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Abstract

Objective—While several studies have found an association between excessive gestational
weight gain and obesity later in life, to the best of our knowledge, no studies have explored the
role of gestational weight gain events across the life course.

Design and Methods—We describe how the prevalence of mid-life obesity (BMI=30 at age 40
or 41) among women varies by life course patterns of gestational weight gain (using 2009 IOM
guidelines) in the USA’s National Longitudinal Survey of Youth 1979 cohort.

Results—Among women who reported 1-3 births before age 40, the prevalence of mid-life
obesity increased with a rising number of excessive gestational weight gain events: from none
(23.4%, n=875), to one (37.6%, n=707), to two (46.8%, n=427), and to three (54.6%, n=108),
p<0.00005 for trend. Obesity prevalence was similar for the same number of excessive gestational
weight gain events, regardless of parity. No clear pattern emerged for the sequencing of excessive
gestational weight gain event(s) and later obesity.

Conclusions—In our descriptive exploratory study, excessive gestational weight gain events
appear to be associated with increased prevalence of obesity for parous women, suggesting the
importance of preventive interventions regardless of timing of pregnancy-related weight changes
over the life course.
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Introduction

The Institute of Medicine (IOM) 2009 guidelines * distinguish between inadequate,
adequate, and excessive gestational weight gain as having different implications for the
health of the mother and of the child. Excessive weight gain is associated with several short-
term weight-related outcomes, including higher post-partum weight retention 23, higher
birth weight 4, and childhood obesity °.

Several birth cohort analyses have found that excessive gestational weight gain is associated
with obesity later in life 8, but these studies 719 measure gestational weight gain in only one
pregnancy per woman. Two studies have considered gestational weight gain events from
two consecutive pregnancies 1112, but to the best of our knowledge, no studies have
explored gestational weight gain events over a woman’s life course. Our primary goal is to
explore the combined role of both gestational weight gain and parity: whether women with
multiple pregnancies with excessive gestational weight gain have an elevated prevalence of
midlife obesity. A second goal of the paper is to explore whether the number of excessive
gestational weight gain pregnancies or the pattern of excessive gestational weight gain over
the life course (for example, the first, or the most recent) is associated with midlife obesity
prevalence, inspired by social epidemiology research characterizing patterns of multiple
exposures 1315,

Materials and Methods

We examined excessive gestational weight gain across multiple pregnancies among
participants of the National Longitudinal Survey of Youth 1979 (NLSY79) cohort
(unweighted). The NLSY79 is a national sample of individuals who were between the ages
of 14 and 21 in 1979 (11). Through 2010, 4930 women enrolled in the NLSY cohort had
reported at least one birth (and therefore had a gestational weight gain event) and were
followed at least to age 40. Of these, 4808 women reported only singleton births (11,042
births). Our outcome of interest was obesity at age 40; therefore, we excluded women whose
births all took place at age =40 (n=31). However, we included three women whose births
were all singleton prior to age 40 even though they also had additional births after age 40,
leaving 4780 women eligible for analysis (Figure 1). Of the mothers in our sample, 24.8%
(n=1185) reported one birth, 40.7% (n=1942) reported two births, 22.5% (n=1075) reported
three births, 8.2% (n=392) reported four births, and 3.9% (n=186) reported five or more
births (maximum number of births reported was 11).

For each birth, women self-reported their pre-pregnancy weight and weight at delivery, and
gestational weight gain was calculated as the difference between these two weights. We
used pre-pregnancy weight and self-reported height to calculate each woman’s pre-
pregnancy body mass index (BMI) in order to categorize her gestational weight gain as
inadequate (low weight gain), adequate, or excessive (high weight gain) according to 2009
IOM guidelines (6). Our classifications take into account gestational age at delivery 16:17,
and hence, gestational weight gain (GWG) could not be calculated for births with
implausible gestational age values (= 44 weeks or < 22 weeks). We excluded women with
missing GWG data on any of their first three births (n=1144 births) (Figure 1).
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Each woman’s self-reported weight at age 40 or 41 and her most recently reported height
were used to calculate BMI in mid-life. Women with BMI =30 kg/m? were classified as
obese (12). Midlife obesity data were available for 66.9% of eligible women with full GWG
histories (2432/3636) (Figure 1).

