on
average women gaining about 13.6 kg during the first pregnancy, were about 2.7 kg
heavier at the start of the next pregnancy. This effect was assessed after controlling for
several factors, including length of the inter-pregnancy interval. However, the authors
concluded that aging was the major determinant of weight increases associated with
parity. Furthermore, some women gained weight during the postpartum period,
suggesting that lifestyle factors can be significant determinants of weight gain during a
reproductive cycle. Ohlin and Rossner [54] reported similar results in a prospective
study of 1,423 women from Stockholm who were weighed pre-conception, during
pregnancy, and 12 months postpartum. Information on lifestyle was collected by
questionnaires at 6 and 12 months postpartum. Mean weight retention at 1 year
postpartum was 0.5 kg compared with the pre-pregnancy body weight. This weight
retention was greater in women who increased their energy intake during pregnancy
and increased their snack eating after pregnancy to three or more snacks per day.
Furthermore, women who had retained more than 5 kg at 1 year postpartum were less
physically active throughout the study period when compared to women with lesser
weight retention. The author concluded that postpartum weight retention is more
affected by a change in lifestyle during and after pregnancy.

Abrams and colleagues [9] stated that there is no evidence that weight gain

during pregnancy within the IOM recommendations results in substantive postpartum

19



weight retention. However, a substantial proportion of women in the U.S. gain much
more weight than recommended during pregnancy. In studies with average pregnancy
weight gains ranging from 12.6-14.1 kg, a larger percentage of the sample had weight
gains far above the upper limit of the recommendation [52].

Fat mass mobilization-Evidence from developed countries: When studying
changes in fat mass during the postpartum period, it is important to consider the
peculiarities of adipose tissue metabolism [55]. Rebuffé-Scrieve and colleagues [56]
found that tissue lypolisis and lipoprotein lipase activity from biopsies of femoral and
abdominal sites show different responses during lactation, with a greater lypolisis in
the femoral region.

During late pregnancy and at the beginning of lactation, fat mobilization varies
from site to site over the body and is not yet well understood [55]. Brewer and
colleagues [57] found that there is a decrease in subscapular and suprailiac skinfold
thickness over six months postpartum (p<0.01), with the suprailiac site showing the
greatest change by month 3 postpartum. Subscapular skinfold showed a significant
decrease as well; however, it became significant only after the third month
postpartum. On the other hand, the triceps skinfold increased from month 0 to month 3
(p< 0.01) and then returned to the initial postpartum values. This suggests a temporary
re-distribution of body fat as energy stores of pregnancy are mobilized. A trend for the
triceps skinfolds to increase was found by Dugdale and Colleagues [58] as well. One
hundred and seventy four Australian mothers were followed over 12 months during
postpartum period starting at two weeks. Measurements of weight and triceps skinfold
were taken on a monthly basis. The triceps skinfold increased significantly (13%) by
the fifth month postpartum.

According to Siega-Riz and colleagues [59], the rate at which weight and fat is

lost in the postpartum period varies greatly among women. Theoretically, most of the

20



excess of weight and fat stored during pregnancy are lost within the first 6 weeks after

delivery. However, body weight and fat mobilization during the postpartum period

result from interactions between multiple factors. Drawing from research findings of

Butte and Hopkinson [51] and Winkgvist and Rasmussen [60], some of these factors

are:

o Factors affecting energy balance in women:

o] Breastfeeding (duration and intensity)

o Dietary intake

o] Physical activity

o] IlIness

o] Overlap between lactation and new pregnancy
. Maternal characteristics:

(o] Pre-pregnancy nutritional status

(o] Weight gain during pregnancy

o] Age

(o] Parity

o] Marital status

o] Race/ethnicity

o] Socio-economic status

o Smoking

The strongest determinants of postpartum weight and fat mass change are

maternal nutritional status during previous reproductive cycles [60] and gestational

weight gain [51].

Maternal nutritional status modulates the mobilization of fat mass during

lactation [55]. Depending on the nutritional status, the fat mass can be mobilized at

different rates and at different times.
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Even though longitudinal studies on changes in the body composition of
lactating women are limited [51], the results from developed countries suggest that,
during the postpartum period, fat utilization during lactation is not sufficient to
mobilize the fat accumulated during pregnancy. Using magnetic resonance imaging
Solhstrom and Forsum [49] showed that, during the lactation period, fat was mobilized
more completely from the thighs than from the trunk, and subcutaneous fat is
mobilized faster than non-subcutaneous fat. The follow-up of 11 women from this
study which was previously described, showed during pregnancy, 68% of the increase
in adipose tissue was placed in the trunk and 16% on thighs. However, by 12 months
postpartum, the adipose tissue volume in the thighs was 0.06 + 0.49 L greater (p>0.05)
than pre-conception, whereas in the lower trunk the adipose tissue volume difference
was 1.42 + 1.11 L greater (p< 0.05). Moreover, the pattern of subcutaneous and non-
subcutaneous fat mobilization during the postpartum period was different. By 5-10
days postpartum, the subcutaneous adipose tissue volume was 4.13 + 4.75 L greater
compared to pre-conception values (p< 0.05), whereas the non-subcutaneous adipose
volume tissue was 1.30 + 0.87 L (p< 0.05) greater. By one year postpartum, the
subcutaneous fat was not significantly different from pre-conception values (1.08 +
2.30 L, p> 0.05), while the non-subcutaneous adipose tissue volume difference
increased to 1.78 + 0.71 L (p<0.05). The authors concluded that the decrease in
adipose tissue volume of the whole body over the first 12 months postpartum was due
to a loss of subcutaneous fat, whereas the non-subcutaneous fat increased slightly
during the same period.

Sardurskis et al. [61] evaluated the change in body fat in 23 Swedish women
over 6 months of the postpartum period. Total body fat, measured by total body
weight and total body water (measured by *20,-label water), changed from 22.1 + 7.0

kg at 5-10 days postpartum to 20.4 + 7.4 kg at 6 months postpartum (p<0.05)
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(percentage of total body fat change from 30.4 to 29.6%). At this time, women were
still fatter than before pregnancy (total body fat before pregnancy: 16.5 + 6.9 kg).
Goldberg and colleagues [62] studied changes in total body fat in 10 well-nourished
British women during the first 12 postpartum weeks. They found a non-significant
increase from 17.8 + 6.49 to 18.42 + 7.53 kg in total fat mass (estimated by difference
in body weight and fat free mass as measured by isotope dilution) between week 4 and
week 12 of lactation (percentage of total body fat change was from 30.3% to 31.4%).

The studies from developed countries reported here suggest that the lactation is
insufficient to mobilize fat stores accumulated during pregnancy. Furthermore, some
of them suggest that, after one reproductive event, fat at the central site increases. It is
important to note that the effect of intensity of breastfeeding or physical activity on fat
mass mobilization during the postpartum period was not explored in the studies
described above. Thus, no conclusions can be drawn about the effect of these factors
on fat mass retention after pregnancy.

Fat mass mobilization-Evidence from developing countries: Evidence from
developing countries comes from studies that assessed fat mass mobilization through
changes in skinfolds. Generally, women in developing countries lose both weight and
fat during the postpartum period, with the intensity and duration of lactation as one of
the main determinants of change [60]. Biceps, triceps, subscapular, and suprailiac
skinfolds start to decrease in the third trimester of pregnancy and continue decreasing
throughout lactation [55]. During the first three months postpartum, the reported
range of changes in triceps skinfold was -21.2% to + 30.3% [60].

From an extensive literature review, Dorea [55] concluded that, differences in
changes in postpartum adiposity between mothers from developed and developing
countries, depend on methods of body fat measurement and the mothers’ nutritional

status. Lactating mothers in developing countries lose subcutaneous fat. The
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percentage of change in adiposity that occurred in the first three months postpartum
ranged from a 39.6% loss in Brazil to a 2.4% gain in the Gambia (adiposity measured
as the sum of 4 skinfolds and triceps skinfold, respectively). On the other hand,
mothers from developed countries showed more variable change in body fat, for the
same period of time (3 months postpartum) ranging from a 14.5% loss in women from
Canada to a 35.5% gain in women from the United Kingdom (measured as the sum of
4 skinfolds and suprailiac skinfolds). Even though the method of measurement of
change in adiposity is different across countries, it gives an idea of the difference in
magnitude of change observed between developed and developing countries. Thus, the
author concluded that the level of nutritional status before pregnancy and during
lactation might influence the pattern of mobilization of maternal fat reserves during
same period. In other words, depending upon nutritional status, fat stores can be
utilized at different rates and at different times

Novotny and Haas [63] showed that, apparently well nourished Bolivian
mothers (mean age 24 + 5y, n=21) who breastfed extensively had decreased arm
circumference and triceps skinfold by 6 months postpartum, compared to their
corresponding values at week 34 of pregnancy. This suggests that some fat stores,
reflected by arm circumference and triceps skinfold, were mobilized to maintain
lactation. Fornes and Dorea [64] reported results in the same direction in well-
nourished, low-income, Brazilian mothers (BMI 22.98 + 3.12 at the beginning of the
study). They conducted a 3-month longitudinal study of 14 women who were
exclusively breast-feeding during the study period (from 15 days to 3 months
postpartum). Measurements of weight and several skinfolds sites (triceps,
subscapular, suprailiac and pectoral) were taken every two weeks. Weight lost from
15 days to 3 months postpartum was not significant (56.83 + 18.37 kg vs. 53.91 +

16.75 kg, p> 0.05). However, subcutaneous fat, either as individual skinfolds or as the
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sum of four, decreased significantly through the study period (sum of 4 skinfolds: 58.1
+2.3mmyvs. 35.1 + 0.9, p< 0.001).

On the other hand, there have been some studies conducted in developing
countries that did not find changes in fat mass during the lactation period. Valeggia
and Ellison [65] found that well-nourished Toba women in Argentina did not change
body weight and fat mass after 12 months postpartum. One hundred and thirteen
breastfeeding women were followed from 0 to 18 months postpartum. Measurements
of weight and skinfolds (triceps and subscapular) were taken monthly. There was no
significant change in the BMI, triceps and subscapular skinfolds and percentage of
body fat from delivery to 18 months postpartum (mean + SD; 0 and 18 mo: for BMI,
26.3 + 3.0 vs. 26.3 + 4.5; for triceps (mm), 20.1+ 4.9 vs. 23. 3 + 7.6; for subscapular
(mm), 24.6 + 6.9 vs. 25.1 + 8.8; and for percentage of body fat, 29.9 + 4.1 vs. 31.6 +
6.0). When the authors adjusted for age, they found that age influenced the pattern of
postpartum body weight and fat change. Adolescent women (<19 years) tended to lose
more weight and fat mass during the first 6 months postpartum, and then slowly
regained their early postpartum values. Villalpando and colleagues [66] compared two
groups of Otomi Mexican women (aged 18-35 years), who were measured at 4 or 6
months postpartum. Body composition (total body water, fat free and fat mass) and
anthropometric measurements (body weight, and triceps, biceps, and suprailiac
skinfolds) were taken. The authors showed that mean fat mass (estimated by the sum
of skinfolds or by total body water) did not differ significantly between women
studied at four months and those studied at six months postpartum (24.7 + 5.4 % vs.
24.6 + 5.3 % at four and six months, respectively). This suggests that in Otomi women
lactation between 4 and 6 months is maintained by a source of energy other than from

maternal fat stores.
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The results from developing countries are more contradictory. Whereas some
studies found that there is fat mobilization during lactation, others found no change in
fat mass during the same period. However, none of the studies reviewed above
considered physical activity and energy intake as they affect fat mass and weight
changes during the postpartum period. Thus, it is not known whether lactation, in the
absence of changes of fat mass, was maintained by increases in energy intake or
decrease in physical activity.

In conclusion, when studying fat mobilization during lactation in developing
countries, it is necessary to take into account the nutritional status of the mother,
dietary intake, and physical activity. GWG influences the mobilization of fat stores
during the postpartum period. However, to what extent GWG is associated with fat
mobilization during the postpartum period has not been studied. Furthermore, the
effect of pre-pregnancy nutritional status as a modifier in this association has not been
addressed. Finally, the effect of GWG during pregnancy and weight retention has been
studied mostly in developed countries. Evidence from developing countries in this

regard is missing.

Heritability of GWG

It is well recognized that there is a genetic component in fat accumulation.
From studies on twins and other biological relatives by adoption, it is possible to
define the heritability (degree to which the variance in a particular trait is determined
by genetic variation) [67] of the percentage of body fat. In a French-Canadian
population, about 20-30% of the variance in percent body fat was accounted for by
genetic factors after controlling for age and gender difference [68], [69]. Coady and
colleagues [70] studied the heritability of BMI, with longitudinal data from the

Framingham heart study in using pedigrees (parents-offspring). The authors found that
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heritability of BMI is 0.37 + 0.079 (p<0.0001). From twin studies of Caucasian
women, Bulik and colleagues reported a heritability for obesity (defined as BMI > 30
kg/m?) of 0.86 (95% CI: 0.77-0.94) [71].

Hunt and colleagues [72] studied familial resemblance of 7-year natural
changes in BMI and adiposity among Canadian families who had no reported change
in diet and physical activity over the 7 years. Heritabilities (h?) at baselines were: 0.39
for BMI, 0.41 for the sum of five skinfolds and 0.39 for waist circumference. The
values for each change score were attenuated for all measures, except waist
circumference (h? = 0.14 for change in BMI, h? = 0.12 for change in sum 5 skinfolds
and h*= 0.45 change in waist circumference; all h? p<0.05). The authors concluded
that the heritability for changes in anthropometric measurements reflects both
environmental and genetic factors are important determinants in body mass and
adiposity.

Little is known about genetic susceptibility in pregnancy-related weight gain
[14]. High GWG may be related to a genetic predisposition to accumulate excess
tissue during reproduction [73]. It is likely that genetic factors influencing the
regulation of fat metabolism, both during and after pregnancy, may contribute to the
sustained body weight increases related to childbearing. Some studies have explored
the effect of specific genes on GWG. Yanagisawa and colleagues [74] found that
Beta3-adrenergic receptor is associated with a greater weight gain in both non-
pregnant and pregnant women. Stein et al. [75] found that levels of leptin (product of
ob gene) at the beginning of pregnancy (6 weeks), were positively associated with
GWG. Butte et al. [76] measured leptin levels at the end of pregnancy (week 36).
They found a positive correlation between leptin levels and GWG (r=0.46, p=0.001)
and also a positive correlation in changes in leptin levels from pregnancy to 3 mo

postpartum with changes in weight and fat mass in the same period. However, these
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results should be interpreted with caution, given that there is evidence suggesting that
ob gene expression during pregnancy might be regulated by factors other than fat mass
[76].

Even though there may be specific genes associated with pregnancy-related
weight gain, the familial resemblance (heritability) of GWG has not yet been studied.

The literature review revealed that no study addressing this question.

Research questions and hypothesis

In developed countries, reproductive events could represent a risk factor for
developing obesity if there is an excess of gestational weight gain (GWG). Excessive
gestational weight gain has been shown to be associated with postpartum maternal
weight retention (PWR) in developed countries. [34],[53].

On the other hand, in countries where undernutrition represents a public health
problem, reproduction could result in maternal depletion [77]. Maternal response to
reproductive stress depends on initial maternal nutritional status. Winkvist has shown
that in both Guatemalan women (pregnant between 1969-1977) and Pakistani women,
of marginal nutritional status, a reproductive cycle resulted in depletion [77].

Whether reproductive cycles are contributing to the increase of obesity in
women from developing countries undergoing nutrition transition has not yet been
addressed. The interaction of weight gain during pregnancy with pre-pregnancy
nutritional status and/or postpartum behaviors (i.e. breastfeeding practices) and its
effect on PWR in women from countries experiencing nutrition transition have yet not
been not explored either.

On the other hand, most of the studies addressing the question of the relation of
GWG and PWR are focused on total GWG. In an extensive literature review, only two

studies addressing the question of timing of gestational weight gain were found and
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the results are contradictory. Muscati and colleagues [78] studied 371 healthy, well-
nourished, white Canadian women. The participants of the study were part of a
Prenatal Nutrition Counseling Program of the Department of Health and Social
Service of Prince Edward Island in Canada. Weight gain during the first 20 weeks of
gestation had the strongest correlation with postpartum weight retention greater than
2.5 kg at 6 weeks postpartum (r=0.68) compared to weight gained later in pregnancy
(r=0.41). On the other hand, To and Cheung [79] found that, in marginally well-
nourished (pre-pregnancy BMI: 20.4 + 2.19 ) Chinese women with postpartum weight
retention greater than 9 kg at 3-4 months postpartum, there was a significantly higher
gestational weight gain in the second and third trimester than in the first trimester of
pregnancy. One explanation of such contradictory results might be the nutritional
status at the beginning of pregnancy. Even though Muscati and colleagues did not
specify the pre-pregnancy BMI, the Canadian women had a pre-pregnancy weight of
62.8 + 16 kg, suggesting that they started pregnancy with an adequate (in some cases,
excessive) weight. On the other hand, Chinese women started pregnancy with a
marginally adequate nutritional status as suggested by their low BMI. Furthermore, the
two studies have as a main limitation that they did not take into account the
contribution of the weight of the fetus to maternal gestational weight, which represents
approximately 54% of the weight gained by the end of pregnancy [17].

Little is known about genetic susceptibility in pregnancy-related weight gain
[14]. It is likely that genetic factors influencing the regulation of fat metabolism, both
during and after pregnancy, may contribute to the sustained body weight increases
related to childbearing. Some studies have explored the effect of specific genes on
GWG. Beta3-adrenergic receptor is associated with a greater weight gain in both non-

pregnant and pregnant women [74].
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Even though there appears to be specific genes associated with pregnancy-
related weight gain, as noted earlier the familial resemblance (heritability) of GWG
has not been studied. From the literature review, no study was identified that
addressed this question.

Knowledge of the patterns of gestational weight gain that are related to a
greater risk of maternal postpartum weight retention could be useful for designing
gestational weight gain guidelines. These could benefit fetal growth and, at the same
time, decrease the risk of excessive maternal postpartum weight retention in
populations undergoing the nutrition transition, where undernutrition in children and
obesity in their mothers represent a complex dual public health problem.

As with other countries in Latin America, Guatemala is undergoing a nutrition
transition, which includes a shift from a traditional diet to diets high in saturated fat,
sugar and refined foods and low fiber. In addition to changes in diet the population is
shifting to reduced physical activity levels. As a consequence of these changes, there
is a strong tendency for obesity to be more common in poorly educated women in
rural areas and in poor households [2].

The conceptual framework guiding the approach to the research question is
shown in figure 2.1. The conceptual framework depicts the individual characteristics,
environmental and maternal behaviors to be considered when addressing the research
questions. The gestational weight gain (GWG), both total and its timing, is associated
to postpartum weight retention (PWR) and risk to develop overweight and obesity at 6
months. These associations depend upon pre-pregnancy maternal characteristics (i.e.
maternal nutritional status) and/or postpartum behavior (i.e. breastfeeding practices).
We described that some other individual and behaviors characteristics, such as
maternal age, parity, diet during pregnancy and the postpartum period, physical

activity, etc. need to be considered, given their association with both GWG and PWR.
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Considered the above information, the following research questions will be

addressed:

1.

Figure 2.1 Conceptual framework

Is a reproductive event associated with postpartum weight retention

and overweight in rural Guatemalan women?

genetic basis?