For this descriptive analysis, we presented categories of GWG (inadequate, adequate, or
excessive) for up to three births occurring before age 40. We then estimated the prevalence
of obesity at age 40 among women with each possible combination of number of excessive
GWG births. We calculated continuity-corrected confidence intervals for our prevalence
estimates using an online tool (http://www.vassarstats.net/prop1.html) to ensure that the
confidence intervals would be between 0 and 100%, because prevalence estimates must be
between 0 and 100%%8. We used Fisher’s Exact Test and test of trend to test for statistically
significant differences in the prevalence of obesity between groups.

The mothers with full data on gestational weight gain and recorded obesity status in midlife
were, on average, similar to those in the initially eligible population (as outlined in figure 1).
Among those with full data, mean age at first birth (22.9 years), mean total number of births
(2.3), and proportion attaining 16 or more less of education by age 25 (13.2%) were nearly
identical to those characteristics in the eligible population (age at first birth: 22.7 years; total
births: 2.3; and =16 years of education: 13.2%). In the population with complete data, there
was a slightly higher proportion of Black non-Hispanic mothers (29.7% versus 25.2%) and a
slightly lower proportion of mothers with fewer than 12 years of education at age 25 (16.4%
versus 18.4%).

Of the included women (n=3636), 43.9% of their pregnancies (n=7811 births) resulted in
excessive GWG. More than half (59.2%) of these women experienced at least one excessive
GWG event. Excessive GWG events occurred in similar proportions across self-reported
racial/ethnic groups: 44.5% for non-Black non-Hispanic (i.e., White, Asian, other) women
(n=4623 births); 41.1% for non-Hispanic Black women (n=2049); and 46.4% for non-Black
Hispanic women (n=1139).

When we consider excessive GWG prevalence by birth order, the prevalence of excessive
GWG decreased as birth order increased (p for trend=0.107), with 45.7% of first births
(n=3636), 42.3% of second births (n=2575), 42.9% of third births (n=1127), 42.8% of fourth
births (n=327), and 37.1% of fifth births (n=97) having excessive GWG. When we look at
racial/ethnic subgroups, the trends were not statistically significant (p for trend for Hispanics
=0.129, p for trend for non-Black non-Hispanics = 0.163, p for trend for Blacks = 0.845).

When we consider the prevalence of excessive GWG by mother, the likelihood of ever
experiencing excessive GWG increased with an increasing number of recorded births (p for
trend <0.00005): the proportion of women who ever experienced a birth associated with
excessive gestational weight gain was 47.9% among women with one birth (n=1061), 61.9%
among women with two births (n=1448), 64.7% among women with three births (n=731),
67.9% of women with four births (n=280), and 72.4% among women with five or more
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births (n=116). These findings were similar across racial/ethnic groups, and the p for trend
was significant for non-Black non-Hispanics (p=0.002) and non-Hispanic Blacks (p= 0.04)
but not non-Black Hispanics (p=0.14).

Gestational weight gain experience tracked moderately with GWG in subsequent births.
Among women with exactly two births (n=1448), excessive GWG in the first birth (n=685)
was most often followed by excessive GWG in the second: 66.4% excessive GWG, versus
21.3% adequate GWG and 12.3% inadequate GWG. Adequate GWG in the first birth
(n=421) was most often followed by adequate GWG in the second: 43.0% adequate GWG,
versus 33.7% excessive GWG and 23.2% inadequate. Likewise, inadequate GWG in the
first birth (n=342) was most often followed by inadequate GWG in the second: 53.8%
inadequate GWG, versus 26.0% adequate GWG and 20.2% inadequate GWG.

Figure 2 presents the prevalence of mid-life obesity according to histories of gestational
weight gain over a woman'’s first three births. The overall prevalence of obesity in this
sample was 35.4% (n=2432 women with complete GWG data). The prevalence of obesity at
age 40 was greatest among those experiencing excessive gestational weight gain, regardless
of GWG experiences in previous births. This pattern did not hold only in groups of small
sample size (n < 10). The figure can be used to examine the prevalence of obesity at age 40
for any combination of categories of GWG and number of births. For example, following
from the upper left block of “Inadequate” to the far left block below “Inadequate” to the
next far left block “Inadequate”, the figure shows that among women with 3 births, 14.9% of
women (7/47) are obese at age 40 if they had inadequate GWG for all three of their
pregnancies. Similarly, the pathways in the figure can be followed to show that among
women who reported three births, the prevalence of obesity at age 40 was smaller when all
three GWG experiences were categorized as adequate (13.3%; 4/30) and larger when all
three were excessive 54.6% (59/108). For women reporting two births, the prevalence of
mid-life obesity was also greatest when both births resulted in excessive gain (49.1%,
155/316), in comparison to two adequate GWG events (18.2%, 22/121) or two inadequate
GWG events (23.3%, 30/129).

Overall, there was a significant relationship between the ordered combination of excessive
GWG births and prevalence of obesity (Fisher's Exact Test p<0.001). Collapsing across
GWG patterns with the same number of excessive GWG events, there was a significant
relationship between number of excessive GWG events and prevalence of obesity (Fisher's
Exact Test p<0.001). However, when looking within GWG patterns with the same number
of excessive GWG events, the individual GWG pattern was not significantly related to
prevalence of obesity in either the patterns with one excessive GWG event (Fisher's Exact
Test p=0.42) or the patterns with two excessive GWG events (Fisher's Exact Test p=0.64).

Table 1 presents the prevalence of obesity for each of eight possible GWG patterns for
women with three births. Among women reporting three births and a single excessive GWG,
the obesity prevalence was 37.7% when the excessive GWG occurred in the first birth
(n=53), 33.3% when the excessive GWG occurred in the second (n=21), and 27.9% when
the third gestational weight gain was excessive (n=43). Among women reporting three births
and two excessive GWGS, obesity prevalence varied according to whether the excessive
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GWGs occurred in the first two births (33.3%, n=30), the first and third (38.2%, n=34), or
the final two (47.9%, n=48).

Figure 3 presents the prevalence of mid-life obesity organized by the total number of births
and the total number of excessive GWG events prior to age 40, among women with
complete GWG data through their first three births (see table 2 for the numerical prevalence
estimates and confidence intervals). The prevalence of obesity was higher with increasing
excessive GWG events at all numbers of total births (p for trend <0.005 for each number of
total births (one, two, three, and four or more)). However, for any given number of
excessive GWG events, the prevalence of obesity was not higher with an increasing number
of births. For example, among women with zero excessive GWG events, obesity prevalence
ranged from 21%-26% depending on parity, whereas the prevalence of obesity among
women with one excessive GWG event ranged from 33%-43%, the prevalence of obesity
among women with two excessive GWG events ranged from 41%-51%, and the prevalence
of obesity among women with three excessive GWG events ranged from 55-62% (figure 3).

Discussion

Our findings illustrate how experiencing excessive gestational weight gain is correlated with
mid-life obesity, with a higher prevalence of obesity as the number of excessive GWG
events accumulates. In particular, stratified by the number of excessive GWG events, the
prevalence of mid-life obesity was not higher with greater parity; whereas, holding parity
constant, the number of excessive GWG events was strongly linked to mid-life obesity
prevalence. It did not appear that the order in which excessive GWG events occurs was an
important predictor of mid-life obesity.

Other studies have focused on the association between parity and obesity in mid-life19-21
but have not included data on GWG, while, to the best of our knowledge, most studies of
GWG and midlife obesity are birth cohorts that have information on only one pregnancy.
Our findings, which include data on GWG over a woman’s entire life course, suggest that
the number of births per se do not necessarily put women at higher risk for obesity; instead,
the accumulated number of excessive gestational weight gain experiences appears to be a
more important factor.

Our study had several limitations, including that we relied on self-reported measures of
weight and that there was loss to follow up over the course of the study. Additionally, given
the small cell sizes for many of the gestational weight gain patterns illustrated in figure 2,
the specific prevalence estimates may be imprecise. However, our primary strength was that
we had a long follow-up (to age 40) over the life course with a national sample that included
multiple pregnancies. The NLSY cohort covers the emergence of the obesity epidemic, and
we are not able to determine whether data from earlier or contemporary populations would
yield similar findings, so we encourage future researchers with access to other populations
to conduct similar analyses.