To address the research questions the following hypothesis will be tested:
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b)

d)

f)

9)

Guatemalan women with high total gestational weight gain
will have a high postpartum weight retention at 6 months

A high weight gained in the second half of pregnancy is
associated with a high postpartum weight retention at 6
months

The association weight retention at 6 months postpartum and
weight gain during pregnancy (total and its timing) depends
upon maternal pre-pregnancy characteristics (weight for
height) and/or postpartum maternal behavior (breastfeeding
practices)

In Guatemalan women with a pre-pregnancy body mass
index (BMI) considered as adequate, the higher the weight
gain during pregnancy the higher the risk to develop
overweight at 6 months postpartum

In Guatemalan women with a pre-pregnancy body mass
index (BMI) considered as overweight, the higher the weight
gain during pregnancy the higher the risk to develop obesity
at 6 months postpartum

The risk of developing overweight and obesity at 6 months
postpartum due to high weight gain during pregnancy will be
decreased in women with long and intense breastfeeding
After taking into account the environmental conditions (i.e.
diet during pregnancy) and individual characteristics, there is
a proportion of the variability of weight change during

pregnancy that is explained by genetic factors
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CHAPTER 3

ASSOCIATION OF GESTATIONAL WEIGHT GAIN AND WEIGHT RETENTION
AT 6 MONTHS POSTPARTUM IN RURAL GUATEMALAN WOMEN
Abstract
Background: Obesity and chronic diseases comprise serious public health problems
worldwide. Pregnancy-related weight gain increases the risk of obesity in women in
developed countries, but this relation has not been explored among women from
developing countries. Objectives: To investigate the association of pregnancy weight
gain (total and timing) and postpartum weight retention at 6 months, and modifying
effect of pre-pregnancy weight and breastfeeding practices, in rural Guatemalan
women. Design: We studied 166 women with a single pregnancy between 1996-1999
who gave birth to singleton, term infants and who were followed for six months
postpartum. Results: Total GWG was 8.5 kg with 71% of women gaining less that
Institute of Medicine recommendations. The mean PWR at 6 months was 1.5 kg with
25% retaining more than 4.3 kg. From multivariate analysis, for every kilogram of net
GWG, women retained 0.75 + 0.07 kg at 6 months postpartum. For women who were
overweight but not obese at the beginning of pregnancy only, the greater the number
of days of exclusive breastfeeding, the lower the weight retained at 6 months
postpartum (Interaction p-value=0.03). Late pregnancy weight gain was significantly
associated with postpartum weight retention at 6 months (p<0.0001), while early
GWG was not (p=0.277). Conclusions: In this rural Guatemalan population, the total
net gestational weight gain, specifically, late GWG was associated with greater
postpartum weight retention. Prolonged predominant exclusive breastfeeding reduced

the effect of GWG on PWR at 6 months.
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Introduction

It is well known that obesity is a major public health problem in developed
countries. In the U.S., data from the Behavioral Risk Factor Surveillance System,
indicate that 20.2% of men and 19.4% of women had a BMI (body mass index) > 30
kg/m? [1]. In the last decade, the prevalence of overweight and chronic diseases has
also increased in developing countries [2]. In Latin America, the prevalence of women
with a BMI > 25 kg/m?, which is considered as overweight and obese by the World
Health Organization (WHO) classification, ranges from 11.5 % in Haiti to 44.9% in
Peru, 38% in Dominican Republic, 34.2% in Guatemala, and 33.5% in Mexico. These
figures indicate that obesity is a public health concern among Latin American women
[3].

Pregnancy-related weight gain has emerged as a potential cause of increased
adiposity in developed countries. There is evidence from animal, clinical, and
epidemiological studies that pregnancy might be related to obesity and changes in total
fat mass and fat distribution in women [4, 5, 6]. It is well known that the effect of one
reproductive event on maternal nutritional status will depend on the maternal
nutritional status at conception, and during pregnancy (measured as weight gain
during pregnancy) and behaviors during postpartum period (i.e. diet, breastfeeding
practices) among other maternal characteristics [7].

The role of the reproductive process on postpartum weight retention and
obesity in women from developing countries has been poorly explored. Specifically

the effects of weight gain during pregnancy and its interaction with pre-pregnancy and
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postpartum maternal characteristics on postpartum weight retention (PWR) in women
from developing countries has yet to be explored.

On the other hand, most of the studies addressing the question of the effect of
gestational weight gain (GWG) on PWR are focused on total GWG. In an extensive
literature review, only two studies were found that addressed the question of timing of
gestational weight gain and PWR and the results are contradictory [8, 9].

The INCAP (Instituto de Nutricion de Centro America y Panama) longitudinal
and follow-up studies [10] have collected information on maternal nutritional status
during pregnancy and postpartum for rural Guatemalan women. These data offer an
opportunity to study the effect of reproductive events on the changes in weight in the
postpartum in a population that is experiencing a rapid increase in obesity and chronic
diseases.

Our objectives in the current study were: a) To explore the association of total
gestational weight gain (GWG), as well as its patterns, with postpartum weight
retention (PWR) at 6 months in Guatemalan women, and b) to explore modifying
effects of pre-pregnancy weight and breastfeeding practices on postpartum weight

retention.

Methods

Subjects and study design: Data for this analysis were collected as part of a
longitudinal study between 1996 and 1999. The study focused on four predominantly
Ladino communities in rural eastern Guatemala. All pregnant women between 19 and
34 years old in the four communities were invited to participate in a longitudinal
study. The current analysis includes the subset of women who fulfilled the following

selection criteria (figure 3.1):
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= Singleton, term pregnancy

= Complete data on anthropometric measurements during pregnancy

= Anthropometric measurement at 6 mo postpartum

= For women who experienced multiple pregnancies, one randomly selected
pregnancy

Furthermore, we excluded from the analysis women with pre-pregnancy BMI

> 30 kg/m?. The reason to exclude them was the small sample size of the group

(n=9), which would make difficult to drawn any conclusion regarding obese

women.

N=425 Women with at least one prenatal visit

Excluded:

No data at 6 mo pp (n=219)

No data on total net GWG (n=23)

Gestational age < 37 wks (n=6)

More than one pregnancy event with complete data
(n=10) (one randomly selected)

No pre-pregnancy or breastfeeding data (n=1)
Pre-pregnancy BMI > 30 kg/m? (n=9)

v N= 268

N= 157 Final sample for total GWG analysis

Excluded:

No measurement in either half of pregnancy, or with < 4
— wks between measurements, or no measurement before
13" week of pregnancy

(n=48)

N= 109 Final sample for timing of GWG analysis

Figure 3.1 Sample selection
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Data collection: Pregnant women who agreed to participate received free prenatal care
four times during pregnancy from a field staff nurse employed by INCAP. The
methods of data collection between 1996-1999 are described in detail elsewhere [11].

Briefly the following measurements were taken during pregnancy and postpartum:

Anthropometry:

Height measurement was taken once during pre-natal visits and weight as follows:
a) Pre-pregnancy: All women in the communities were visited once every three
months in order to identify pregnancy by recall of the last menstrual period. The
weight was recorded at this time. The weight measure from the visit closest but
prior to the last menstrual period was considered as the pre-pregnancy weight.

b) Pregnancy and postpartum: Measurements of weight were taken five times: 1)
at median gestational age of 8 wks (range: 4 to 13 wks), 2) At median gestational
age of 18 wks (range: 17 to 22 wks), 3) Median gestational age of 35 wks (range:
26 to 35 wks) and 4) At 6 mo postpartum (range 5 to 6 mo).

Breastfeeding:

Breastfeeding data were collected through questionnaire. Trained interviewers
administrated a retrospective questionnaire every two weeks to caregivers (most of
the time the mother) in their homes. Caregivers were asked the feeding status of
the baby everyday during the previous 14 days. The feeding status was assigned to
one of five categories [12]: not breast milk-feeding, breastfeeding with other
fluids, breastfeeding with formula, breastfeeding with solids, and exclusive
breastfeeding.

Diet:

A semi-quantitative food frequency questionnaire (FFQ) was administrated during

pregnancy and at 6 months postpartum to assess dietary intake over the previous
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three months. The FFQ consisted of 207 food items, including food and prepared
dishes. Participants were asked about the frequency of consumption (per day,
week, month, or never). Portion size was determined using natural units and

household portion sizes.

Socioeconomic status (SES):

A measure of house quality was used as a proxy for SES. Nine variables
describing house quality were assessed through questionnaire, which was applied
at the family level. The questionnaire measured an overall rating of type of house,
ownership of the house, number of rooms, type of floor, wall and roof, location of
the kitchen, type of toilet and number of household possessions. With this

information an SES index was generated using factor analysis [10].

Variables:
e Qutcome variable:

Postpartum weight retention at 6 months (PWR): This was defined as the absolute

difference between a woman’s weight measurement a 6 months postpartum and her
pre-pregnancy weight. This variable was continuous with approximately normal

distribution.

e Predictor variables:

Gestational weight gain (GWG):

Total GWG was calculated as the difference between the pre-pregnancy weight and
weight at the end of pregnancy (last measurement taken 5.4 + 2.2 weeks before

delivery).
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Correction of total GWG for time of last measurement: In order to take into account
the weight gain between the last measurement of weight and date of delivery, a
corrected total GWG was estimated as follows:

In a sample of women (n=264) with at least three measurements of weight during
pregnancy, a mix regression model was fitted which takes into account the correlation
of repeated measurements on each woman [13]. Subject and gestational week were
fitted as random effects. Weight during pregnancy vs. gestational age in weeks was
fitted using proc mixed in SAS for Windows 9.1 [14] in order to predict weights at
different gestational age .

The model best fitting the data was:

Weight at an specific gestational age = 54.8628 - 0.4879 (gestational age) + 0.03886 (gestational age)? -

0.00055 (gestational age)*

With the above model the following weights were estimated for each women:

1) The estimated weight when the last measurement was taken

2) The estimated weight at time of delivery
We then computed the difference between these estimated weights. This difference
was added to the total observed weight gain (from pre-pregnancy to the time of last
measurement), obtaining the corrected total GWG extrapolated to the day of delivery.
In the analysis of the total GWG, the corrected total GWG was used (hereafter called
“total GWG”). For the analysis of timing of GWG, the corrected weight was also used
to compute the rate of GWG in the second half of pregnancy (see below).
Correction for infant’s birth weight: In order to take into account the contribution of
the fetus to the GWG, and to have an estimate of maternal tissue gain, the net weight
gain was estimated as:

Net total GWG= total GWG - infant’s birth weight.
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Timing of GWG

To explore the association between PWR and the timing of GWG, a subset of women
was selected if they had at least one measurement in each trimester during pregnancy.
The cut-offs for inclusion of women in the analysis were:
o First measurement: No later than week 13" of pregnancy (mean 9.4 + 2.4
weeks)
o Mid pregnancy: Between 17" - 23 week (mean 20+3 weeks)
o Last measurement: Not earlier than 25" week and at least 4 weeks after the
mid-pregnancy measurement (mean 34.0 + 2.4 weeks)
The 17" and 25" week criterion assures that sufficient time elapses between mid
pregnancy and the first and last measurement. The rates of GWG in the first and

second half of pregnancy were estimated as follows:

e Rate of GWG 1* half = (Mid pregnancy weight — early pregnancy weight)/ time
between measurements
e Rate of GWG 2™ half = (End pregnancy net corrected weight — mid pregnancy weight
/ time between measurements
It is important to recognize that for the rate of GWG in the first half, the early
pregnancy weight was used rather than the pre-pregnancy weight. In this sample, the
early pregnancy weight was a good estimator of the pre-pregnancy BMI (R?= 0.948,
p<0.0001). In order to estimate the rate of GWG in the second half both the corrected
and net GWG were used. For the statistical analysis the rate of GWG (g/wk) in the 1°
and 2" half was used. For simplicity, they are referred as: early GWG and late GWG

respectively.
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Pre- pregnancy body mass index (BMI):

Pre- pregnancy BMI was calculated as: weight (kg)/ height® (m?). In the statistical
analysis the pre-pregnancy BMI was included as a continuous and as a categorical
variable considering the WHO cut-off criteria [15]. The reason for including BMI in
some analysis as a categorical variable was because the biological meaning of the
results is different depending upon pre-pregnancy weight status. For instance, for a
woman with pre-pregnancy BMI < 20 kg/m? (considered as undernourished), weight
retention after one reproductive event could be interpreted as replenishment of
essential maternal body store. However, for women with pre-pregnancy BMI > 20
kg/m?, similar amount of weight retention could have a negative impact on women’s

health, by increasing the risk of becoming overweight or obese.

Construction of breastfeeding practices variables:

Percentage of days of predominant exclusive breastfeeding (EBF): For this variable,
we considered as predominant EBF women who gave nothing but breast milk (WHO
definition) or breast milk with other fluids (predominant exclusive breastfeeding) . We
identified the number of days, from biweekly recall, with either of the above feeding
categories within the first 180 days after birth. We estimated the percentage of days of
EBF by dividing the number of days with predominant EBF by the total number of
days with data on feeding status.

In addition to the main predictor variables, variables identified from previous
studies as potential confounders were included in the analysis. These are: age of the
mother at birth of infant, parity, reported energy intake during postpartum, maternal

education (in schooling years), and SES.
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Statistical analysis : Data were entered in duplicate and cleaned at the INCAP
computing center using Epi-info 6.04 [11]. The analysis was conducted using SPSS
for Windows version 13.0 and SAS version 9.1.

The dataset was screened for outliers. When a potential extreme value was found,
individual cases were explored, to confirm whether that values were biologically
plausible, those not plausible were deleted. Descriptive analysis was performed using
t-test for continuous variables and chi? for categorical variables. The associations
between PWR at 6 months and total net GWG, early GWG, and late GWG were tested
with ordinary least squares regression. The steps followed to develop the models
were:

1) Perform bivariate analysis, with PWR at 6 months, as outcome variable

2) Inclusion in the full model all variables with p < 0.2 in the bivariate analysis

3) Selection of best model taking into account the p-value and magnitude of effect
change in net GWG and in R

Interactions of pre-pregnancy maternal characteristics (such as BMI), postpartum
characteristics (breastfeeding practices) and the total net GWG were also tested. To
explore the interactions in the timing of GWG analysis, two models were run. The first
model tested the interaction between pre-pregnancy and postpartum maternal
characteristics and early GWG, controlling for late GWG. The second model was
tested the same maternal characteristics but with the interaction with the late GWG,
adjusting for early GWG. For both main effects and interactions, p values <0.05 was

considered as statistically significant.
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Results

Description of the study population:

The characteristics of women selected for total GWG (n=157) and timing of GWG
(n=109) analysis were similar. Women were on average 26 years old, and had
delivered three children, including the index pregnancy, fourteen percent being
primiparous. The range of maternal education was between 0-12 years of schooling.
Their offspring’s birth weight was 3.0 kg. The median pre-pregnancy BMI was 23
kg/m?. They had a net GWG of 5.5 kg, and the rate of GWG early and late pregnancy
was 294 and 230 g/wk respectively. At six months postpartum, they had retained 1.5
kg and 25% had PWR greater than 4.3 kg (table 3.1).

Total GWG and IOM recommendations

The women in the larger sample (n=157) gained on average 8.5 kg (table 1).
The total GWG ranged between a loss of -2.5 kg to a weight gain of 18.4 kg.
According to the current GWG recommendations for US women [16], a large
proportion of the sample (79%), did not gain the recommended weight for their pre-
pregnancy BMI, and most (71%) gained below the current recommendations, while

8.3 % gained above these recommendations.
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Table 3.1. Descriptive socio-demographic characteristics and nutritional status
before, during, and after pregnancy for women selected for the total and timing

of GWG analysis

TOTAL NET TIMING OF
GWG (n=157) GWG (n=109)
MEAN | SD MEAN )
Offspring’s birth weight (kg) 3.06 0.42 3.07 0.44
Maternal age (y) 26.0 4.4 26.0 4.4
Parity (n. children) 3.4 1.7 3.4 1.6
Maternal formal education (y) 35! 2.6 3.3? 2.6
Pre-pregnancy BMI (kg/m2) 23.2 3.3 23.3 3.3
Total GWG (kg) 8.5 4.1 8.9 3.8
Net GWG (kg)® 5.5 4.1 5.9 3.8
Early GWG (g/wk) - - 293.8 198.0
Late GWG (g/wk)* - - 230.1 190.0
BMI at 6 mo postpartum (kg/m2) 23.9 3.3 24.0 3.3
PWR at 6 mo postpartum (kg) 1.5 4.2 1.5 4.0
Exclusive breastfeeding (% days) 74.0 30.3 74.2 29.8
n=140
’n=96

% Net GWG = Total GWG — offspring’s birth weight
* Net GWG was used to estimate the rate of late GWG

Total GWG and PWR at 6 months

After adjusting for pre-pregnancy BMI, parity, and predominantly exclusive
breastfeeding (EBF), there was a positive association between net GWG and PWR at 6
months (table 3.2). For every kilogram of net GWG, women retained 0.75 + 0.07 kg
at 6 months postpartum (p<0.0001). The EBF was negatively associated with PWR at
6 months (p=0.004). After adjusting for pre-pregnancy BMI, parity and net GWG, for
every month of predominantly exclusive breastfeeding, the weight retained at 6

months decreased by about 500 grams (p=0.001).
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Table 3.2 PWR at 6 months and net GWG adjusted for pre-pregnancy and
ostpartum characteristics: Main effects model

STANDARD P-
PARAMETER COEFFICIENT ERROR VALUE
Intercept 35 24| 0135
Pre-pregnancy BMI (kg/m2) 0.12 0.09 0.157
Parity (primiparous vs. multiparous) 116 074 0116
Predominantly exclusive breastfeeding -0.03 0.008 0.004
(% of days)
1

Net GWG (kg) 0.75 0.07| <0.0001
Adjusted R 0.469

Net GWG = Total GWG - offspring’s birth weight

We found a statistically significant interaction between pre-pregnancy BMI
and percentage of days of predominant exclusive breastfeeding (EBF). After adjusting
for parity (primiparous vs. multiparous), the association of EBF and PWR at 6 months
depended upon the BMI category (interaction p-value=0.03). For women who started
pregnancy overweight (BMI 25-29.9 kg/m2), there was a negative association between
predominant exclusive breastfeeding and PWR at 6 months (figure 3.2). In these
overweight women, for every month of predominant exclusive breastfeeding, the
PWR at 6 months decreased by 800 g (p< 0.0001). No association between
predominant exclusive breastfeeding and PWR at 6 months was seen in women in

other categories of pre-pregnancy BMI (< 19.9 or 20-24.9kg/m?) (appendix 3.1).
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2.5 Interaction p-value = 0.03

—~~ 15 n
£} / —e—BMI<19.9

vt / —m— BMI 20-24.9
E BMI > 25

'\

0.5 - N

Low High  aslope difference p- value< 0.05

b slope different from zero p <0.001
EBF (% days)2 P P

! Included in the model: pre-pregnancy BMI (categorical), days of predominant exclusive breastfeeding
(% days), parity (primiparous vs. multiparous), net GWG (kg), and the interaction between pre-
pregnancy BMI by days of predominant exclusive breastfeeding

2 EBF (% days): low= percentile 25th (63% days of EBF), High= 75th percentile (100% days of EBF)

Figure 3.2 PWR at 6 months by pre-pregnancy BMI and % days of predominant
exclusive breastfeeding (EBF)*

Timing of GWG and PWR at 6 months

After adjusting for pre-pregnancy BMI and early GWG, there was a difference
in weight retained at 6 months postpartum across tertiles of late GWG (p<0.0001)
(figure 3.3), while there was no difference across tertiles of early GWG (p=0.336)
(Appendix 3.2). The higher the late GWG, the greater the PWR at 6 months. Women
with higher late GWG (> 297 g/wk) had a higher PWR (3.9 + 0.6 kg) compared to
women with a moderate GWG (148 to 294 g/wk and 1.2 + 0.6 kg; p=0.001) and a
lower GWG in late pregnancy (< 147 g/wk and —0.6 + 0. 6 kg; p<0.0001).
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-122 to 147 148 to 294 297 to 812
Rate of late GWG (g/wk)

! Mean and Standard error

2 Adjusted for pre-pregnancy BMI and early GWG

® Rate of late GWG in tertiles (the net late GWG was used to estimate the rate of late GWG)
& Mean difference from first and second tertile p< 0.001

Figure 3.3 PWR at 6 months by tertiles of late GWG'?

The association between PWR at 6 months and late GWG was independent of
maternal biological and behavioral characteristics such as parity and breastfeeding
practices, and gestational age at first measurement during pregnancy (table 3.3).

From the net weight gained during the second half of pregnancy, half was retained at 6
months postpartum. A late GWG of 10 g/wk or 200g/ 20 weeks was associated with
100g of PWR at 6 months. For example, for a woman having a GWG in the second
half of pregnancy of 297 g/wk (lower limit of third tertile of late GWG), or a total net
GWG of 5.9 kg during the last 20 weeks of pregnancy, would be predicted to retain

almost 3 kg at 6 months postpartum.
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Table 3.3 PWR at 6 months and timing of GWG. Adjusted for pre-pregnancy
and postpartum characteristics

STD. 95% CONFIDENCE

PARAMETER COEFFICIENT ERROR SIG. INTERVAL

Lower Upper

Bound Bound
Intercept 1.203 3.094 0.69 -4.933 7.339
Pre-pregnancy BMI (kg/m°) -.198 111 0.07 -418 021
Early GWG (g/wk) -.001 .002 0.507 -.005 .003
Late GWG (g/wk)" .010 002 [ <0.001 .007 014
Gestational age at first 288 137 0.04 015 560
measurement (wk)
Predominant exclusive
breastfeeding (% of days) ~020 011 0.07 ~042 002
Parity (n. children) 474 .202 0.02 .074 .875
R’ 299

'Net GWG was used to estimate the rate of late GWG (Net GWG = Total GWG — offspring’s birth
weight)
Discussion

In this rural Guatemalan population, even though 70% of the women gained
less weight during pregnancy than the current Institute of Medicine (I0M)
recommendations, the total net gestational weight gain was associated with weight
retention at 6 months postpartum. Also, for women who were overweight only but not
obese at the beginning of pregnancy (pre-pregnancy BMI 25-29.9 kg/m?), the greater
the number of days of exclusive breastfeeding, the lower the weight retained at 6
months postpartum.

The mean postpartum weight retention at 6 mo postpartum in these rural
Guatemalan women was 1.5 + 4.2 kg, and 25% had a weight retention greater than
4.3 kg, similar to the weight retention found in women from developed countries,
where higher weight gains during pregnancy are observed [17, 18].

Theoretically, if women have an adequate weight gain during pregnancy for
their pre-pregnancy BMI, it should take 11 to 22 weeks (2-5.5 mo) to lose all the

weight gained during pregnancy assuming a weight loss between 0.22 to 500 g/week
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by reducing their caloric intake (or increasing their energy expenditure) 300 to 500
kcal/day [19]. Our final outcome measure was weight at 6 months postpartum. We
assumed that by this time the weight retention would reflect the effect of GWG, while
other unmeasured factors affecting lifestyle of the mother are less likely to confound
the results.

Whether the weight that is retained at 6 months postpartum will place women
at a greater risk of developing overweight and obesity later in life in unknown. We
found in a sub-sample of 83 women, a very strong correlation between the weight
retained at 6 months and at 12 months postpartum (Pearson correlation = 0.841,
p<0.001). Thus, women with a larger PWR at 6 months are expected to have a large
PWR at 12 months, supporting the validity of the 6 months measure.

We explored whether the pregnancy-related weight gain at 6 months
postpartum in this population resulted from retention of weight gain during pregnancy
versus postpartum weight gain associated with postpartum lifestyle changes. We
looked at the weight change from pre-pregnancy to postpartum in a sub-sample of
women who had measurements at pre-pregnancy, delivery, three and six months
postpartum (n=134). As in our original sample, on average, women were 1.4 kg
heavier at 6 months postpartum. We found that on average, there was a weight loss
during the first 3 months postpartum ( -3.8 + 2.8 kg), followed by little or no weight
change from three to six months postpartum. These data support the assumption that
the extra weight at 6 months postpartum is mostly the weight retained from the

gestational weight gain.

Breastfeeding and Postpartum weight change

The effect of breastfeeding on weight loss during the postpartum is still

controversial. There are several studies, both in developed and developing countries
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where breastfeeding is associated with a lower weight retention [20, 21, 22].
However, there are other studies in which breastfeeding did not have any effect on
weight change during the postpartum period [23, 24].

In this study, we found that predominantly exclusive breastfeeding played a
role in reducing weight retention at 6 months postpartum only in women who started
pregnancy overweight. In a recent literature review Lederman [25] suggests that, from
an evolutionary perspective, the priority during lactation (especially during early
lactation) is to save the energy stored during pregnancy in case of later food shortage.
Thus, the first mechanism implemented to support lactation is an increase in food
intake. Where increase in energy intake is not possible or there is food restriction
during lactation, physical activity could be reduced in order to conserve the maternal
fat stores as long as possible. Later in lactation, fat mobilization would presumably not
be as risky for the mother compared to earlier in lactation, and fat mobilization could
occur.

Considering Lederman’s speculations, one possible explanation of our results
is that overweight women had sufficient maternal fat stores, so that mobilizing fat in
women with sufficient stores would not jeopardize lactation later in postpartum. We
could speculate that lactation in overweight women was supported by mobilizing
maternal energy stores, whereas in the non-overweight women (pre-pregnancy BMI <
25 kg/m2) adequate lactation was supported by other regulatory mechanisms such as
decrease in physical activity. The mechanisms that control this proposed differential

partitioning of energy to support lactation needs to be investigated.

Timing of GWG

Another important finding of this study is related to the timing of GWG and its

effects on weight retention at 6 months postpartum. We found that the net weight
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gained during the second half of pregnancy is positively associated with the weight
retained at 6 months postpartum, while the association is not seen for weight gained
before 20 weeks of pregnancy. Our findings in the second half of pregnancy are in
consistent with the results reported by Scholl and colleagues [26] who also found an
effect of weight gain after week 20 of pregnancy on weight retention at 6 months
postpartum among low income minority U.S. women ages 12-29 with pre-pregnancy
BMI in the normal range (19.8-26 kg/m?). The authors did not explore the association
of the weight gained in the first half of pregnancy with postpartum weight retention.

During pregnancy, maternal body fat accumulation occurs mainly between the
end of first trimester and mid gestation [27]. The purpose of fat accumulation is to
build energy stores in order to support the energetic demands of late pregnancy and
lactation. The increased insulin response to glucose, together with the influences of
pregnancy hormones, favors lipogenesis and fat storage in early pregnancy. On the
other hand, during the third trimester of pregnancy, hormonal changes promote the use
of fatty acids as energy substrates in the mother [28], therefore, during late pregnancy
lipolysis is increased.

One possible explanation for the findings in our study is that women with a
higher late net pregnancy weight gain did not use the reserves of fat stored during the
first half of pregnancy to support the energy needs at the end of pregnancy. Thus,
women who did not mobilize fat reserves during late pregnancy started the postpartum
period with greater fat stores, thus, the stores would last for longer time in the
postpartum period, resulting in a lower weight loss.

To our knowledge, this is the first study that examines the effect of total GWG
and its timing on PWR in a developing country undergoing a nutrition transition,
where a high proportion of women do not have an adequate GWG according to IOM

recommendations. Studies exploring the association between parity and postpartum
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weight retention have been conducted in Brazil [22, 29]. However, the authors
explored only the effect of total GWG, and the weight gain in the Brazilian
populations was similar to the GWG seen in developed countries.

Another strength of the present study is the use of actual pre-pregnancy weight
measurements rather than self-reported weights. Self-reported weight tend to under-
reported true weight, especially in overweight and obese women [30].

The detailed and longitudinal nature of measurement of breastfeeding practices
is another important strength of the present study. Every two weeks, women were
visited and asked about breastfeeding status in the previous 14 days. It is likely that
the short interval between interviews reduced chance of recall bias and reliably
identified when a change in breastfeeding status occurred.

Another important strength is that the study population included only adult
women (range 19-36 y). Inclusion of women under the age of 18 years is likely to
provide a biased estimate of average body weight change due to pregnancy since
teenage mothers may still be growing, which would account for some of the weight
increase seen during pregnancy [30]. In the current study, maternal growth is not
likely to contribute to weight gain during pregnancy or postpartum weight retention.

It is unlikely that the extrapolation of the last measurement to estimate weight
at delivery biased the results of the current study. The mean non-corrected net GWG
was 4.5 + 4.2 kg, compared to corrected net GWG 5.3 + 4.1 kg. To evaluate the effect
of using the corrected net GWG, we fitted a main effect model including non-
corrected net GWG and gestational age at last measurement in the main effect model
of PWR at 6 months. Both the coefficient and the associated p-values were not
different from the model including the corrected net GWG (0.729 + 0.07, p<0.0001 vs.
0.732 + 0.069, p<0.0001 for non-corrected GWG and corrected GWG, respectively).

We chose to use the corrected value instead of the actual measured weight at last visit
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because it gives an approximation of the effect of weight gain in a complete
pregnancy, without biasing the results.

Finally, in the analysis of timing of GWG, we included the rates of GWG in
the first and second half of pregnancy rather than the absolute weight gain. By the
inclusion of the rates we took into account the different times between measurements
during pregnancy.

Some limitations in this study must be considered. The major limitation is the
lack of measurements of physical activity during pregnancy and the postpartum
period. One of the primary contributors of energy expenditure, and hence energy
balance, is physical activity. In other studies, it was found that postpartum exercise
frequency was significantly associated with lower PWR at 12 months [31,18]. We
were not able to explore this phenomenon in these Guatemalan women.

A second limitation is the structural bias existing in the relation between
gestational weight gain and postpartum weight retention, a bias resulting from the way
variables are defined [30]. Both involve the pre-pregnancy weight as a baseline
measurement. Therefore, there is an inflated correlation between outcome and
predictor when the predictor is a component of the outcome. To our knowledge, no
studies to date have considered this issue. The role of gestational weight gain on
postpartum weight retention might be overestimated due to the structural bias. In spite
of the structural bias, however, there is still a highly significant association between
weight retention and total net GWG. We tested to what extent the coefficient of net
GWG was inflated by including the net GWG calculated from early pregnancy to the
end of pregnancy, instead of the net GWG from pre-pregnancy, in the main effect
model of PWR at 6 months. The coefficient of net GWG from early pregnancy was
lower (0.427 + 0.086; p<0.0001) than the coefficient of net GWG computed from pre-

pregnancy (0.711 + 0.068; p<0.0001), but the association remained highly significant.

59



Another limitation of the study was the lack of women with no reproductive
event as a control group to examine the weight gain due to aging. The effect of aging
on weight gain has been studied in other populations. In one study of European
women with aged 18-45 with no reproductive events during the study period [32], the
weight gain during 21 months was 0.18-0.55 kg. Applying the aging effect from
Linne’s study to the current study, the effect of aging would be low (0.05-0.16kg).

Finally, another limitation was the small sample size of women who started
pregnancy as obese (pre-pregnancy BMI > 30 kg/m?), thus they were excluded from
the analysis. It seems that the effect of GWG, pre-pregnancy and postpartum maternal
characteristics on weight retention are different in this group of women, but it is
difficult to draw conclusions with such small sample size.

Considering these limitations, our data show that in this rural Guatemalan
population, even though 70% of the women gained less weight during pregnancy than
the current Institute of Medicine (IOM) recommendations, the total net gestational
weight gain (GWG) was associated with a greater weight retention (PWR) at 6
months. The association of PWR at 6 months with net GWG was modified by
breastfeeding practices, in particular, the percentage of days of predominant exclusive

breastfeeding.
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Appendix 3.1

PWR at 6 months postpartum and pre-pregnancy and postpartum characteristics.
Interaction of pre-pregnancy BMI and breastfeeding practices

95%
STD. CONFIDENCE
PARAMETER B ERROR SIG. INTERVAL
Lower Upper
Bound Bound
Main effects
Intercept 1.6 1.04 0.120| -0.43 3.7
Pre-pregnancy BMI (kg/m°)
<19.9 -4.8 2.3 0.04 -9.4 -0.2
20-24.9 -3.6 14 0.01 -6.3 -0.9
25-29.9 (Reference group) i i
Predominantly exclusive
breastfeeding -0.05 0.01 <0.001 | -0.07 -0.02
(% of days)
Parity (primiparous vs. multiparous) -1.1 0.7 0.125 -2.6 0.3
Net GWG (kg) 0.74 0.07 | <0.001 0.60 0.87
Interaction
Predominantly exclusive 0.035
breastfeeding by Pre-pregnancy '
BMI (kg/m?)
<199 0.06 0.03 0.046 | 0.001 0.120
20-24.9 0.04 0.02 0.028 | 0.004 0.071
25-29.9 (Reference) i
R2 0.483
Slopes of interaction:
95% CONFIDENCE
PRE-PREGNANCY BMI (KG/M?) B SIG. INTERVAL
Lower Upper
Bound Bound
<19.9 0.012 0.657 -0.42 0.066
20-24.9 -0.011 0.366 -0.034 0.012
25-29.9 -0.048 0.013 -0.073 -0.023
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Appendix 3.2

PWR at 6 mo pp by tertiles of GWG early (adjusted by pre-pregnancy BMI and rate
of late net GWG)

TYPE Ill SUM OF MEAN
SOURCE SQUARES DF SQUARE F SIG.
Corrected Model 461.507(a) 4 115.377 9.756 .000
Intercept 4,963 1 4.963 420 .519
Early GWG (tertiles) 26.080 2 13.040 1.103 336
Pre-pregnancy BMI (kg/m°) 9.374 1 9.374 793 375
Late GWG (g/wk) * 293.380 1 293.380 | 24.807 | <0.001
Error 1229.960 104 11.827

Total 1940.935 109

Corrected Total 1691.467 108

a R-Squared =.273 (Adjusted R Squared = .245)
1 To estimate the late GWG the rate net corrected GWG was used

Parameter Estimates

Dependent Variable: PWR at 6 months (kg)

STD. 95% CONFIDENCE
PARAMETER B ERROR T SIG. INTERVAL
Lower Upper
Bound Bound
Intercept 1.977 2.758 717 475 -3.491 7.445
Tertiles of early GWG (g/wk)
-174 to 204 -914 .889 | -1.028 .306 -2.677 .849
216 to 364 407 .807 .505 .615 -1.192 2.007
375 to 932 0(a) i ) } . )
Pre-pregnancy BMI (kg/m?) -.102 115 | -.890 .375 -.331 126
Late GWG (g/wk) .009 .002 | 4.981 | <0.0001 .005 .013
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Appendix 3.3

PWR at 6 months postpartum and timing of GWG. Interaction of pre-pregnancy

BMI and rate of early GWG

RZ

95%
STD. CONFIDENCE

PARAMETER B ERROR SIG. INTERVAL

Lower Upper

Bound Bound
Main effects
Intercept -4.894 2.104 .022 -9.067 -722
Pre-pregnancy BMI (kg/m°)
<19.9 4,185 3.234 .198 -2.227 10.597
20-24.9 2.128 1.517 .164 -.881 5.137
25-29.9 125 1.451 .932 -2.751 3.001
> 30 (Reference group_ - . . . .
Early GWG (g/wk) .017 .007 .011 .004 .030
Late GWG (g/wk) .010 .002 .000 .007 .013
Gestational age at first 313 138| 025|040 586
measurement
Predominant exclusive
breastfeeding (% of days) -.020 .011 .074 -.041 .002
Parity (n. children) 424 .194 .031 .039 .809
Interaction
Rate early GWG (g/wk) by Pre- 0.049
pregnancy BMI (kg/m?)
<19.9 -.024 .010 .025 -.044 -.003
20-24.9 -.019 .007 .008 -.033 -.005
25-29.9 -.017 .007 .026 -.031 -.002
> 30 (Reference) i

0.369
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CHAPTER 4

GESTATIONAL WEIGHT GAIN AND RISK OF OVERWEIGHT AND OBESITY
IN RURAL GUATEMALAN WOMEN

Abstract
Objectives: To investigate the association of pregnancy weight gain (total and timing)
and: a) risk of having a high postpartum weight retention and b) risk of becoming
overweight and obese at 6 months postpartum in rural Guatemalan Women.

Methods: We studied Guatemalan women with a single pregnancy between 1996-
1999 who gave birth to singleton, term infants and who were followed for six months
postpartum. Results: From a multivariate logistic model, after adjusting by pre-
pregnancy BMI and infant birth weight, the risk of retaining more than 4 kg (high
PWR) at 6 months postpartum increased by 50% for every kilogram of GWG
(p<0.001). After adjusting for initial BMI, the risk of becoming overweight in women
with pre-pregnancy BM1=20-24.9 kg/m? and the risk of becoming obese in women
with pre-pregnancy BMI=25-29.9 kg/m? increased by 40% and by 200% respectively
for every kilogram of total GWG. The association between risk of becoming
overweight and total GWG was modified by breastfeeding practices. The late GWG
was associated with greater risk of becoming overweight at 6 months postpartum,
whereas the early GWG was not. Conclusions: Even though a great proportion of the
women gained less weight during pregnancy than the current Institute of Medicine
(IOM) recommendations, the total gestational weight gain (GWG) and its timing were
associated with a greater risk to become overweight at 6 months postpartum.
Prolonged predominant exclusive breastfeeding reduced the risk of becoming
overweight at 6 months postpartum.

Research support: AAUW and NIH grant RO1 TWO005598 to Emory University
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Introduction

Obesity has increased in the last decade in both developed and developing
countries. It constitutes a major public health problem in developed countries and it is
becoming a major burden in developing nations. It is well recognize that excess body
weight is associated with increased risk of type 2 diabetes, cardiovascular disease, and
several cancers [1].

In Latin America, the prevalence of women considered as overweight and
obese by World Health Organization (WHO) classification (Body Mass Index > 25
kg/m?), ranges from 11.5% in Haiti to 44.9% in Peru. High prevalence are also seen in
the Dominican Republic (38%), Guatemala (34.2%), and Mexico (33.5%)[2] . The
prevalence seen in these countries of Latin America is reaching the prevalence of
overweight and obesity observed in US women in 2000 (64.5%) [3]. These figures
indicate that obesity is a public health concern among Latin American women.

Pregnancy-related weight gain has emerged as a potential cause of increased
adiposity. Pregnancy is a critical period during which good maternal nutrition is a key
factor influencing fetal growth and the health of both the child and the mother [4]. The
current gestational weight gain recommendations from the Institute of Medicine
(IOM) are based mainly on epidemiologic evidence concerning the effects of
gestational weight gain on birth weight as a reflection of fetal growth [5]. The
recommended range of weight gain varies depending on maternal pre-pregnancy body

mass index (BMI). In developed countries, excessive weight gain during pregnancy
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has been considered a possible cause of postpartum weight retention and obesity in
women [6].

The role of the reproductive cycles on the development of obesity in women
from developing countries, where the total gestational weight gain (GWG) is usually
below the current recommendations, has been less explored. Studies evaluating the
association between parity and postpartum weight retention have been conducted in
Brazil [7, 8]. However, the weight gain in the Brazilian populations was similar to the
GWG seen in developed countries. In a previous study (Hernandez-Cordero, et al.
Manuscript in preparation) we found that in a rural Guatemalan population where
70% of the women gained less weight during pregnancy than the current IOM
recommendations, the GWG, specifically during the second half of pregnancy, was
associated with greater postpartum weight retention at 6 months. The public health
implications of greater postpartum weight retention in women from developing
countries are not known.

In this article, we explored the association of total GWG and its pattern with a)
risk of having high postpartum weight retention at 6 months and b) the risk of moving
up one BMI category from pre-pregnancy to 6 months postpartum in Guatemalan
women who started pregnancy with a BMI between 20 and 29.9 kg/m?.

The specific objectives were:

To explore the association of total gestational weight gain (GWG) and its patterns
with:
a) the risk of having a high postpartum weight retention (high PWR) at 6 months
b) the risk of becoming overweight or obese at 6 mo postpartum in
c) To explore modifying effects of breastfeeding practices on the risk of

developing overweight and obesity at 6 months postpartum
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Methods

Subjects and study design: Data for this analysis were collected as part of a
longitudinal study between 1996 and 1999, which described patterns of fetal growth,
measured by ultrasound, as well as to determine when during gestation growth
faltering can be detected in rural Guatemala [9]. The study focused on four
predominantly Ladino communities in rural eastern Guatemala. All pregnant women
between 19 and 34 years old in the four communities were invited to participate in the
study.

In order to explore the public health implication of reproductive events that
might increase the risk of developing overweight and obesity, the current analysis was
restricted to women who were at risk to develop overweight or obesity, hence, only
women with pre-pregnancy BMI between 20 and 24.9 kg/m? and between 25-29.9
kg/m? were included, assuming that women would move up only one BMI categories
over the course of a reproductive event. The final sample size and selection criteria

varied depending upon the outcome variable (table 4.1).

Data collection: Pregnant women who agreed to participate received free prenatal care
four times during pregnancy from a field staff nurse employed by the project. The
methods of data collection between 1996 and 1999 are described in detail elsewhere
[10]. Briefly the following measurements were taken in women during pregnancy and
postpartum:

Anthropometry: Height was measured once during a pre-natal visit, whereas weight
was measured at various times as follows:
To obtain pre-pregnancy weight, all women in the communities were visited once
every three months in order to determine if pregnant by recall of the last menstrual

period. The weight measure from the visit closest but prior to the last menstrual period
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was considered as the pre-pregnancy weight. b) To obtain pregnancy and postpartum

weights, measurements were taken four times: 1) at median gestational age of 8 wks

(range: 4 to 13 wks), 2) At median gestational age of 18 wks (range: 17 to 22 wks), 3)

Median gestational age of 35 wks (range: 26 to 35 wks) 4) At 6 mo postpartum (range

5 to 6 months). All measurements were taken by highly trained personnel, who were

frequently standardized.

Table 4.1 Final sample sizes for the different outcomes and objectives

Outcome Objective Selection criteria n
High PWR at | To explore risk of high e Women with data on GWG 137
6 months PWR at 6 months and e Pre-pregnancy BMI1=20-29.9

total GWG kg/m?

To explore risk of high e Women with data on early and | 95

PWR at 6 months and late GWG

timing of GWG e pre-pregnancy BMI1=20-29.9

kg/m?

Overweight at | To explore risk to e Women with data on GWG 90
6 months develop overweightat6 | e Pre-pregnancy BMI=20-24.9
postpartum months postpartum and kg/m?

total GWG

To explore risk to e Women with data on early and | 62

develop overweight at 6 late GWG

months postpartumand | e  Pre-pregnancy BMI=20-24.9

timing of GWG kg/m?
Obesity at 6 To explore risk to e Women with data on GWG 47
months develop obesity at 6 e Pre-pregnancy BMI=25-29.9
postpartum months postpartum and kg/m?

total GWG

Breastfeeding: Breastfeeding data were collected through questionnaire. Trained

interviewers administrated a retrospective questionnaire every two weeks to caregivers

(mostly mothers) in their homes. Caregivers were asked the feeding status of the baby
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everyday during the previous 14 days. The feeding status was assigned to one of five
categories [11]: no breast milk-feeding, breastfeeding with other fluids, breastfeeding

with formula, breastfeeding with solids, and exclusive breastfeeding.