We note that this study was exploratory and hypothesis-generating in nature; we encourage
future research to test the hypotheses generated with multivariable models, including that
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ever experiencing excessive gestational weight gain, as well as the number of excessive
gestational weight gain events, may be associated with obesity later in life. We also
encourage future researchers to examine what factors may modify (e.g., pre-pregnancy
BMI) or mediate (e.g., lactation behaviors) the relationship between excessive gestational
weight gain and midlife obesity.

Some studies have focused on the first birth as a key intervention point for the prevention of
excessive gestational weight gain 22, while other randomized controlled trials did not
differentiate based on birth order 2324, Qur results confirm that women who gain
excessively in the first birth are more likely to gain excessively in later pregnancies. From
the standpoint of reducing obesity in mid-life, our findings are consistent with the idea that
preventing excessive weight gain in any pregnancy in the birth order may be associated with
reducing midlife obesity. With this in mind, we encourage health care providers and public
health practitioners to think of every pregnancy as an opportunity to promote healthy
gestational weight gain and prevent obesity.
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Figure 1.

Participant eligibility for analytic sample.
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Gestational Weight Gain .
(First Birth) Inadequate Adequate Excessive

Midlife Obesity Prevalence 27.5% 43.3%
(Mothers with 1 Birth) (38/138) (33/158) (122/282)

Inadequate Adequate Excessive Inadequate Adequate Excessive Inadequate Adequate Excessive

Gestational Weight Gain
(Second Birth)
Midlife Obesity Prevalence | 23.3% H 24.2% H 38.3% | I 21.1% || 18.2% || 31.7% 40.7% 30.8% 49.1%
( ( ( (

(Mothers with 2 Births) (30/129) 15/62) 18/47) (16/76) 22/121) 33/104) (22/54) (32/104) (155/316)
Gesmt;_?:ﬁhvg?:‘ﬂ:‘; Galn Inadequate Inadequate Inadequate  Inadequate Inadequate Inadequate Inadequate Inadequate Inadequate
Midlife Obesity Prevalence | 14.9% 14.3% 66.7% 33.3% | 33.3% 75.0% 44.4% | 40.0% | 55.6%
(Mothers with 3 Births) (7/47) (3/21) (2/3) (5/15) (6/18) (3/4) (4/9) (2/5) (5/9)
Adequate Adequate Adequate Adequate Adequate Adequate Adequate Adequate Adequate
42.9% 31.3% 33.3% 50.0% 18.3% 9.1% 30.0% 37.9% 23.8%
(12/28) (5/16) (1/3) (9/18) (4/30) (1/11) (3/10) (11/29) (5/21)
A,
E ive E ive E ive Ex ive Excessive Excessive E ive Excessive E ive
42.9% 40.0% 58.3% 25.0% 18.2% 44.4% 40.0% 37.5% 54.6%
(3/7) (4/10) (7112) (1/4) (4/22) (16/36) (4/10) (9/24) (59/108)
Figure 2.
Midlife obesity by gestational weight gain patterns over the first three births among
NLSY79 mothers.?

2 In order to identify the prevalence of obesity for a combination of GWG categories and
number of births, follow from the top of the figure down rows depending on the number of
births of interest. For example, following from the upper left block of “Inadequate” to the far
left block below “Inadequate” to the next far left block “Inadequate”, the figure shows that
among women with 3 births, all 3 with inadequate GWG, 14.9% of women (7/47) are obese
at age 40.
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Table 1

The prevalence of obesity at age 40 for each trajectory of gestational weight gains for women who had three
births:

Trajectory Number of Prevalence of Continuity-
women with obesity corrected 95% CI
this trajectory
(n)

108 54.6% 44.8%-64.1%

-]
-]

<]

n H 48 47.9% 33.5%-62.3%

34 38.2% 22.7%-56.4%
30 33.3% 17.9%-52.9%
43 27.9% 15.8%-43.9%
E—
n 21 33.3% 15.5%-56.9%
[ ES
53 37.7% 25.1%-52.1%

[e] D 193 26.4% 20.5%-33.3%
N-E N-E N-E
l:; i

Notes: E indicates excessive gestational weight gain; N-E indicates not excessive gestational weight gain.
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