Maternal Diet: A semi quantitative food frequency questionnaire (FFQ) was
administrated once during pregnancy and at 6 months postpartum to assess dietary
intake over the previous three months. The FFQ consisted on 207 food items including
food and dishes. Participants were asked about the frequency (per day, week, month,
or never) of consumption. Portion size was collected using natural units and household

portion sizes. These data were used to calculate dietary energy intake in kilocalories.

Socioeconomic status (SES): A measure of house quality was used as a proxy for SES.
Nine variables describing house quality were assessed through questionnaire, which
was applied at the family level. The questionnaire measured an overall rating of type
of house, ownership of the house, number of rooms, type of floor, wall and roof,
location of the kitchen, type of toilet and number of household possessions. With this

information an SES index was generated using factor analysis [12].

Variables: Outcome variable:

High postpartum weight retention at 6 months postpartum:

We defined the PWR at 6 months as the absolute difference between women’s weight
measured at 6 months postpartum and their pre-pregnancy weight. Women where then
classified into two groups:

0 Women with high postpartum weight retention (High PWR), defined as PWR > 4 kg
o0 Women with low postpartum weight retention (low PWR), defined as PWR < 4 kg.

Four kilograms corresponded to the 75™ percentile of the PWR for this sample.
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Overweight and obesity at 6 mo postpartum: Using the WHO criteria [13],
overweight and obesity were defined as BMI (weight / height ?) 25-29.9 kg/m? and >

30 kg/m? respectively.

Predictor variables:

Gestational weight gain (GWG): Total GWG was calculated as the difference between

the pre-pregnancy weight and weight at the end of pregnancy (last measurement was
taken 5.4 + 2.2 weeks before delivery). The procedures followed to correct total
GWG for the weight gained between the last measurement of weight and date of
delivery are described in detail elsewhere (Hernandez-Cordero, et al manuscript in
preparation). The correction assumes that all women gained weight at the same rate
during late pregnancy. Briefly, the total corrected GWG was estimated as follows:
In a sample of women with at least three measurements of weight during pregnancy a
mixed regression model was developed that predicted weight for gestational while
taking account of the correlation of repeated measurements for each woman [14].
Subject and gestational week were fitted as random effects. With the final regression
model the following weights were estimated for each woman:

3) The estimated weight when the last measurement was taken

4) The estimated weight at time of birth
We compute then the difference between the estimated weight at time of birth and the
estimated weight at the last measurement. This difference was added to the total
observed weight gain (from pre-pregnancy to the time of last measurement), obtaining
the corrected total GWG.
In the analysis of total GWG, the corrected total GWG was used, hereafter called

“total GWG”. The same was applied for the analysis of the timing of GWG, where the
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corrected weight at delivery was used to estimate the rate of GWG in the second half

of pregnancy (see below).

Timing of GWG: The selection criteria and procedures followed to estimate the rate of

GWG in the first and second half of pregnancy are described in detail elsewhere
(Hernandez-Cordero S, et al. Manuscript in preparation). Briefly, we defined mid
pregnancy as 17-23 weeks of pregnancy. The rate of GWG in the first and second half
of pregnancy was estimated as follows:
e Rate of GWG first half = (Mid pregnancy weight — early pregnancy weight)/ time
between measurements
e Rate of GWG second half = (End pregnancy corrected weight — mid pregnancy weight
/ time between measurements
It is important to recognize that for the rate of GWG in the first half, the early
pregnancy weight was used rather than the pre-pregnancy weight. In this sample, the
early pregnancy weight was a good estimator of the pre-pregnancy BMI (R?= 0.948,
p<0.0001). In order to estimate the rate of GWG in the second half the total corrected
GWG was used. For the statistical analysis the rate GWG in the first and second half
in g/wk were used. For simplicity, they are referred as: early GWG and late GWG
respectively.

Pre- pregnancy body mass index (BMI): Pre- pregnancy BMI was calculated as:

weight (kg)/ height® (m?). It was used as a selection criterion and as a predictor
variable. Only women with pre-pregnancy BMI between 20 and 29.9 kg/m? were
included in the current analysis, on the assumption that only women in this range are
likely to gain sufficient weight to move into the overweight and obese categories. In
the statistical analysis pre-pregnancy BMI was included as a continuous variable when

it was controlled as a confounder.
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Construction of breastfeeding practices variable: For the variable ’Percentage of

days of predominant exclusive breastfeeding (EBF’*), we considered as predominant
exclusive breastfeeding women who gave their infants nothing but breast milk and
breast milk with other non-milk fluids [15]. We identified the number of days with
either of the above feeding categories recorded biweekly within the first 180 days after
birth and estimated the percentage of days of EBF by dividing the number of days

with predominant EBF by the total number of days with data on feeding status.

Other variables: In addition to the main predictor variables, variables identified from

previous studies as potential confounders were included in the analysis. These are age
of the mother at delivery, parity ( including the index pregnancy), reported energy
intake during postpartum, maternal education (in schooling years), and SES. Results

are reported only for models with statistically significant variables.

Statistical analysis

Data were entered in duplicate and cleaned at the INCAP computing center
(using Epi-info 6.04) [10]. The analysis was done using SPSS for Windows version
13.0 and SAS version 9.1.

The dataset was screened for outliers. When a potential extreme value was
found, individual cases were explored to assure that values were biologically
plausible. Those not plausible were deleted and considered as missing values.
Descriptive analysis was done using t-test for continuous variables and chi® for
categorical variables.

To describe the characteristics of women with high PWR at 6 months,

comparisons of means between high and low PWR groups are presented. Logistic
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regression models were fitted to explore the characteristics associated with a greater
risk of having a high PWR (> 4 kg). The association between risk of becoming
overweight (BMI1=25-29.9 kg/m?) or obese (BMI > 30 kg/m?) and total GWG, early
GWG and late GWG were also tested with logistic regression. To explore the risk of
becoming overweight at 6 mo postpartum, only women with pre-pregnancy BMI=20-
24.9 kg/m? were included. Whereas, to explore the risk of becoming obese at 6 months
postpartum, only women with pre-pregnancy BMI=25-29.9 kg/m? were included in
this analysis.
Interactions of postpartum characteristics (breastfeeding practices) and total GWG
were tested as well. To explore the interactions in the analysis of the timing of GWG,
two models were fitted. The first model tested the interaction between postpartum
maternal characteristics and early GWG, controlling by late GWG. The second model
tested the same maternal characteristics but including the interaction with late GWG,
adjusting by early GWG. For both main effects and interactions, p-values <0.05 were
considered as statistically significant.
Results

We were interested in exploring the public health implications of the changes
in weight during pregnancy and postpartum on maternal health. We first describe the
association between total GWG and risk of having a high PWR and the risk of
becoming overweight and obese at 6 months postpartum. Then, we describe
association between timing of GWG and the risk of high PWR and risk of becoming

overweight at 6 months postpartum.
Total GWG

Women selected for the current analysis (n=137) were on average 26 y old,

they had had 4 children. The range of maternal education was between 0-12 years of
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schooling. Their offspring’s birth weight was 3.1 kg. The pre-pregnancy BMI was 24
kg/m?. They had a total GWG of 8.2 kg. At six months postpartum, women had
retained an average of 1.2 kg and 25% had PWR greater than 4.0 kg (table 4.2). Eighty
one percent of women in this sample gained weight during pregnancy that was outside
the recommended adequate range (71.5% gaining below and 9.5% above the current

IOM [16]recommendations).

Table 4.2 Descriptive socio-demographic characteristics and nutritional status
before, during and after pregnancy

TOTAL SAMPLE PRE-PREGNANCY
BMI KG/M?
N=137 20-24.9 25-29.9
N= 90 N=47
MEAN SD MEAN SD MEAN SD
Offspring’s birth weight 31 0.4 3.0 0.4 32 0.4
ka) . } ) : . }
Maternal age (y) 26.2 4.4 25.9 4.4 26.7 4.5
Parity (n. children) 35 1.7 35 1.8 3.6 15
Maternal education (y) 362 27 3.5° 26 3.8° 3.0
Pre-pregnancy BMI (kg/m’) 23.9 29 22.1 14| 274 16
Total GWG (kg) 8.2 4.1 9.2 3.8 6.2 3.9
BMI af 6 mo postpartum 245 3.2 228 22| 276 23
(kg/m°)
PWR at 6 mo (kg) 12 4.3 16 4.0 0.3 4.6
Intensity of BF at 6 mo
postpartum 2.9 0.8 2.9 0.7 2.7 1.0
Days of predominantly EBF
(% days) 74.4 31.0 76.2 28.4 71.0 35.7

4n=121; ® n=78; * n= 43

a) High PWR (> 4 kg) at 6 months

In the complete sample (n=137), we explored the characteristics of women
who retained more than 4 kg at 6 months postpartum (High PWR). We found that
women with high PWR at 6 months had a greater total GWG compared to women

with a low PWR (PWR at 6 mo < 4.0 kg) (figure 4.1). In spite of the greater total
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GWG in women with high PWR, there was no difference in the offspring’s birth
weight between the two groups. Women with PWR > 4 kg had a greater BMI at 6
months postpartum (23.8 + 2.9 vs. 26.4 + 3.0 kg/m? in low and high PWR groups
respectively, p< 0.001).

18
16 - p <0.001

14 -

12 - p <0.001
10

OLow PWR
p=0.3 W High PWR

- "

Offspring’s birth Total GWG PWR at 6 mo
weight

an=101
bn=36

Figure 4.1 Characteristics of women with low? and high® PWR at 6 months
postpartum

We further explored characteristics associated with the risk of having high
PWR at 6 months. We found that total GWG was positively associated with a greater
risk of having high PWR (table 4.3). After adjusting by pre-pregnancy BMI and
breastfeeding practices, the risk of retaining more than 4 kg at 6 months postpartum

increased by 50% for every kilogram of total GWG. In contrast, the breastfeeding
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practices were negatively associated with the risk of having high PWR (p=0.02). Thus
the risk of having a high PWR at 6 months decreased by 30% for every month of

predominantly exclusive breastfeeding.

Table 4.3 Characteristics associated with risk of having high PWR at 6 months
postpartum

95 % C.I.
ODDS LOWER UPPER P-VALUE
Constant 005 .034
Pre-pregnancy BMI (kg/m?) 1.1 0.9 1.3 0.2
Total GWG (kg) 1.5 1.3 1.8 <0.0001
g;ig?minantly exclusive breastfeeding (% 0.98 0.97 0.99 0.02

b) Risk of becoming overweight at 6 months postpartum in women with initial
BM1=20-24.9 kg/m?

For the 90 women with an adequate pre-pregnancy BMI=20-24.9 kg/m?, we
explored the association between the risk of becoming overweight at 6 months
postpartum and total GWG. Eighteen percent of women who started pregnancy with
adequate BMI moved to the higher BMI category (25-29.9 kg/m?). Women who
became overweight at 6 mo postpartum started pregnancy with a greater BMI, and had
a greater total GWG compared to women who remained in the same BMI category or
women who moved down one category (table 4.4). Women who did not change BMI
category from pre-pregnancy to 6 months postpartum, retained on average 1.0 + 3.1
kg, compared to 6.4 + 4.1 kg of weight retained for women who became overweight at

6 months postpartum.
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Table 4.4 BMI before, and weight gain during pregnancy by BMI at 6 months
postpartum in women with pre-pregnancy BM1=20-24.9 kg/m?

BMI AT 6 MO POSTPARTUM (KG/M?)

<19.9 20249 | 25200 |P-value
(n=7) (n=67) (n=16)
Pre-pregnancy BMI (kg/m®) Mean 20.7 21.9 23.3 <0.0001
SD 0.8 1.3 1.0
Total GWG (kg) Mean 65 50 11 03
SD 4.4 35 41
PWR at 6 mo (kg) Mean Y 1o v 50001
Sb 2.1 3.1 4.1
BMI at 6 mo postpartum (kg/m") | Mean 19.1 22.4 26.2|  <0.0001
SD 0.7 1.4 1.1

There was a significant association between the risk of becoming overweight at

6 months postpartum and total GWG. After adjusting for initial BMI, the odds of

becoming overweight at 6 months postpartum increased by almost 40% for every

kilogram of total GWG (p=0.002). As expected, pre-pregnancy BMI was also

associated with greater odds of becoming overweight at 6 months postpartum. The risk

of going from pre-pregnancy BMI between 20-24.9 kg/m? to BMI between 25-29.9

kg/m? at 6 months postpartum increased almost 4 times for every unit of pre-

pregnancy BMI (P<0.0001) (Appendix 4.1). The association between risk of

becoming overweight and total GWG was modified by breastfeeding practices

(interaction p-value= 0.04). For women who never predominantly exclusively breast

fed during the first 6 months postpartum the odds of becoming overweight increased

by 10.5 times for every kilogram of total GWG. On the other hand, for women who

predominantly breastfed exclusively for 6 months, there was no association between

the risk of becoming overweight at 6 months postpartum and total GWG (Figure 4.2).
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Figure 4.2. Odds of becoming overweight at 6 months postpartum by
breastfeeding practices’?

c) Risk of becoming obese at 6 mo postpartum in women with initial BM1=25-29.9
kg/m?

Forty seven women with initial BMI between 25-29.9 kg/m? were selected for
this analysis (table 4.2). From these women, 14.9 % (n=7) became obese at 6 months
postpartum. Not surprisingly, women who moved up to a higher BMI category (BMI
> 30 kg/m?) had a greater pre-pregnancy BMI compared to women who stayed in the
same or moved down one BMI category (29.1 + 0.5 vs. 27.2 + 1.5 kg/m? respectively,
p<0.001 ). Women who became obese at 6 months postpartum had a slightly higher
total GWG than those who remained overweight; however, the difference was not

statistically significant. Overweight women who stayed in the same BMI category had
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a PWR at 6 months of 0.6 + 4.0 kg, compared to 4.8 + 1.3 kg of weight retained in
women who had BMI > 30 kg/m? at 6 months postpartum (p< 0.0001) (Appendix 4.2).
We found that the odds of becoming obese was associated with total GWG in
women who had a pre-pregnancy BMI between 25-29.9 kg/m?. After adjusting for
pre-pregnancy BMI and breastfeeding practices, the risk of being obese at 6 months

postpartum increased by two fold for every kilogram of total GWG (table 4.5).

Table 4.5. Odds of becoming obese at 6 months postpartum in women with pre-
pregnancy BMI between 25 and 29.9 kg/m?

95% CI
P-

ODDS Lower Upper VALUE
Constant .000 0.03
Pre-pregnancy BMI (kg/m°) 10.7 1.1 90.5 0.04
Total GWG (kg) 2.0 1.1 3.7 0.03
Predominantly exclusive breastfeeding 0.98 0.84 1.01 0.2
(% days)

Pre-pregnancy BMI was associated wit the odds of becoming obese at 6
months postpartum in women with pre-pregnancy BMI=25-29.9 kg/m?. The odds of
becoming obese increased by almost 11 fold, for every kg/m? increase in pre-

pregnancy BMI (p=0.04).

Timing of GWG

a) High PWR (> 4 kg) at 6 months

We further explored whether the timing of GWG is associated with high PWR
(PWR > 4 kg) at 6 months. Women who started pregnancy with BMI=20-29.9 kg/m?
and with data on weight gain in the early and late pregnancy (n=95) were included in

this analysis.
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Women with a high PWR at 6 months had a higher GWG in late pregnancy
compared to women with low PWR (577 + 239 g/wk vs. 380 + 193 g/wk in high and
low PWR respectively, p<0.0001), whereas there was no difference in the weight
gained in early pregnancy between the two groups (272.4 + 221.2 vs. 314.7 + 160.3
g/wk for low PWR and high PWR respectively, p=0.4). The average of BMI at 6
months postpartum was higher in women with high PWR (25.8 + 3.0 vs. 24.1 + 2.9 for
high and low PWR respectively, p=0.009) (Appendix 4.3).

After adjusting for pre-pregnancy BMI, we found that the late GWG, but not
the early GWG, was associated with a greater risk of having high PWR at 6 months
(table 4.6). The odds of retaining more than 4 kg at 6 months postpartum increased by

almost 50% for every 100 g/wk of total weight gained in late pregnancy.

Table 4.6 Odds of PWR > 4 kg at 6 months postpartum and timing of GWG

95.0% C.I.
P-
ODDS Lower Upper VALUE
Constant 1.18 0.950
Pre-pregnancy BMI (kg/m?) 0.882 0.725 1.072|  0.207
GWG early pregnancy (kg) 1.000 0.997 1.002 0.881
GWG late pregnancy (kg) 1.004 1.002 1.007 0.001

b) Risk of becoming overweight at 6 months postpartum

We first selected women with an adequate pre-pregnancy BM1=20-24.9 kg/m?
and complete data on early and late GWG (n=62). Women selected for this analysis
were on average 26 years old, a mean pre-pregnancy BMI of 22 kg/m? and had a total
GWG of 9.7 + 3.2 kg. The early and late GWG was 340 + 185 g/wk and 463 + 212
g/wk respectively. The mean PWR at 6 months was 2.1 + 3.8 kg (Appendix 4.4).

We explored the association between the risk of becoming overweight at 6

months postpartum and timing of GWG. Almost 23% of women who started
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pregnancy with a BMI considered as adequate moved to the higher BMI category (25-
29.9 kg/m?) by 6 months postpartum. Women who moved to a higher BMI category
between pre-pregnancy and 6 months postpartum started pregnancy with a greater
BMI, compared to women who stayed in the same pre-pregnancy BMI category (pre-
pregnancy BMI=23.6 + 0.8 vs. 21.9 + 1.4 respectively, p <0.0001). Furthermore,
women who became overweight at 6 months postpartum retained more weight than
women with BM1=20-24.9 kg/m? at 6 mo postpartum (5.7 + 3.5 vs. 1.3 + 3.0 kg
respectively, p <0.0001) (Appendix 4.5).

The late GWG was associated with greater odds to become overweight at 6
months postpartum, whereas the early GWG was not (table 4.7). For every 100 g/wk
gained during late pregnancy, the risk of becoming overweight at 6 months
postpartum increased by 49% (p=0.04). Other characteristics associated with a greater
risk to become overweight at 6 months postpartum were pre-pregnancy BMI

(p=0.002) and maternal age (p=0.05).

Table 4.7. Odds of becoming overweight at 6 mo postpartum and timing of GWG
in women with pre-pregnancy BM1=20-24.9 kg/m?

P-
ODDS 95.0% C.1. VALUE
LOWER Upper

Constant .000 0.001
Pre-pregnancy BMI (kg/m®) 4.265 1.676 10.858 0.002
GWG early pregnancy (g/wk) 0.997 0.991 1.002 0.209
GWG late pregnancy (g/wk) 1.004 1.0001 1.008 0.04
Maternal age (y) 1.262 1.002 1.589 0.05
Parity (multiparous vs. primiparous) 0.06 0.002 1.942 0.112

Discussion
In our previous study (Hernandez-Cordero, et al. Manuscript in preparation),

we found that even though 70% of the women gained less weight during pregnancy
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than the current Institute of Medicine (I0M) recommendations, the gestational weight
gain (GWG) was associated with a greater postpartum weight retention (PWR). We
were interested on exploring the public health implications of the changes in weight
during pregnancy and postpartum on maternal health later in life. Therefore, we
looked first for the characteristics associated with a high weight retention (defined as
weight retention greater than 4 kg) at 6 months postpartum. Second we explored the
association between the total GWG as well its timing and the risk of becoming
overweight and obese at 6 months postpartum.

In order to study the importance of pregnancy on adult weight development, it
is necessary to follow the women for a sufficient length of time after delivery to
ascertain the full effect of pregnancy and the major changes in life style [17]. Our
outcome variables were high PWR, overweight and obesity at 6 months postpartum. It
is not known whether overweight and obesity at 6 months postpartum resulting from
excessive GWG persists into later life. However, in a sub sample of 72 women with
weight measurements at 6 and 12 months, 20 (29%) had a weight retention greater
than 4 kg at 6 months postpartum, and 12 of these women (62 %) still retained more
than 4 kg at 12 months postpartum. Additionally, the BMI at 6 months postpartum was
highly correlated with the BMI at 12 months postpartum (Pearson correlation= 0.947,
p <0.0001). Furthermore, for all women who were overweight (BMI=25-29.9 kg/m?)
at 6 months postpartum, 86% remained overweight at 12 months postpartum.

There have been few studies exploring the effect of pregnancy weight gain and
postpartum weight retention on maternal obesity later in life. In a cohort study in
Sweden, the authors found that weight retention at the end of the postpartum year
predicted overweight 15 years later [18]. The main conclusion of this longitudinal
study was that women with both high weight gain during pregnancy (defined as GWG

> 15.6 kg) and high weight retention at 12 months postpartum (mean PWR 2.9 + 4.0
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kg) had higher BMI at 15 years follow-up. Our results show that the higher the total
GWG, the greater the risk of having a high PWR (PWR > 4 kg) and moving up one
BMI category from pre-pregnancy to 6 months postpartum. Considering Linne’s
results, and ours, we might conclude that in Guatemalan women with a high total
GWG are likely to be at a higher risk to be overweight and obese in long term as a
result of one reproductive event.

We found that in Rural Guatemalan women 25% of the study population had
postpartum weight retention (PWR) greater than 4 kg (high PWR) at six months.
Women with a high PWR gained approximately 4 kg more weight during pregnancy
compared to women with a low PWR. The proportion of women with high PWR and
its association with weight gain during pregnancy are consistent with results from
healthy US women [19]. For example, Olson and colleagues explored the relative
importance of gestational weight gain, postpartum exercise, food intake and
breastfeeding on weight change from early pregnancy to 12 months postpartum. In
this study of a rural population in New York , women started pregnancy with an
adequate BMI (50.6% of women with BMI 19.8-26 kg/m?), and a large proportion
(42%) gained more than the guidelines recommended by the IOM. On average these
women retained 1.5 + 5.9 kg at 12 months postpartum and 25% of the sample had a
PWR greater than 4.5 kg.

In the sample of rural Guatemalan women we observed that total GWG was
associated with a greater risk of becoming overweight at 6 months postpartum in
women with pre-pregnancy BMI=20-24.9 kg/m?, as well as with increased risk of
becoming obese in women with pre-pregnancy BMI=25-29.9 kg/m® Our findings of
the association between risk of becoming overweight after one reproductive event and
total GWG are consistent with results from healthy US women, with higher GWG
[20].
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Breast feeding patterns appear to play an important role in controlling the
weight retained at 6 months postpartum. There is an independent effect of
predominant exclusive breastfeeding (EBF) on the risk of retaining more than 4 kg,
and the association between risk of becoming overweight at 6 months postpartum and
total GWG was modified by breastfeeding practices. At same total GWG, women who
predominantly exclusively breastfed their infants for the first 6 months had a lower
risk to become overweight, compared to women with no EBF. Hence, the promotion
of exclusive breastfeeding for six months would be a strategy to decrease the risk of
overweight at 6 months postpartum. Our results provide additional rationale for the
WHO recommendation of exclusive breastfeeding for 6 months and also support the
importance of breastfeeding on preventing postpartum weight retention and hence
overweight and obesity in women. There are several studies, both in developed and
developing countries where breastfeeding is associated with a lower weight retention
[7, 21].

Another important finding of the current study, is that the weight gained in late
pregnancy (after the 20" week of pregnancy), but not the weight gained in early
pregnancy (before the 20" week), was associated with a greater risk of retaining 4 kg
and becoming overweight at 6 months postpartum. One important implication of this
finding is that, besides monitoring total weight gain during pregnancy, it is important
to monitor the weight gain in late pregnancy in order to prevent maternal obesity. To
our knowledge, there are few studies exploring the timing of GWG and maternal
obesity in the postpartum period. Our findings on timing of GWG are consistent with
results from both developed and developing countries [22],[23].

As expected, another maternal characteristic associated with a greater risk to
retain weight and become overweight and obese at 6 months postpartum was the pre-

pregnancy BMI. After adjusting for total GWG and breastfeeding practices, the higher
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the pre-pregnancy BMI the higher is the risk of retaining 4 kg and becoming
overweight and obese at 6 months postpartum. In women with pre-pregnancy BMI
considered adequate (BMI1=20-24.9 kg/m2) the risk of becoming overweight
increased almost four times for every kg/m? of increase in pre-pregnancy BMI. In
women with pre-pregnancy BMI between 25-29.9 kg/m? (overweight) the risk of
becoming obese increased 10 times for every unit of increase in pre-pregnancy BMI.
Consistent with this finding, a Brazilian study showed that in parous women between
15to 49y of age, the pre-pregnancy BMI was the most important independent
predictor of BMI at 29 months after the last delivery [7].

There are several implications of the finding of pre-pregnancy BMI as an
important predictor of overweight and obesity at 6 months postpartum. First, current
GWG recommendations from the IOM and WHO are based on pre-pregnancy BMI
[5]. The pre-pregnancy BMI is divided into three categories (low, normal and high
BMI). For each category there is a recommended total weight gain range. Our findings
show that even among women with an adequate BMI before pregnancy, the higher the
pre-pregnancy BMI the higher the risk of becoming overweight at 6 months
postpartum. Hence, it might be useful to recommend women with pre-pregnancy BMI
close to the upper limit of the “normal” BMI category, to strive for gains at the lower
end of the recommended total GWG range.

Second, the magnitude of the association of the risk of becoming overweight
and obese and pre-pregnancy BMI was higher than the association for the net GWG.
Ideally the best way to prevent overweight and obesity would be through the
promotion of an adequate weight for height before pregnancy. However, providing
nutrition education to all childbearing women is difficult and not very feasible in most
of developing countries, where resources directed to prevention are scare. Thus, it

might be more feasible to implement nutritional interventions in women during
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prenatal care and in the postpartum period. The nutritional interventions during
pregnancy might be focused on promoting adequate weight gain through healthy diet
and increased moderate physical activity. Whereas, during the postpartum period, the
focus would be on promotion of exclusive breastfeeding for at least six months and
reinforce the importance of an adequate diet and increase physical activity level in
order to maintain milk production and to help women to achieve an adequate weight
for their height.

To our knowledge, this is the first study examining the effect of total GWG
and its timing on the risk of developing overweight and obesity in a developing
country undergoing a nutrition transition, where a great proportion of women did not
achieve the widely recognized adequate GWG.

Some limitations in this study must be considered. The major limitation is the
lack of measurements of physical activity during pregnancy and the postpartum
period. One of the primary contributors of energy expenditure, and hence energy
balance, is physical activity. In other studies, it was found that postpartum exercise
frequency was significantly associated with lower PWR at 12 months [19],[24].
Hence, women with a greater exercise frequency would have lower BMI in the
postpartum period, through lower weight retention. Unfortunately, we were not able to
explore this phenomenon in these Guatemalan women.

Another limitation was the small sample size of women who started pregnancy
overweight (pre-pregnancy BM1=25-29.9 kg/m?) and became obese at 6 months
postpartum (n=7). Even though, this sample size was sufficient to find an association
between total GWG and the risk of becoming obese at 6 months postpartum, the small
sample size reduced the ability to show an association with timing of GWG and to

explore interactions.
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Considering these limitation, our data show that in this rural Guatemalan
population, even though a great proportion of the women gained less weight during
pregnancy than the current Institute of Medicine (IOM) recommendations, the total
gestational weight gain (GWG) and its timing were associated with a greater risk to
become overweight at 6 months postpartum. The greater risk of becoming overweight
at 6 months postpartum due to total GWG was reduced by breastfeeding practices, in

particular, the percentage of days of predominant exclusive breastfeeding.
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APPENDIX 4.1

Risk of becoming overweight at 6 months postpartum and net GWG in women with
re- pregnancy BMI between 20 and 24.9 kg/m? (n= 90)

STANDARD
ERROR
ODDS OF ODDS P-VALUE
Constant 000 <0.001
Pre-pregnancy BMI (Kg/m®) 35 13 <0.001
Total GWG (kg) 1.4 1.6 0.002
-2 Log likelihood 52.605
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APPENDIX 4.2

BMI before and weight gain during pregnancy by BMI at 6 months postpartum in
women with pre-pregnancy BMI between 25 and 29.9 kg/m?

BMI AT 6 MO POSTPARTUM

(KG/M?)
20-24.9 25-29.9 >30

(n=7) (n=33) (n=7) p-value

Pre-pregnancy BMI (kg/m?) Mean 26.5 27.2 29.1 .002
SD 1.1 15 0.5

Total GWG (kg) Mean 6.7 55 9.0 .083
SD 3.1 3.9 2.8

PWR at 6 mo pp (kg) Mean 5.8 647 4.8 | <0.0001
SD 2.2 4.0 1.3

BMI at 6 mo postpartum (kg/m?) Mean 23.9 27.6 31.2 | <0.0001
SD 0.9 1.3 0.6
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APPENDIX 4.3

Characteristics of women with low and high PWR at 6 months

PWR AT 6 MO
POSTPARTUM (KG)
<4 >4
(n=68) (n=27) P-value
Pre-pregnancy BMI (kg/m®) Mean 24.3 23.1 0.09
sD 2.9 2.8
Total GWG (kg) Mean 7.4 11.7 <0.0001
SD 3.4 3.4
GWG early pregnancy (g/wk) Mean 272.4 314.7 0.4
SD 221.2 160.3
GWG late pregnancy (g/wk) Mean 380.0 577.0 <0.0001
SD 193.0 239.0
BMI at 6 mo postpartum (kg/m‘) Mean 24.1 258 0.009
sD 2.9 3.0
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APPENDIX 4.4

Risk of becoming overweight at 6 months postpartum and timing of GWG.
Characteristics of sample women with pre-pregnancy BMI between 20-24.9 kg/m?
(n=62)

Percentiles
MEAN SD 25 50 75
Birth weight of the offspring (kg) 3.0 05 27 3.0 3.4
Maternal age (y) 25.8 4.2 22| 255 29
Parity (n. children) 3.4 16 2 3 4
Maternal education (y) 3.2 26 1 3 6
Pre-pregnancy BMI (kg/m?) 22.2 15| 207 223| 235
Total GWG (kg) 9.7 3.2 7.8 94| 117
GWG early pregnancy (g/wk) 339.6 184.9| 2159 323.9| 455.8
GWG late pregnancy (g/wk) 463.4 212.6| 307.6| 427.3| 564.0
BMI at 6 mo postpartum  (kg/m?) 23.1 22| 214| 233| 243
PWR at 6 mo postpartum (kg) 21 3.8 07 16 43
Intensity of BF at 6 mo postpartum 2.9 0.8 28 3.1 35
Predominantly EBF (% of days) 741 305 558 83.4 100

1 n=52
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APPENDIX 4.5

Characteristics of woman with pre-pregnancy BMI between 20-24.9 kg/m2 by BMI at 6

months postpartum

BMI AT 6 MO POSTPARTUM (KG/M?)

<19.9 20-24.9 25-29.9
(n=4) (n=44) (n=14) P-value

Birth weight of offspring (kg) Mean 28 3.0 3.1 0.494
SD 0.6 0.4 0.5

Maternal age (y) Mean 26.5 25.3 27.3 0.276
Sb 5.2 3.9 4.8

Parity (n. children) Mean 3 3.2 4.2 0.123
SD 2.2 1.4 2.0

Maternal education (y) Mean 3.7 3.4 26 0.669
Sb 2.9 2.6 2.7
N 4 37 11

Pre-pregnancy BMI (kg/m?) Mean 20.5 21.9 23.6| <0.0001
SD 0.6 1.4 0.8

Total GWG (kg) Mean 8.9 9.5 10.8 0.385
SD 4.1 3.2 3.2

GWG early pregnancy (g/wk) Mean 421.4 333.3 335.9 0.665
SD

217.4 174.7 216.5

GWoG late pregnancy (g/wk) Mean 4338 444.2 532.2 0.392
Sb 178.2 213.2 218.6

PWR at 6 mo postpartum (kg) Mean 26 1.3 57| <0.0001
SD 1.5 3.0 35

BMI at 6 mo postpartum (kg/mz) Mean 19.3 205 26.2| <0.0001
SD 0.3 1.4 1.1

Intensity of BF at 6 mo postpartum Mean 28 3.0 2.8 0.612
Sb 0.5 0.8 0.9

Predominantly EBF (% days) Mean 70.6 75.0 72.21 0.931
SD 29.9 30.3 33.5

Reported energy intake at 6 mo Mean

postpartum (kcal/d) 1637 1745 1774 0.884
SD 368 540 293
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CHAPTER 5

HERITABILITY OF CHANGES IN WEIGHT DURING PREGNANCY BETWEEN
TWO GENERATIONS OF RURAL GUATEMALAN WOMEN

Abstract

Background: There is an enormous individual variability in changes in body weight
and composition in response to a reproductive event. There can be different
adaptations to restore and maintain energy balance during a reproductive event. How
the body chooses to maintain energy balance can be explained by genetic factors or
complex gene-environment interactions. Large weight change during pregnancy may
be related to a genetic predisposition to accumulate excess tissue. Objective: to
explore the contribution of genetics to the variability of weight changes during
pregnancy in rural Guatemalan women. Design: we studied 79 mother-daughter pairs
selected from women participating in the INCAP longitudinal study (referred as G;-
mothers) and their daughters who participated in the 1996- 1999 follow-up (referred as
G,-daughters). Assuming no interaction between genetic and environmental factors,
two different approaches were used to compare gestational weight gain (GWG)
between generations: a) Two-stage least square and b) Path analysis. Results: There
was no difference between generations on total and net GWG. The median of total
GWG was 7.3 (range 1.7 to 13.3 kg) and 6.8 kg (range 0.4 and 17.4 kg) for G-
mothers and G,-daugthers respectively. There was no evidence of heritability of net
GWG using the two-stage least squares procedure or path analysis. Conclusions: Very
large sample sizes are required to determine heritability of weight change during
pregnancy. Our analysis lacked statistical power to test whether weight change during

pregnancy is inherited. However, studying whether the high variability in weight
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change during pregnancy has a genetic basis is of clinical and public health interest,

thus better approaches to address the question need to be explored.

Introduction

Pregnancy is an anabolic event in which there is an increase in maternal blood
volume, mammary tissue, fat-free mass, and fat mass to support fetal growth. All these
increases are responses to a sequence of complex neuroendrocrine and biochemical
stimuli that follow conception and which are modified in their expression by the
environment [1]. During pregnancy, there are several adjustments in nutrient
metabolism and changes in the anatomy and physiology of the mother in order to
support fetal growth and development while maintaining maternal homeostasis and
preparing for lactation [2].

There is an enormous individual variability in changes in body weight and
composition in response to a reproductive event in humans. One potential explanation
for this might be the very low stress of human pregnancy and lactation per unit time
compared to other species[3]. There can be different adaptations for restoring and
maintaining energy balance during a reproductive event. Some women will reduce
energy expenditure either decreasing the basal metabolic rate or level of physical
activity, some may mobilize fat stores, others may increase metabolic efficiency or
will meet the energy demand by increasing food intake [4]. How the human body
chooses one mechanism over other is still unknown. It might be explained by genetic
factors or complex gene-environment interactions that have pre-pregnancy, pregnancy
and postpartum components.

It is widely recognized that there is a genetic component in body fat
accumulation. From studies on twins and other biological relatives by adoption, it is

possible to define the heritability (degree to which the variance in a particular trait is
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determined by genetic variation) [5] of the percentage of body fat. From a study of
twins in a French-Canadian population, about 20-30% of the variance in percent body
fat was accounted by genetic factors after controlling for age and gender difference
[6,7]. Coady and colleagues [8] reported the heritability (h?) of BMI to be 0.37 +
0.079 (p<0.0001) with longitudinal data from the Framingham heart study using
pedigrees (parents-offspring). From twin studies of Caucasian women, the heritability
of obesity (defined as BMI > 30 kg/m?) was 0.86 (95% CI: 0.77-0.94) [9].

Hunt and colleagues [10] studied familial resemblance of 7-year natural
changes (no change in diet, no increase in physical activity) in BMI and adiposity
among Canadian families. Heritabilities (h?) at baselines were: 0.39 for BMI, 0.41 for
the sum of five skinfolds and 0.39 for waist circumference. The values for each
change score were attenuated for all measures, except waist circumference (h? = 0.14
for change in BMI, h? = 0.12 for change in sum 5 skinfolds and h’= 0.45 change in
waist circumference; all h? p<0.05). The authors concluded that the heritability for
changes in anthropometric measurements suggest that environmental and genetic
factors are important determinants of body mass and adiposity.

Little is known about genetic susceptibility in pregnancy-related weight gain
[11]. High weight change during pregnancy may be related to a genetic predisposition
to accumulate excess tissue during reproduction [12]. It is likely that genetic factors
influencing the regulation of fat metabolism, both during and after pregnancy, may
contribute to the sustained body weight increases related to childbearing.

Few studies have explored the effect of specific genes on gestational weight
gain and postpartum weight retention. Yanagisawa and colleagues [13] found that
Beta3-adrenergic receptor is associated with a greater weight gain in both non-

pregnant and pregnant women.
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Some other studies have explored the effect of products of specific genes on
weight changes during reproductive cycles. Stein et al. [14] found that levels of leptin
(product of “ob gene”) at the beginning of pregnancy (6 weeks), were positively
associated with weight gain during pregnancy and weight retention at the postpartum
period. Butte et al. [15] measured leptin levels at the end of pregnancy (week 36).
They found a positive correlation between leptin levels and gestational weight gain
(r=0.46, p=0.001) and also a positive correlation in changes in leptin levels from
pregnancy to 3 mo postpartum with changes in weight and fat mass in the same
period. However, these results should be interpreted with caution, given that there is
evidence suggesting that ob gene expression during pregnancy might be regulated by
factors other than fat mass [15].

Even though there appear to be specific genes associated with pregnancy-
related weight gain, the familial resemblance (heritability) of weight change during
pregnancy has not yet been studied.

The INCAP (Institute of Nutrition of Central America and Panama)
longitudinal and follow-up studies have collected information on maternal nutritional
status during pregnancy and postpartum of Guatemalan women since 1970s. These
data offer the opportunity to study the heritability of weight change during pregnancy
in mother-daughter pairs.

The objective of this study was to explore the contribution of genetics to the

variability of weight changes during pregnancy in rural Guatemalan women.

Methods
Subjects and study design
The INCAP Longitudinal Study was initiated in 1969 to assess the impact of

intrauterine and preschool malnutrition on growth and mental development in four
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predominantly Ladino communities in rural eastern Guatemala. The study design has
been described elsewhere [16]. Briefly, two pairs of rural villages were selected to
participate in the trial. Pregnant women and young children of these villages received
food supplements. One village of each pair received a high protein-energy
supplement; the other village of the pair received a low-energy, no-protein
supplement. Longitudinal information was collected on physical growth, mental
development, supplement consumption, home diet, morbidity and characteristics of
the family during the first seven years of life on children. Maternal diet, morbidity and
anthropometry were also monitored during pregnancy and the first 24 months after
delivery.

After the INCAP longitudinal study finished in 1977, several follow-up studies
were conducted of the offspring of women who were supplemented in the original
study. One of the follow-up studies was conducted between 1996 and 1999 with the
purpose of describing the patterns of intrauterine growth, measured by ultrasound, of
the third generation infants. All pregnant women between 19 and 34 years of age in
the four communities were invited to participate [17]. Pregnant women who agreed to
participate received free prenatal care four times during pregnancy from a field staff
nurse employed by INCAP. The methods of data collection between 1996-1999 are
described in detail elsewhere [18]. Briefly, all women in the communities were visited
once every three months in order to identify pregnancy by recall of the last menstrual
period. Once pregnancy was confirmed maternal anthropometry, diet, and morbidity
data were collected during pregnancy and the first 12 months after delivery.
Information on infant growth and feeding practices were also monitored.

To explore the heritability of changes in weight during pregnancy, we selected
women participating in the INCAP longitudinal study (referred as G;-mothers) and

their daughters who participated in the 19996- 1999 follow-up (referred as G-
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daughters). The current analysis includes 79 mother-daughter pairs who fulfilled the

following selection criteria:
e Singleton pregnancy
e Complete data on anthropometric measurement during pregnancy
e For women who experienced multiple pregnancies, one randomly selected
pregnancy

Variables:

e Qutcome variable
Net GWG G,-daughters: Total gestational weight gain (GWG) was calculated as the
difference between the weight in early pregnancy (11 + 5 weeks of gestation at first
measurement) and weight at the end of pregnancy (38 + 3 weeks of gestation at last
measurement). In order to take into account the contribution of the fetus to the GWG
and to have an estimate of maternal tissue gain, the net weight gain was estimated as:

Net total GWG = total GWG - infant’s birth weight

This variable was continuous with approximately normally distributed.

e Predictor variable:
Net GWG G;-mothers: Total GWG and net GWG of Gi-mothers were calculated with
the same procedure followed to calculate total and net GWG of G,-daugthers. For G;-
mothers the mean gestational age at first measurement 8 + 4 weeks, and the mean

gestational age at last measurement was 34 + 2 weeks.

Statistical analysis

Assuming no interaction between genetic and environmental factors, two
different approaches were used to study the proportion of the variation on net GWG is
due to genetic variation; Two-stage least square (two step procedure) and path

analysis.
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a) Two-stage least square was used to take into account the environmental
conditions (i.e. diet during pregnancy) and individual characteristics in both
generations.

Linear regression models were used to generate the residual of net GWG for
Gi-mothers after adjusting for early pregnancy BMI, maternal age, height and
gestational age at last measurement. The residual was defined as the difference
between the observed net GWG in G;i-mothers less the predicted net GWG from the
model. The residuals represented the heritable proportion and unexplained variance of
GWG for G;-mothers associated with their environmental and obstetric history. A
second model was fitted, including as the dependent variable net GWG for G,-
daughters. Independent variables were G2-daughter characteristics (pre-pregnancy
BMI, and gestational length) and residual of net GWG for G;-mothers obtained from
the first stage.

Heritability was defined as the proportion of total variance due to additive
genetic effects [5]. The heritability (h?) of net GWG was estimated by the regression
coefficient of net GWG for G,.daughters on residual of net GWG for G;-mothers
obtained from the first model as stated above:

h?= 2(B net GWGesiqualsc1-mothers)

b) Path analysis was used in order to decompose into different parts the contribution
of G,-daughters characteristics and net GWG for G;-mothers on net GWG of G-
daughters, taking into account characteristics of both generations. The method used for
the path analysis consisted of applying simultaneous ordinary least squares regression
to the equations of the path model (the diagram relating independent, intermediary and

dependent variables) one by one [19, 20]. The standardized regression coefficients*

! Standardized coefficients rather than the coefficients in raw units are used because unstandardized
effects are generally in different units, thus one cannot directly compare them. When standardized they
are all in standard deviation units, and therefore comparable.
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obtained from the individual regression equations were considered the path
coefficients. This method provides estimates for the standard error of the path
coefficients obtained, allowing to test hypotheses concerning a particular path
coefficient. We assumed that the relationships were linear. Figure 5.1 shows the
theoretical model path to be tested. For both generations, the model describes the
maternal factors identified from previous studies to be related to GWG. It describes
that diet and physical activity during pregnancy are components of energy balance,
which is a determinant of GWG. For G;-mothers, the type of dietary supplement is a
determinant of energy intake as well. The model hypothesizes that after considering all
the other maternal factors, the net GWG of G;-mothers will explain some of the
variability seen in net GWG of G,-daugthers. It is important to note that physical
activity information, hence energy balance, was not available for either generation.

Thus, neither physical activity nor energy balance was included in the path analysis.

Results

Seventy nine mother-daughters were selected for this analysis. G,-daughters
were taller than their mothers (mean height 1.40 + 0.05 vs. 1.51 + 0.05 m for G;-
mothers and G,-daughters, respectively, p=0.006). Even though the mean early
pregnancy BMI was within the normal range for both generations, a greater percentage
of women in the G;-mothers started pregnancy with BMI < 19.9 kg/m? (36.3% in G-
mothers vs. 16.3 % in G,-daughters), whereas the percentage of women with early
pregnancy BMI > 25 kg/m?® was lower in G1-mothers (3.8% vs. 16.3% for G;-mothers
and G,-daughters, respectively). G;-mothers were slightly older and with a greater
parity; for the G;-mothers, the mean number of children was 4 whereas the mean

parity in Gp-daughters was two children (including the index pregnancy).
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Figure 5.1 Theoretical path model for the heritability analysis

There was no difference between generations in total and net GWG (table 5.1).

The median of total GWG was 7.3 (range 1.7 to 13.3 kg) and 6.8 kg (range 0.4 and

17.4 kg) for G;- mothers and G,-daugthers, respectively. The range of net GWG was —

1.3 t0 9.3 kg for the Gi-mothers and —2.8 to 13.7 kg for the G,-daughters. The birth

weight of the offspring was higher in the G;-mothers than in the G,-daughters (median

3.1 kg vs. 3.0 kg for G1 and G2 women, respectively, p =0.05).
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Table 5.1 Characteristics of G;-mothers and G,-daughters

G,-
G,-MOTHERS |DAUGHTERS |p-value®
Mean SD |Mean| SD

Age (Y) 25.1 59 225 3.6 <0.001
Height (m) 149 005 151 005 0.006
[Parity (n. children) 4.3 24 2.0 1.4 <0.001
Early pregnancy BMI (kg/m2) 21.0 25 228 3.2 <0.001
Total GWG (kg) 7.3 23 68 3.4 0.3
Net GWG (kg) 3.8 23 3.8 3.4 0.9
[Gestational age at last measurement (weeks)|  34.0 2.4 385 2.7 <0.001
[Gestational age at birth (weeks) 40.0 2.4 395 1.4  0.097
[Birth weight of the offspring (kg) 3.1 04 3.0 0.4 0.05
[Length of the offspring (cm) 50.1 1.9 481 2.3 <0.001

! Paired t-test

Two-stage least square

The Gi-mother characteristics that significantly predicted net GWG of G;-

mothers were, pre-pregnancy BMI, maternal age, maternal height and length of

pregnancy (measured as gestational age at last measurement) (table 5.2).

Table 5.2 Model to predict net GWG of G;-mothers with maternal

characteristics®

B | Std. Error SIG.

Constant -18.0 7.6 0.021
Early pregnancy BMI (kg/m?) -0.39 0.08 <0.001
Maternal age (years) 0.09 0.03 0.014
Gestational age at last measurement during 023 0.09 0011
pregnancy(weeks)

Maternal height (cm) 0.13 .04 0.004
Adjusted R“=0.309

Residual of net GWG of G;-mothers were estimated using this model

We found that after adjusting for G,-daughters characteristics, the residuals of

net GWG of G;-mothers did not explain the variability seen in net GWG G,-daughters

(table 5.3). There was no evidence of heritability of net GWG (h? = 0.36 = 2 times the

107



beta of residuals of net GWG for G1 mothers) using the two-stage least squares

procedure.

Table 5. 3 Net gestational weight gain (GWG) in G,-daugthers adjusting for
characteristics of G,-daughters and residuals of net GWG G;-mothers

OBSERVED
PARAMETER B SE SIG. POWER?
Intercept 24.0 5.5| <0.001 .990
G,-daughters characteristics
Pre-pregnancy BMI (kg/m?) -0.11 0.12 0.3 154
Gestational age at first measurement 2018l 007 0.01 697
during pregnancy (weeks)
Gestational age at last measurement during 041 0.14 0.004 895
pregnancy (weeks)
G1-mothers residuals
Residuals net GWG G;-mothers 0.18 0.20 0.4 142
R* = 0.204

& Computed using alpha = 0.05
® Adjusted for G1-mothers pre-pregnancy BMI, maternal age, height, and length of pregnancy

Path analysis

The simultaneous models used for the path analysis, including the
characteristics that were statistically significant:
Model A: Net GWG g2.paughter = b1 Pre-pregnancy BMI gy.paughter + 02 Length pregnancy ..
Daughter
Model B: Net GWG g-paughter = b1 Net GWG g1-mother
Model C: Pre-pregnancy BMlg;-paughter = b1 Pre-pregnancy BMI gi-mother

Model D: Net GWG g1-mother = b1 Pre-pregnancy BMI gi.motner + 02 Length pregnancy ci-mother
Results in the same direction of the two-stage least square procedure were

found in the path analysis, where the variability of net GWG of G,-daughters

explained by the variability of net GWG of G;-mother was not statistically significant
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(figure 5.2). The magnitude of the coefficient on the path from G1-mothers net GWG
to G2-daughters net GWG was small and not statistically significant (p= 0.8).

As it is shown in table 5.3 and figure 5.2, the reason for no evidence of
heritability of weight change during pregnancy was the lack of statistical power. For
the sample size and the coefficients found, the statistical power was 14.2% for the

two-stage analysis and 6% for the path analysis.

b=-0.3*
(model A)
\
Pregnancy length c2-p —
b=-0.18
NS p=0.1 Net GWG gy.p
(model A)
pre-pregnancy BMI 2-p / A
0.03
=0.20° i NS (p =0.8)
b=0.20 Marginally
(model ¢) significant (model B)
(p=0.08)
b=-0.37*
(model D)
pre-pregnancy BMI gi1-m \\
Net GWG g1-m

Pregnancy length g1-m

b=0.25*
(model D)

*P<0.05
#Observed power =0.41
® Observed power = 0.06

Figure 5.2 Path analysis
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We explored the sample size needed to detect a statistically significant
heritability. Considering the magnitude of the coefficient found in the path analysis
(B=0.03), alpha level of 0.05 and two sided-test, the sample size required to have a
power of 80% would be 6,420 mother-daughter pairs. Furthermore, we calculated the
increase in statistical power as the magnitude of beta coefficient increases, thus
decreasing the sample size needed to detect a significant coefficient (figure 5.3). The
size of effect values plotted correspond to studies addressing the question of genetic
contribution to birth weight [21] and short and long term weight changes during adult
life [8, 23, 24]. As it is shown in figure 5.3, considering the beta coefficient estimated
through the two-stage least square ($=0.18) the sample size needed would be 300

women.

Power curve
Ho: =0, Alfa=0.05

100
90 -
80 -
70 -
60 -

——n=79
—m— n=150

50 7 =300

40 - n=

30 n=600

20

10 -

Power (%)

0.06 0.12 0.18 0.24 0.3

Beta coefficient

Figure 5.3 Sample size required to find significant heritability of weight change
during pregnancy
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Discussion

There is a wide variation in body weight response to reproductive events.
During pregnancy, there is a rapid change in weight, necessary for both maternal and
fetal health. Weight change during pregnancy differs widely among healthy women
delivering single, full-term infants, partly because of differences in maternal
biological, demographic, socio-cultural, and behavioral characteristics [22]. In
addition to all these factors, high weight gain during pregnancy may be related to a
genetic predisposition to accumulate excess maternal tissue during reproduction [12]
or the interaction among genetic and environmental factors. Little is known whether
heritable factors may contribute to the patterns of weight change during pregnancy.
We explored the heritability of weight change during pregnancy in two generations of
rural Guatemalan women.

Our analysis lacked of statistical power to show whether weight change during
pregnancy is inherited, with very large sample sizes required to determine heritability
of weight change during pregnancy. For instance, a sample of 6420 mother-daughters
pairs is required to establish significance for a coefficient of 0.035 (coefficient found
in the regression of net GWG G1- daughters on net GWG G2-daughters) with a power
of 80%. Such large sample size is due to the small coefficient found. As it was shown
in figure 5.3, as the magnitude of the coefficient increases, the sample size needed to
find a significant coefficient decreased.

It is not clear what a biologically meaningful heritability (h?) would be. We
might gain some insight from previous studies of heritability for birth weight or for
non-pregnant weight changes over time. There is some evidence that change in
weight through a 20-year period of adult life (from 35-55 years) is inherited, with
estimates from 15-24% of the variance in weight change explained by genetic factors

[8, 23, 24]. Whether weight change during shorter time periods is inherited is less
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clear. Fox and colleagues [24] found that the most heritable trait was long-term (20
years) weight change (h?=0.24), whereas short-term (8 years) weight change
heritability was minimal, with estimates ranging from 0-0.12. Results in the same
direction were found by Hunt and colleagues [10] in a Canadian population. These
authors found that heritability of BMI change in a 7 year period was 0.14. However,
the heritability of weight change during pregnancy is not known. From an extensive
literature review, no studies addressing this question were identified.

Studying whether the high variability in weight change during pregnancy has a
genetic basis is of clinical and public health interest. There is evidence from
developed [25, 26, 27] and developing countries [this thesis, Chapters 3,4] [28, 29]
that high gestational weight gain is associated with higher weight retention at 6 and 12
months postpartum. High weight retention at 12 months postpartum has been
associated with higher BMI 15 years later.[30]. High weight gain is also associated
with adverse fetal and infant outcomes. Women with large gestational weight gains
have a greater risk of delivering high birth weight (macrosomic) infants, and the
concomitant increased risk of labor and delivery complications, such as dysfunctional
labor, midforceps delivery, shoulder dystocia, cesarean delivery, meconium aspiration,
and asphyxia [31]. These high birth weight infants also are more likely to develop
obesity during early childhood [32]. Hence, identifying women who are more prone
to a higher weight gain during pregnancy would be of paramount importance to
prevent obesity in women and children through interventions targeted to the high risk
populations.

It is important to look for the best approach to address the question of the
genetics basis of weight change during pregnancy. We chose to study the heritability
of weight gain during pregnancy to identify, as a first step, whether a genetic basis

exits for the high variability of weight change during pregnancy. Had we found
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evidence of familial resemblance (heritability), the next step would be to search for the
gene or set of genes involved in the regulation of weight change during pregnancy.
However, considering the very small heritability coefficients, lack of statistical
significance and disturbing power calculation presented in figure 5.3, it is likely to be
very difficult to find an appropriate dataset with information on weight changes during
pregnancy in mother and daughters. Other familial aggregation datasets (such as twin
studies, sibling studies) might be available in developed countries and might be a
better approach to address our original question.

Another challenge in studies exploring familial resemblance is distinguishing
between real genetic factors and cultural transmission or shared environmental factors,
which would inflate the heritability estimation. Thus, the requirement of having
complete and valid information on environmental factors associated with weight
change during pregnancy, makes it even more difficult to find the suitable dataset. The
process of analyzing DNA sequence has accelerated rapidly. The technology to
analyze DNA is becoming more accessible in developed countries and with time, and
eventually will be the case for developing countries. Access to this new technology
should provide the increased opportunities to explore the genetic basis of weight gain
during pregnancy. For instance, alternative approaches to explore particular gene (s)
associated with weight change during pregnancy could be linkage analysis (if familial
datasets available), linkage disequilibrium mapping, or association studies (candidate

gene approaches).
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CHAPTER 6

GENERAL DISCUSSION AND CONCLUSIONS
. Summary
This thesis addressed two research questions:

3. Is a reproductive event associated with postpartum weight retention

and overweight in rural Guatemalan women?

4, Does the high variability in weight change during pregnancy have a

genetic basis?

To address the first question, three hypothesis were tested. The first one stated
that Guatemalan women with high total gestational weight gain will have a high
postpartum weight retention at 6 months. Furthermore, the association of weight
retention at 6 months postpartum and weight gain during pregnancy (total and its
timing) depends upon maternal pre-pregnancy characteristics (weight for height)
and/or postpartum maternal behavior (breastfeeding practices). We found that there is
a significant positive association between weight gain during pregnancy and
postpartum weight retention. This association was modified by breastfeeding
practices, particularly, prolonged predominant exclusive breastfeeding.

The second hypothesis stated that a high weight gained in the second half of
pregnancy is associated with a high postpartum weight retention at 6 months. In other
words, when weight is gained during pregnancy matters for weight retention during
the postpartum period. After adjusting for pre-pregnancy weight for height (BMI) and
weight gained during early pregnancy (first 20 weeks of pregnancy), late weight gain
was associated with a greater postpartum weight retention.

The third hypothesis stated that in Guatemalan women with a pre-pregnancy
body mass index (BMI) considered as adequate (20-24.9 kg/m?) or as overweight (25-

29.9 kg/m?), the higher the weight gain during pregnancy the greater the risk to
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develop overweight and obesity, respectively, at 6 months postpartum. Furthermore,
the risk of developing overweight and obesity at 6 months postpartum due to high
weight gain during pregnancy will be decreased depending upon breastfeeding
intensity. This was shown to be true. Total weight gain during pregnancy was
associated with a greater risk to develop overweight and obesity at six months
postpartum. Prolonged predominantly exclusive breastfeeding reduced the risk of
developing overweight. Furthermore, the weight gained in late pregnancy, but not
early pregnancy, was associated with a greater risk of developing overweight.

To address the second research question one hypothesis was tested through
studying two generations of rural Guatemalan women. The hypothesis stated that after
taking into account several environmental conditions (i.e. diet during pregnancy) and
individual characteristics (i.e. parity), there is a significant proportion of the variability
in weight change during pregnancy that is explained by genetic factors. Our analysis

lacked the statistical power to detect a meaningful biological relationship.

I1. General discussion
1. Interrelation between weight retention at six months postpartum, maternal weight
status before conception, weight gain during pregnancy and breastfeeding practices.
We were interested on exploring the interrelation of maternal nutritional status
before conception, the weight gain during pregnancy and postpartum behavior on
maternal health later in life in Guatemalan women. It is well known that the effect of
one reproductive event on maternal nutritional status will depend on the maternal
nutritional status at conception, and during pregnancy (measured as weight gain
during pregnancy) and behaviors during postpartum period (i.e. diet, breastfeeding

practices) among other maternal characteristics [1].
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When exploring the effect of net GWG on postpartum weight retention at 6
months postpartum in chapter 3, we excluded women with pre-pregnancy BMI > 30
kg/m? because that this group was too small (n=9) to draw any conclusion. However,
when these subjects were included in the analyses we found that the association
between weight gain during pregnancy and weight retained at 6 months postpartum
still depended upon pre-pregnancy weight for height, measured as BMI, (interaction
p-value= 0.02) (appendix 6.1). For women with pre-pregnancy BMI < 30 kg/m? the
association between net GWG and PWR at 6 months was positive, while obese
women with pre-pregnancy BMI > 30 kg/m? had lower weight retention at 6 months,
and the weight retained was not associated with net GWG. Furthermore, we found that
the association of breastfeeding with weight retention at 6 months postpartum
depended upon the pre-pregnancy BMI (chapter 3). However, only for women who
were overweight but not obese at the beginning of pregnancy (pre-pregnancy
BMI1=25-29.9 kg/m?) were we able to observe that the greater the number of days of
exclusive breastfeeding, the lower the weight retained at 6 months postpartum. Thus,
the results of this thesis are summarized in the causal diagram presented in figure 6.1,
which shows the important interrelation among maternal characteristics associated
with body weight changes. Postpartum weight retention at 6 months (PWR) is
influenced by many measured factors available in the data set. The direct effect of
gestational weight gain (GWG) on PWR was positive and significant. Also, mothers
who predominantly exclusively breastfed their infants had less PWR as did those with
higher parity. Pre-pregnancy BMI played an important modifying role in that the
GWG to PWR relationship was only significant in non-obese women and the
breastfeeding to PWR relationship was only significant in overweight mothers (with

BMI between 25 and 29.9 kg/m?. The following discussion deals with possible
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biological and behavior explanations for these finding and the program planning
implications of the results.

1a. Pre-pregnancy BMI

The effects of maternal nutritional status at conception on maternal energy
stores at delivery and postpartum are well-known [2]. The current pregnancy weight
gain recommendations [3] are dependant on maternal BMI in early pregnancy. These
recommendations are based on an analysis of data collected in the US in 1980, which
showed that women with higher BMI gained less weight, but this was still compatible
with a good pregnancy outcome as judged by the newborn’s birth weight [3, 4]. It is
assumed that the mother’s weight gain during pregnancy reflects the accumulation of
biological tissue to support adequate fetal growth and build energy stores to support
the end of pregnancy, and to ensure adequate energy supply during lactation.
However, it is possible that the excess weight measured at 6 months post partum was

gained after delivery and was not the result of weight gained during pregnancy.

Parity
(primiparous vs.
multiparous)

()

(+) all hiit ohese wnmen

GWG PWR

(- in overweinht women
Pre-pregnancy

BMI

Breastfeeding
practices

Figure 6. 1 Gestational weight gain (GWG) and postpartum weight retention
(PWR) at 6 months in rural Guatemalan women
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To test this we explored the increments of weight change from pre-pregnancy
to postpartum in a sub-sample of women who had measurements at pre-pregnancy,
delivery, three and six months postpartum (n=134). As in our original sample, on
average, women were 1.4 kg heavier at 6 months postpartum. Women with pre-
pregnancy BMI < 19.9 and between 20-24.9 kg/m? had a greater weight gain during
pregnancy, compared to women with pre-pregnancy BMI > 25 kg/m?. The same trend
was seen in the weight retained at 6 months postpartum, the women with pre-
pregnancy BMI < 25 kg/m? having positive weight retention, whereas overweight and
obese women had no weight retention or even experienced weight loss by the 6"
month postpartum (figure 6.2). Changes in weight during the postpartum period were
no different by pre-pregnancy BMI. On average, there was a weight loss during the
first 3 months postpartum ( -3.8 + 2.8 kg), followed by little or no weight change from
three to six months postpartum. The results of this analysis confirm that weight gain
during pregnancy depends upon the pre-pregnancy BMI and suggests that the extra
weight at 6 months postpartum in women with pre-pregnancy BMI < 25 kg/m? is
mostly the weight retained from the gestational weight gain.

The biological mechanisms underlying the different patterns of weight gain
during pregnancy depending upon pre-pregnancy BMI, are not clear. One possible
explanation is that there might be mechanisms to limit the amount of weight gain
during pregnancy in overweight and obese women. These women gain less weight
during pregnancy; hence they will have lower postpartum weight retention. These

mechanisms might be biological or behavioral.
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Figure 6.2 Mean weight change during pregnancy and postpartum by pre-
pregnancy BMI1'?

Few studies of the relation between pre-pregnancy BMI, weight gain during
pregnancy and postpartum maternal nutritional status have been conducted in
undernourished populations. Kusin and colleagues [5] found, in an Indonesian
population, of women with chronic energy deficiency in early pregnancy (defined as
pre-pregnancy BMI < 18.4 kg/m?) that weight gained during pregnancy and
postpartum weight retention occurred to the detriment of fetal and infant growth. The
authors concluded, that, when body reserves attain a certain level reflecting BMI
>18.5 kg/m2, the maternal body subsidizes fetal growth and breast milk production.
When maternal reserves are lower (BMI < 18.5 kg/m?), these reserves are utilized for

the woman’s survival as a priority over fetal well being. Similar results were found in
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a cross-country research project (The Nutrition Collaborative Research Support
Program — CRSP) in Egypt, Mexico, and Kenya [4]. The CRSP had as an objective
to examine the relationship between maternal body mass index and pregnancy
outcome. Median early pregnancy BMI were 25.6, 23.4 and 21.2 kg/m? in Egypt,
Mexico and Kenya respectively and the percentages of women with early pregnancy
BMI < 19.9 kg/m?® were 2.0, 5.0 and 32 %, respectively. In both Mexico and Kenya
total pregnancy weight gain was negatively correlated with early pregnancy BMI; this
correlation was not seen in Egypt. Furthermore, in Kenya, the women gained less
weight during pregnancy in the period of hunger and energy shortage. Nevertheless,
Kenyan women with lower BMI still gained more than those who had higher BMI
during the hunger period. In all three locations women who had a higher early
pregnancy BMI had retained less weight and fat at two to four weeks postpartum,
reflecting the lower weight gain of fatter women during pregnancy. The authors
concluded that this inverse relationship between maternal BMI and pregnancy weight
gain was driven by some effect of pre existing body composition, rather than current
energy intake.

Assuming that the BMI cut-off point used in this thesis to define under-
nutrition (BMI < 19.9 kg/m?) identified women with depleted energy stores, our
findings in Guatemalan women confirm the findings from Allen and colleagues and
are consistent with a homeostatic mechanism that regulates the partitioning of dietary
energy during reproduction. Thus for women with lower energy reserves, the energy
ingested during pregnancy would be preferably given to the mother, in order to replete
her energy stores, thus ensuring her well being.

In our Guatemalan population no analysis was done to test the validity of this
mechanism for energy partitioning. However, even though women with a higher pre-

pregnancy BMI had a lower net gestational weight gain, the birth weight of the
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offspring was higher as the BMI increased (birth weight: 2.9, 3.0 and 3.2 for pre-
pregnancy BMI < 19.9, 20-24.9 and > 25 kg/m?, respectively. p= 0.005). Thus, even
though women with lower pre-pregnancy BMI had a greater net weight gain during
pregnancy, the birth weight of the infant was lower. These data are consistent with a
scenario, wherein women with lower BMI preferentially used the weight gained
during pregnancy to replete their body energy stores.

The proposed mechanisms controlling partitioning of dietary energy during
reproduction would make sense in a context where lack of food and starvation were
common. The priority from the evolutionary point of view would be to preserve the
mother in order to maximize her later reproductive potential. However, in today’s
circumstances of less restrictive diet combined with a more sedentary life style and a
rapid increase in obesity and chronic diseases, these previously adaptive mechanisms
might contribute to potentially deleterious weight retention during the postpartum
period. In order to gain a better understanding of the mechanisms of partitioning
during reproduction it is necessary to study maternal and newborn outcomes
(including infant growth) simultaneously.

Another possible explanation for the lower gestational weight gain in
overweight and obese women is that women who start pregnancy overweight and
obese decide to restrict their weight gain during pregnancy. One of the ways to reduce
the gestational weight gain is through a reduced dietary intake. If this behavior
occurred during pregnancy, it apparently was short-lived, because once the infant was
born the previously overweight mothers returned to a lifestyle that resulted in positive
energy balance and a gain in weight. There is scarce information on this type of
behavioral change.

Bergmann and colleagues [6] found, in Germany, that women with high early

pregnancy BMI (> 24 kg/m?) had lower energy intake, measured through 7 days
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records, during pregnancy compared to women with low and medium early pregnancy
BMI (< 20 and 20-24 kg/m?, respectively). Women with high early pregnancy BMI
had a lower intake of starchy food, sweets, vegetable, and animal fat. Furthermore, the
consumption of reduced-fat butter and reduced-fat margarine was more frequent
among high BMI women. These authors found that net weight gain during pregnancy
was independently influenced by BMI status as well. Women in the high BMI group
gained significantly less weight from early pregnancy to the end of pregnancy than
women with a medium or low BMI. Even though the authors used one of the most
accurate methods to assess dietary intake and applied two criteria prior to the analysis
to identify and exclude under-reported intake, it is not possible to determine whether
the high BMI women in the study changed their behavior during the recording days or
under-reported their food intake. However, given that the lower energy intake in the
high BMI women was accompanied with a lower net GWG, it might be possible that
women who started pregnancy with a higher BMI changed their food intake in order to
restrict their weight gain during pregnancy.

Similar results were found in the Nutrition Collaborative Research Support
Program in Mexico, Kenya, and Egypt [4]. Women with lower early pregnancy BMI
had higher energy intake. Thus, the higher weight gain found in the lowest BMI group
was accompanied by higher energy intake. Therefore, considering these results, one
could speculate that women who start pregnancy with a higher weight or BMI have a
lower dietary energy intake. Women might make the decision on their own or because
of health care advice. Whether this would apply in Guatemalan population, which has
a lower educational level and lower health care access, is unknown.

Another behavioral modification that might occur during pregnancy is change
in physical activity. This change in physical activity would affect the energy balance

and thus the gestational weight gain. The evidence of change in physical activity
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during pregnancy is conflicting. Some studies from developed countries show that
generally women in general tend to have a sedentary lifestyle, but they do not become
even less active during pregnancy [7]. Other studies have shown that there are some
changes in physical activity during pregnancy, i.e., less walking and more sitting [7,
8]. The impact that pregnancy has on physical activity varies according to the type of
activity performed. While occupational and recreational activities decrease (all sports,
structured exercise, and social activities) domestic activity remains unchanged over
the course of pregnancy [9]. On the other hand, women in developing countries
reduce the physical activity by reducing the amount of heavy farm work and
housework they perform, decreasing the intensity and duration of arduous tasks, or
increasing their sitting time [7].

Whether the change in physical activity during pregnancy is associated with
the pre-pregnancy nutritional status is unknown. However, it is known that obese and
overweight women expend more energy than normal-weight women while performing
the same activity [10]. Hence, it might be that even though there is a similar decrease
in physical activity during pregnancy, overweight and obese women expend more
calories for the same activity. The greater energy expenditure for physical activity,
along with a lower energy intake during pregnancy in overweight and obese women,

might explain lower gestational weight gain in this group.

1b. Breastfeeding practices

The effect of breastfeeding on weight loss during the postpartum period is still
controversial. There are several studies, both in developed and developing countries
where breastfeeding is associated with a lower weight retention [11-13]. However,
there are other studies in which breastfeeding did not have any effect on weight

change during the postpartum period [14, 15]. One possible explanation of the
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conflicting results among studies is that the definition of breastfeeding is different
across different studies, i.e., exclusive breastfeeding vs. partial breastfeeding.

Other factors that complicate interpretation of maternal weight change during
lactation is that there are different energetic demands to support lactation depending
on intensity of the practice. Some authors suggest that lactation might promote
maternal weight loss only if it is extended beyond several months [16]. Also,
breastfeeding women tend to increase their food intake instead of relying on their body
energy stores to support lactation [17]. The current recommendations for energy
intake during lactation (extra 500 kcal/d) are based on the assumption that the
efficiency of conversion of food energy to milk is 80% and that 200 kcal/d is
mobilized from maternal fat stores accumulated during pregnancy. Thus, gradual
weight loss is expected during lactation [18]. However, as in pregnancy, there are
potential mechanisms of energy conservation during lactation in addition to the
mobilization and utilization of fat. These mechanisms involve increasing food intake
and reducing energy expenditure (decreases in basal metabolic rate, thermogenesis and
physical activity). All of these regulatory processes allow ample milk production to
occur when energy intake is limited [3].

In this study, we found that exclusive breastfeeding played a role in reducing
weight retention at 6 months postpartum in women who started pregnancy overweight,
but not obese (interaction p-value=0.03) (chapter 3 and appendix 6.1). In a recent
literature review Lederman [17] suggests that, from an evolutionary perspective, the
priority during lactation (especially during early lactation) is to save the energy stored
during pregnancy in case of later food shortage. Thus, the first mechanism
implemented to support lactation is an increase in food intake. Where increase in
energy intake is not possible or there is food restriction during lactation, physical

activity could be reduced in order to conserve the maternal fat stores as long as
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possible. Later in lactation, maternal fat mobilization would presumably not be as
risky as earlier in lactation, and fat mobilization could occur. This scenario suggests
that, in order for lactation to have an effect on weight reduction in the postpartum
period, women have to breastfeed for a long time.

Considering Lederman’s speculations, one possible explanation of our results
is that overweight women had sufficient maternal fat stores, so that mobilizing fat in
women with sufficient stores would not jeopardize lactation later in postpartum. Given
that the reported energy intake at 6 months postpartum was low in the current study
(mean energy intake: 1716 + 513 kcal/day), we could speculate that lactation in
overweight women was supported by mobilizing maternal energy stores, whereas in
the non-overweight women (pre-pregnancy BMI < 25 kg/m2) adequate lactation was
supported by other regulatory mechanisms such as decrease in physical activity.

The lack of an association between weight retained and breastfeeding in obese
women (pre-pregnancy BMI > 30 kg/m2) found in this study, was unexpected. If our
above stated explanation regarding overweight women is correct, it would be expected
that the direction of the association between weight retained and breastfeeding in
obese women would be the same as the association seen in overweight women.
However, in this population obese women had the lowest weight retention. Thus, it
might be possible that they were using their fat stores to support lactation. On the
other hand, obese women with a high percentage of days of exclusive breastfeeding
might have had a lower physical activity, or might have modified dietary intake by
amounts not detectable by the method used to assess energy intake. It is important to
keep in mind that the sample size of women with pre-pregnancy BMI > 30 kg/m? was
small (n=9), which makes it difficult to draw conclusions. After excluding from the
analysis the women who started pregnancy obese, we then explored the interaction

between pre-pregnancy BMI and percentage of days of exclusive breastfeeding. The
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results were similar to those when the obese subjects are included; in non-obese
overweight women who exclusively breastfed the longest, they retained less weight at
6 months postpartum (interaction p=0.03) (chapter 3).

We also found that the benefit of predominant exclusive breastfeeding on
women’s health was through the reduction in the risk of becoming overweight at six
months postpartum for women who started pregnancy with an adequate BMI (20-24.9
kg/m?). Hence, the promotion of exclusive breastfeeding for six months would be a
strategy to decrease the risk of overweight at 6 months postpartum. Our results support
the importance of breastfeeding on preventing postpartum weight retention and hence
overweight and obesity in women. This complements the overwhelming evidence for

the benefits of breastfeeding to the infant [3].

2. Timing of weight gain during pregnancy and weight retention at six months

postpartum

We found that the net weight gained during the second half of pregnancy is
associated with the weight retained at 6 months postpartum, while the association is
not seen for weight gained before 20 weeks of pregnancy. Women with higher weight
gain in the second half of pregnancy had greater postpartum weight retention.
Furthermore, the weight gained during the second half of pregnancy was associated
with a greater risk of having a weight retention greater than 4 kg at six months
postpartum. Our findings in the second half of pregnancy are consistent with the
findings of Scholl and colleagues [19] who also studied the effect of weight gain from
week 20 of pregnancy on weight retention at 6 months postpartum. Among low
income minority U.S. women ages 12-29 y with pre-pregnancy BMI in the normal

range (19.8-26 kg/m?), they found that a rate of weight gain greater than 0.68 kg/wk

129



(high rate weight gain), between 20-36 weeks of pregnancy, was associated with 8 kg
of postpartum weight retention at 6 months postpartum. The authors did not explore
the association of the weight gained in the first half of pregnancy with postpartum
weight retention.

During pregnancy, maternal body fat accumulation occurs mainly between the
end of first trimester and mid gestation [20]. The purpose of fat accumulation is to
build energy stores in order to support the high energetic demands of the late stages of
pregnancy and lactation. The increased insulin response to glucose, together with the
influences of pregnancy hormones, favors lipogenesis and fat storage in early
pregnancy. On the other hand, during the third trimester of pregnancy, hormonal
changes promote the use of fatty acids as energy substrates in the mother [21];
therefore, during late pregnancy lipolysis is increased.

One possible explanation for the findings in our study is that women with a
higher late pregnancy weight gain did not use the reserves of fat stored during the first
half of pregnancy to support the energy needs at the end of pregnancy. Thus, women
who did not mobilize fat reserves during late pregnancy started the postpartum period
with greater fat stores and it would take longer during the postpartum for these women
to deplete their stores.

Since the analysis presented in chapters 3 and 4 excluded obese women with
pre-pregnancy BMI > 30 kg/m? (chapter 3), we reran the analysis with the 8 obese
women included to determine if any bias occurred in the results. We found that the
weight gained during the first half of pregnancy was associated with weight retention
only in women with pre-pregnancy BMI > 30kg/m? (appendix 6.2). Obese women
with higher weight gain in the first half had higher postpartum weight retention at 6
months. However, these results should be interpreted with caution given the small

number of women who started pregnancy as obese (n=8).

130



In order to discuss the implications of our findings, it is necessary to consider
the effect of timing of weight gain during pregnancy on newborn outcome, measured
as adequate growth. There is evidence from developed and developing countries that
maternal nutritional status (defined by anthropometric measurements) in the first half,
rather than in late pregnancy, is a more important determinant of fetal growth [22-24].
Considering the effect of timing of weight gain during pregnancy on newborn
outcome, and ours on maternal outcome, one important implication is that besides
monitoring total weight gain during pregnancy, it is important to monitor the weight
gain in different stages of pregnancy (i.e. early and late pregnancy) in order to assure
an adequate fetal growth and prevent high postpartum weight retention in women.
This has important implications for encouraging early prenatal care and for targeting

interventions earlier in pregnancy than is usually the case in developing countries.

3. Weight gain during pregnancy (total and timing) and risk of becoming overweight
at 6 months postpartum

We found that, in these rural Guatemalan women, the total net weight gain
during pregnancy was associated with a greater risk of becoming overweight at 6
months postpartum in women with pre-pregnancy BMI=20-24.9 kg/m?, as well as
with increased risk of becoming obese in women with pre-pregnancy BMI1=25-29.9
kg/m?. Furthermore we found that the weight gained in late pregnancy, but not the
weight gained in early pregnancy was associated with the risk of becoming overweight
at 6 months postpartum in women with pre-pregnancy BMI between 20 and 24.9
kg/mZ.

In order to study the importance of pregnancy on adult weight development, it
is necessary to follow the women for a sufficient length of time after delivery to

ascertain the full effect of pregnancy and major changes in life style [25]. Our
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outcome variables were overweight and obesity at 6 months postpartum. Whether the
risk of overweight and obesity at 6 months postpartum will reflect the risk of
overweight and obesity later in life, it is not clear. However, in a sub-sample of 74
women, the BMI at 6 months postpartum was highly correlated with the BMI at 12
months postpartum (Pearson correlation= 0.947, p <0.0001). Thus, in this Guatemalan
population, women with high BMI at 6 months postpartum are likely to have a high
BMI at 12 months postpartum as well.

There have been few studies exploring the effect of pregnancy weight gain and
maternal obesity later in life. In a cohort study in Sweden, the authors found that
weight retention at the end of the first postpartum year predicts future overweight 15
years later [26]. The participants were followed during pregnancy and until one year
postpartum when anthropometric data were obtained. Fifteen years later, these women
were invited to participate in the follow-up. The mean pre-pregnancy BMI of the
women participating in the study was 21.5 + 2.4 kg/m? Women gained on average
14.1 + 4.1 kg during pregnancy and retained 1.4 + 3.1 kg at 6 months postpartum. The
main conclusion of this longitudinal study was that women with both high weight
gain during pregnancy (defined as weight gain > 15.6 kg) and high weight retention at
12 months postpartum (mean PWR 2.9 + 4.0 kg) had a greater BMI at 15 years
follow-up compared to women with lower weight gain during pregnancy and weight
retention. Another important finding is that BMI before pregnancy and at 12 months
postpartum were strongly correlated with BMI at 15 years follow-up. Our results
show that the higher the net gestational weight gain, the greater the risk of moving up
one BMI category from pre-pregnancy to 6 months postpartum. Considering Linne’s
results, and ours, we might speculate that Guatemalan women with a high net
gestational weight gain are likely to be at a higher risk of becoming overweight or

obese in the long term as a result of one reproductive event.
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Our findings of the association between risk of becoming overweight after one
reproductive event and total net GWG are consistent with results from healthy US
women. Gunderson and colleagues [27] reported that in well nourished women (mean
pre-pregnancy BM1=22.0 kg/m?) with a total GWG of 16.1 kg (range: 5.1 to 38.1 kg),
one of the major predictors of the risk of becoming overweight (BMI > 26 kg/m?) at
18 months postpartum was gestational weight gain. The risk of becoming overweight
was increased for women with high gestational weight gain, defined as weight gain
above the current IOM weight gain recommendations, compared to women with

weight gains within or below the recommendations (OR= 3.2, 95% C.I.: 1.9- 5.4).

4. Current IOM recommendations and weight retention in women from developing
countries

Almost seventy percent of these rural Guatemalan women gained insufficient
weight during pregnancy, according to the current IOM [3] recommendations. In spite
of this, the mean postpartum weight retention at six months postpartum in these
women was 1.3 + 3.5 kg, and 25% had a weight retention greater than 4.0 kg, an
amount similar to the weight retention found in women from developed countries with
much higher gestational weight gain. Olson and colleagues [28] found in 540 healthy
adult US women, that almost 42 % gained weight above the current weight gain
recommendations during pregnancy. These women had a mean weight retention of 1.5
+ 5.95 kg at 12 months postpartum, and nearly 25% of them retained 4.55 kg or more.
Schauberger et al. [29] found an average weight retention of 1.4 kg at 6 months
postpartum in a sample of middle-class US white women.

The fact that the mean and variation in postpartum weight retention found in
these Guatemalan women was similar to weight retention found in women from

developed countries with a higher weight gain during pregnancy, raises more
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questions about the methods used to establish GWG recommendations and their
worldwide applicability.

The IOM Committee on Nutritional Status during Pregnancy and Lactation,
charged with developing the current recommendations, reviewed literature pertained
to women living in industrialized countries. Thus the recommendations are most
applicable to healthy women in the United States [3]. Also, the IOM committee
recognized the limitation of data supporting their recommendations and emphasized
that theirs were provisional recommendations. In spite of this, it is common that the
IOM recommendations are used in both research and clinical practice in developing
countries.

The current gestational weight gain recommendations are based mainly on
epidemiologic evidence concerning the effects of gestational weight gain on birth
weight as a reflection of fetal growth, but not maternal outcome (i.e. weight retention)
[3]. 1t is well known that, in developing countries, one of the determinants of
intrauterine growth retardation is low weight gain during pregnancy [30]. Thus, it
important to find an adequate weight gain which ensures both an adequate fetal and
maternal outcome. However, in setting GWG recommendations it is important to
consider other outcomes, such as obstetric complications, lactation performance [31]
and maternal stores (maternal nutritional status) during lactation.

The results from WHO Collaborative Study on Maternal Anthropometry and
Pregnancy Outcome have shown a wide range of weight gained during pregnancy that
is compatible with an adequate pregnancy outcome (birth weight > 3000g). In a group
of women, from developed and developing countries, who delivered infants weighing
over 3000g, women from developed countries had an average weight gain of 13.5 kg,

whereas women from developing countries gained on average 10.5 kg. These results
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suggest that in order for undernourished populations to have an adequate pregnancy
outcome they may require lower weight gain during pregnancy.

There is very limited research to support a biological basis for the speculation
of lower gestational weight gain required to support optimal fetal growth in
developing countries. One potential explanation might be found in the fetal origins of
obesity hypothesis, which assumes that environmental factors in early life influence
lifelong health. There is epidemiological evidence of a significant relationship
between birth weight (an indicator of exposure to nutritional insult in utero) and BMI
attained later in life. The possible mechanisms for this association are through changes
in the proportions of fat and lean body mass accumulated later in life, central nervous
system control of appetite, and pancreatic structure and function [32]. All of these
reflect an increased efficiency of energy metabolism in postnatal life, which is
hypothesized to be related to metabolic controls established in the nutritionally
stressed fetus. However, there is still much research to be done to test the of fetal
origins of obesity hypothesis. This is a research area with new developments
everyday. Furthermore, there is evidence suggesting that recommendations for energy
intake during pregnancy should be population-specific because of differences in body
size and lifestyle [33].

A second question related to relatively high weight retention in Guatemalan
women relates to recommendations for maternal dietary energy intake during
lactation. The current recommendations of 500 kcal/d of energy intake during lactation
assumes that 200 kcal/d is mobilized from maternal fat stores accumulated during
pregnancy [18]. However, there is evidence from developed and developing countries
[15, 18, 34-36] that energy requirements for lactation are generally met by an increase
in dietary intake. Where increase in dietary intake cannot occur, other mechanisms are

utilized, such a reduction in energy expenditure (reduction of PA or basal metabolic
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rate) [17]. Further research needs to be conducted to determine if the recommendation
of an extra 500 kcal/d during lactation is too high, to allow women to mobilize fat
stores accumulated during pregnancy.

To address the questions about the use of IOM recommendations for weight
gain during pregnancy and energy intake recommendations during lactation, studies
looking for the optimization of weight gain during pregnancy and changes in the
postpartum period that consider both newborn and maternal outcome are needed. At
the population level, the ideal study to address this question would require data on
both mother and her newborn. Maternal data, should include weight change during
pregnancy and the postpartum period along with information on the components of
energy balance, such as energy intake and energy expenditure (metabolic rate and
physical activity), assessed during pregnancy and various times during the first
postpartum year. Short and long-term maternal health should be monitored and the
cumulative effects of sequential pregnancies on body weight examined. Data on
newborn should include ultrasound measurements of intrauterine growth, and
anthropometric measurements of infant growth, as well as information on
breastfeeding practices, infant and child morbidity and behavioral development. Other
smaller studies using more sophisticated laboratory techniques of energy expenditure
(i.e. calorimetry, doubly labeled water) and body composition would help to answer

these questions as well.

I11. Strengths of this research

To our knowledge, this is the first time that the question of the effect of a
reproductive event on weight retention and risk of overweight in women is addressed
in a developing country undergoing a nutrition transition, where a high proportion of

women do not experience adequate weight gain during pregnancy according to IOM
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recommendations. Furthermore, it is the first study in developing countries that
explored timing of weight gain during pregnancy on PWR. Studies exploring the
association between parity and postpartum weight retention have been conducted in
Brazil [13],[37]. However, the authors explored only the effect of total GWG, and the
weight gain in the Brazilian populations was similar to the GWG seen in developed
countries.

Another strength of the present study is the quality of the weight
measurements. Measured rather than self-reported weights were used at all time
points for all women, including the pre-pregnancy period. Self-reported weights tend
to the under-estimate true body weights, especially in overweight and obese women
[38]. Also, all measurements were taken by highly trained personnel, who were
standardized frequently.

It is not likely that the extrapolation of the last measurement to estimate weight
at delivery biased the results of the current study. The mean non corrected net weight
gain was 4.5 + 4.2 kg, compared to corrected net weight gain 5.3 + 4.1 kg. To evaluate
the effect of using the corrected net weight gain, we fitted a main effect model
including non-corrected net weight gain and gestational age at last measurement in the
main effect model of postpartum weight retention at 6 months. Both the coefficient
and its significance were not different from the model including the corrected net
weight gain (0.729 + 0.07, p<0.0001 vs. 0.732 + 0.069, p<0.0001 for non-corrected
weight gain and corrected weight gain, respectively).

In the analysis of timing of weight gain, we included the rates of weight gain in
the first and second half of pregnancy rather than the absolute weight gain. By the
inclusion of the rates we took into account the different times between measurements

during pregnancy, thus removing time dependence.
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The use of net gestational weight gain instead of total weight gain during
pregnancy (including the birth weight) (chapter 3) was because of the interest on
estimating the association of maternal tissue accretion during pregnancy with the
weight retention and it association with risk of developing overweight in the
postpartum. However it is important to keep in mind two issues when using net weight
gain. First, considering only the birth weight of the baby takes no account of other
products of conception or of maternal edema [3, 31]. Second, the use of the results
for clinical applications might be limited, given that fetal weight cannot be determined
in utero, and corrections cannot be made during pregnancy [3].

The detailed and longitudinal nature of measurement of breastfeeding practices
is another important strength of the present study. Every two weeks, women were
visited and inquired about breastfeeding status in the previous 14 days. It is likely that
the short interval between interviews reduced the error for recall bias and identified
with high precision when a change in breastfeeding status occurred.

Another important strength is that the study population included only adult
women (range 19-36 y). Inclusion of women under the age of 18 years is likely to
provide a biased estimate of average body weight change due to pregnancy since
teenager mothers may be still growing, which could account for some of the weight
increase seen during pregnancy [38]. In the current study, maternal growth is not
likely to contribute to weight gain during pregnancy or postpartum weight retention.
IV. Limitations of this research

The major limitation in this study is the lack of measurements of physical
activity during pregnancy and the postpartum period. One of the primary contributors
of energy expenditure, and hence energy balance, is physical activity. In other studies,
it was found that increased exercise frequency during the postpartum was significantly

associated with lower weight retention at 12 months [28, 39]. While this rural
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Guatemalan population does not generally include voluntary exercise in its daily
routine, other activities such as housework and employment away from the home may
provide opportunities to increase energy expenditure. This could not be examined in
the current study.

A second limitation is the structural bias existing in the relation between
gestational weight gain and postpartum weight retention, a bias resulting from the way
variables are defined [38]. Both involve the pre-pregnancy weight as a baseline
measurement. Therefore, there is an inflated correlation between outcome and
predictor when the predictor is a component of the outcome. To our knowledge, no
studies to date have considered this issue. The role of gestational weight gain on
postpartum weight retention might be overestimated due to the structural bias. In spite
of the potential bias, however, there is still a highly significant association between
weight retention and total net GWG. We tested to what extent the coefficient of net
gestational weight gain was inflated by including the net weight gain from early to the
end of pregnancy, instead of the net weight gain from pre-pregnancy, in the main
effect model of weight retention at 6 months postpartum. The coefficient of net weight
gain from early pregnancy was lower (0.427 + 0.086; p<0.0001) than the coefficient of
net weight gain from pre-pregnancy (0.711 + 0.068; p<0.0001), but the association
remained highly significant.

The use of BMI cut-off criteria recommended by the WHO to classify women
as overweight or obese in our study might be questioned. It is recognize that BMI is a
simple but inaccurate measurement of body fat. Also, the relationship between BMI
and body fatness appears to be different in Asian and European populations. At the
same BMI, Asians have greater percentage of fat mass compared to Caucasians [40,
41]. Whether the same would be seen in other ethnic groups is less clear. The use of

BMI as indicator of fatness in malnourished, developing-country populations in which
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stunting and wasting are common has received less attention [42]. There is evidence
that in young Guatemalan adults BMI is a good estimator of fatness [42]. None of
these analyses address whether the WHO cut-off for BMI classification are applicable
for this Guatemalan population. Given this lack of clear indication for the use of
different BMI cut-offs, we chose to use the ones recommended by WHO. We found a
good correlation between pre-pregnancy BMI and sum of triceps, subscapular, and
thigh skinfold early in pregnancy (Correlation = 0.714, p <0.05) (appendix 6.3),
confirming that BMI is a reasonable indicator of fatness in this group of women.
Finally, by using the WHO cut-off values we are able to compare our results with
other studies using a common classification system.

Another limitation of the study was the lack of women with no reproductive
event as a control group to examine the weight gain due to aging. The effect of aging
on weight gain has been studied in other populations. In one study of European
women, aged 18-45 y with no reproductive events during the 21 month study period
[25], the weight gain was 0.18-0.55 kg. Applying this aging effect to the current
study suggests that non-pregnant/lactating women would gain only between 0.05 and
0.16 kg during the 15 months of observation.

Another limitation was the small sample size of women who started pregnancy
as obese. It seems that the effect of GWG, pre-pregnancy and postpartum maternal
characteristics on weight retention are different in this group of women, but it is
difficult to draw conclusions with such a small sample size.

A large proportion of women who were potentially eligible for the analysis had
to be excluded because of incomplete data. Women who were excluded from the
analysis (n= 259 and n= 308 for the net gestational weight gain and timing of weight
gain analysis respectively) had a lower parity (3 vs. 4 children for excluded and

included women respectively, p=0.02) and slightly higher formal education (4.2 vs.
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3.5 years of education for excluded and included women respectively, p=0.03). Parity
was associated with total weight gain during pregnancy and weight retention in our
analysis and it has been found to be associated with total gestational weight gain in
other studies [3, 43, 44]. However, considering the results from the literature and
ours, it seems that the effect of parity on postpartum weight retention is higher when
comparing primiparous vs. multiparous, thus the difference of one child is not likely to
bias the results. Furthermore, neither the outcome variable (weight retention or BMI at
6 months postpartum), nor the net weight gain during pregnancy differed between the
excluded and included women (net weight gain 5.9 + 3.8 vs. 5.3 + 4.1 kg in excluded
and included women respectively, p= 0.2; weight retention at 6 months postpartum 2.6
+3.9vs. 1.3 + 4.2 in excluded and included women, respectively, p=0.1).

For the heritability analysis, the small sample size was a major limitation. We
lacked statistical power to find whether the weight change during pregnancy is an
inherited trait. The sample size required to find a significant heritability is very large.
One of the reasons for the large sample size is the small observed heritability
coefficient.

Finally, one might question the applicability of these results to other
populations, given the uniqueness of the study population and research setting. It is
likely that the four study villages are not representative of other rural communities in
Guatemala. The continued presence over the years of a team of researchers in the
small, traditional villages might have had an impact on attitudes and practices about
health, nutrition and childrearing, among others, given that a primary health care
system was implemented in all four villages employing auxiliary nurses supervised by
a physician. Even though environmental sanitation projects and community nutrition
and health education programs were absent in the villages , advice was provided

through the health clinics set up by project personnel.
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V1. Conclusions
The major conclusions of this research can be summarized as follows:

1. In this rural Guatemalan population, even though 70% of the women gained
less weight during pregnancy than the current Institute of Medicine (IOM)
recommendations, the total net gestational weight gain was associated with a
weight retention and greater risk to develop overweight at 6 months
postpartum.

2. Inthis population weight retention at six months postpartum was related to
maternal weight status before conception, weight gain during pregnancy and
breastfeeding practices.

a. The association of total net weight gain depended upon pre-pregnancy
weight for height (pre-pregnancy BMI). For women with pre-
pregnancy BMI < 29.9 kg/m?, there was a positive association between
total net weight gain during pregnancy and weight retention at six
months postpartum. Women who started pregnancy with BMI > 30
kg/m?on average experienced weight loss during the postpartum period,
and there was no association between total net weight gain and
postpartum weight change.

b. For women who started pregnancy overweight but not obese (pre-
pregnancy BM1=25-29.9 kg/m?), as the percentage of days of
predominantly exclusive breastfeeding increased, the weight retained at
6 months postpartum decreased.

3. We found that the net weight gained during the second half of pregnancy is
associated with the weight retained at 6 months postpartum, while the

association was not observed for weight gained before 20 weeks of pregnancy.
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4. Twenty five percent of the study population had postpartum weight retention
greater than 4 kg (high weight retention) at six months. This high weight
retention was associated with total net weight gain, especially weight gained in
late pregnancy (after 20" week of pregnancy). Women with high weight
retention had a higher net GWG compared to women with low weight
retention.

5. The total net gestational weight gain was associated with a greater risk of
becoming overweight at 6 mos postpartum in women with pre-pregnancy BMI
between 20 and 24.9 kg/m* also observed was an increased risk of becoming
obese in women with pre-pregnancy BMI between 25 and 29.9 kg/m?.
Furthermore, we found that the weight gained in late pregnancy, but not the
weight gained in early pregnancy was associated with the risk of becoming
overweight at 6 months postpartum in women with pre-pregnancy BMI
between 20 and 24.9 kg/m?.

6. The association between risk of becoming overweight at 6 mo postpartum and
net weight gain during pregnancy was modified by breastfeeding practices. At
same weight gain, women who predominantly exclusively breastfed their
infants for 6 months had a lower risk to become overweight, compared to
women who breastfed with less intensity and frequency.

7. Our analysis lacked of statistical power to show whether weight change during
pregnancy is inherited. Very large sample sizes are required to determine
heritability of weight change during pregnancy.

VII. Areas for future research
This epidemiological research revealed many important statistical associations
with postpartum weight that need to be investigated further. Throughout this

discussion several potential mechanisms were examined to explain the conservation of
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maternal energy stores in order to preserve the life and well being of mother and
offspring. These include: giving priority during pregnancy to repletion of maternal
stores when there is chronic energy deficiency (reflected as low maternal energy
stores) and saving the energy stored during pregnancy in case of food shortage during
lactation. The specific mechanisms controlling energy partitioning between mother
and fetus or infant throughout a reproductive event are not known. In order to gain a
better understanding of these mechanisms it is necessary to study maternal and
newborn outcomes (including infant growth) simultaneously. This kind of study can
best be accomplished using longitudinal data which includes information on weight
gain and body composition changes during pregnancy and postpartum period in
women, along with data on growth, development and morbidity of their offspring
through the first postnatal year. Ideally, this research should be done in countries
where nutritional status of women varies from undernourished to well-nourished.

The lack of recommendations of weight gain during pregnancy for women
from developing countries affects both newborn and maternal health. There currently
is no widely recognized reference to determine whether women are having an
adequate weight during pregnancy. It is important to develop such recommendations,
considering newborn and maternal outcome, and the current dynamic situation of less
energy restrictive diets combined with a more sedentary life style and the rapid
increase in obesity and chronic diseases in developing countries.

Evidence from developing countries have shown that heavy physical exertion
has a detrimental effect on fetus and maternal outcome [3]. Little is known about the
effect of moderate physical activity during pregnancy on gestational weight gain in
developing countries, and whether it is feasible to implement the promotion of
moderate physical activity as a strategy to prevent excessive weight retention in the

postpartum period.
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VI1II. Potential interventions

Considering the results of the present study, it should be possible to prevent
excessive postpartum weight retention through several interventions. Approaches to
reduce overweight and obesity before a pregnancy occurs will benefit the population
in general, and women of reproductive age specifically. Interventions during
pregnancy to regulate weight gain through safe dietary approaches to reduced energy
intake and increase physical activity should be implemented early in the pregnancy to
achieve a maximum impact. Finally, promotion of exclusive breastfeeding for the first
6 months, as well as specific nutritional counseling and promotion of physical activity
during the postpartum period may be most effective, since this is a period when many

women report higher motivation for weight loss [45].
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APPENDIX 6.1

Postpartum weight retention (PWR) at 6 months and net gestational weight gain
(GWG) by categories of pre-pregnancy BMI -2

Interaction p-value = 0.02
4
3 |
Al
2 - ——BMI <19.9
1 . —=— BMI 20-24.9
S / BMI 25-29.9
= 0 f BMI > 30
<, g ./
o
-2
a Slope difference p=0.05
_3 ] Ahe b Slope difference p= 0.004
4 c Slope difference p=0.03
Slope different from zero:
-5 d Slope p=0.01
e Slope p <0.001
2.7 79 f Slope p <0.001
Net GWG (kg)®

! Included in the model: pre-pregnancy BMI (categorical), days of predominant exclusive breastfeeding
(% days), parity (primiparous vs. multiparous), net GWG (kg), pre-pregnancy BMI by days of
predominant exclusive breastfeeding, and pre-pregnancy BMI by net GWG

n=166

® Net GWG 2.7 kg= percentile 25th, 7.9 = 75th percentile

Slopes for interaction net GWG by pre-pregnancy BMI

Pre-pregnancy BMI Slope (SE) p-value
<19.9 * net GWG 0.653 (0.251) 0.01
20-24.9 * net GWG 0.817 (0.086) <0.001
25-29.9 * net GWG 0.597 (0.120) <0.001
> 30 * net GWG -0.126 (0.311) 0.685
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Postpartum weoght retention (PWR) at 6 months by categories of pre-pregnancy
BMI and 2 levels of predominantly exclusive breastfeeding (EBF) **

2 Interaction p-value = 0.03

1] —

0 T
—~ ——BMI <19.9
-1 —= BMI 20-24.9
z L BMI 25-29.9
o BMI > 30

-3

-4

-5

Low High a slope difference p- value= 0.07
EBF (% days) 1 slope p <0.001

! Included in the model: pre-pregnancy BMI (categorical), days of predominant exclusive breastfeeding
(% days), parity (primiparous vs. multiparous), net GWG (kg), pre-pregnancy BMI by days of
predominant exclusive breastfeeding, and pre-pregnancy BMI by net GWG

2n=166

3
EBF (% days): low= percentile 25th (63%), High= 75th percentile (100%)

Slope of interaction predominantly exclusive breastfeeding by Pre-pregnancy

BMI

Pre-pregnancy BMI

Slope (SE) p-value

<19.9*EBF 20 0.012 (0.028) 0.681
20-24.9 * EBF 90 -0.011 (0.012) 0.373
25-29.9 * EBF 47 -0.049 (0.013) <0.0001
>30* EBF 9 0.103 (0.082) 0.212
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Output of the interaction model:

STD. P- 95% CONFIDENCE
PARAMETER B ERROR VALUE. INTERVAL OF B
Lower Upper
Bound Bound
Intercept -10.102 7.155 .160 -24.238 4.034
Pre-pregnancy BMI (kg/m2)
<19.9 7.634 7.807 .330 -7.789 23.057
20-24.9 7.622 7.240 294 -6.681 21.925
BMI=25-29.9 12.167 7.240 .095 -2.135 26.470
BMI > 30 0(a)
Predominantly exclusive
breastfeeding (% days) .103 .082 212 -.059 .265
Parity (primiparous vs. multiparous)
-1.035 747 .168 -2.511 440
Net GWG (kg) -126 311 685 -.742 489
Two way interaction
Breastfeeding by Pre-pregnancy BMI 0.03
(kg/m?):*
<199 -.091 .087 293 -.262 .080
20-24.9 -113 .083 173 -.277 .050
25-29.9 -.151 .083 .070 -.315 012
>30 Reference
Net GWG by Pre-pregnancy BMI
(kg/m?): 0.02
<199 779 .400 .053 -.011 1.569
20-24.9 .943 .323 .004 .305 1.581
25-29.9 723 .334 .032 .064 1.382
>30 Reference
Adjusted R* = 0.472
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APPENDIX 6.2

Postpartum weight retention (PWR) at 6 months and gestational weight gain
(GWG) during the first half of pregnancy by pre-pregnancy BMI. Interaction
model

95%
STD. P- CONFIDENCE
PARAMETER B ERROR VALUE. INTERVAL OF B

Lower Upper
Bound Bound

Intercept -4.894 2.104 0.022 [ -9.067 -722

Pre-pregnancy BMI (kg/m?)

<199 4.185 3.234 0.198 | -2.227| 10.597
20-24.9 2.128 1.517 0.164 | -.881 5.137
25-29.9 125 1.451 0.932 | -2.751 3.001
> 30 0(a) . . . .
Early GWG (g/wk) .017 .007 0.011 .004 .030
Late GWG (g/wk) .010 .002 | <0.0001 .007 .013
E\BNeks)tatlonaI age at first measurement 313 138 0.025 040 586

Predominantly exclusive

breastfeeding (% days) -.020 .011 0.074 -.041 .002
Parity (n. children) 424 194 0.031 .039 .809
Interaction
Early GWG by pre-pregnancy BMI 0.049
(kg/m?)
-.024 .010 .025 -.044 -.003

<19.9
20-24.9 -.019 .007 .008 -.033 -.005
25.99.9 -.017 .007 .026 -.031 -.002

Referen
> 30 ce

Adjusted R = 0.303
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Weight retention at 6 mo postpartum and early GWG by categories of

pre-pregnancy BMI

——BMI <19.9

—=—BMI 20-24.9
BMI 25-29.9
BMI > 30

7
6 N
Slope P=0.01
5 N
Bap—
o
= 3 \
o
—
2 - \_
1 _
0
62 350
Early GWG (g/wk)*

! Early GWG values are ranges of rate early GWG in women with pre-pregnancy BMI > 30 kg/m

PWR at 6 months: Slopes for interaction pre-pregnancy BMI by early GWG

Pre-pregnancy BMI (kg/m?) by n Slope (SE) P-value
early GWG (g/wk)

<19 14 -0.006 (0.008) 0.418
20-24.9 62 -0.002 (0.002) 0.396
25-29.9 33 0.001 (0.003) 0.856

> 30 8 0.017 (0.007) 0.01
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APPENDIX 6.3

Relation between sum of skinfolds (triceps, subscapular and thigh) and BMI in
rural Guatemalan women (n=167)

120.00—

100.00—

80.00—

60.00—

Sum all skinfolds pregl (mm)

40.00 —

R Sq Linear = 0.714

20.00—

15.00 20.00 25.00 30.00 35.00
Pre-pregnant BMI, G2
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