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Objective—To examine the relationship of weight change during early, mid, and late pregnancy
with the development of a hypertensive disorder of pregnancy (HDP).
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Study design—These data are from a prospective cohort study of nulliparous women with live
singleton pregnancies. “Early” weight change was defined as the difference between self-reported
pre-pregnancy weight and weight at the first visit (between 6—13 weeks’ gestation); “mid” weight
change was defined as the weight change between the first and second visits (between 16-21
weeks’ gestation); “late” weight change was defined as the weight change between the second and
third visits (between 22-29 weeks’ gestation). Weight change in each time period was further
characterized as inadequate, adequate, or excessive based on the Institute of Medicine’s (IOM’s)
trimester-specific weekly weight gain goals based on pre-pregnancy body mass index.
Multivariable Poisson regression was performed to adjust for potential confounders.

Main outcome measure—Development of any hypertensive disorder of pregnancy

Results—Of 8,296 women, 1,564 (18.9%) developed a HDP. Weight gain in excess of the IOM
recommendations during the latter two time periods was significantly associated with HDP.
Specifically, trimester-specific excessive weight gain was associated with increased risk of
developing HDP in the mid period (alRR 1.16, 95% CI 1.01-1.35) as well as in the late period
(@lRR =1.19, 95% CI = 1.02-1.40). The weight gain preceded the onset of clinically apparent
disease.

Conclusions—Excessive weight gain as early as the early second trimester was associated with
increased risks of development of HDP.

Keywords
hypertensive disorders; pregnancy; preeclampsia; gestational weight gain

Introduction

Approximately 5-9% of all pregnancies in the United States are complicated by
hypertensive disorders of pregnancy (HDP), which include gestational hypertension,
preeclampsia, superimposed preeclampsia (SIPE), hemolysis, elevated liver enzymes, and
low platelets (HELLP) syndrome, and eclampsia [1]. The prevalence of HDP has increased
over time [2], and HDPs are a leading cause of maternal mortality [3], stillbirth [4], and
medically-indicated preterm delivery [5]. They are also associated with an increased risk of
long-term cardiovascular morbidity and mortality for women [6].

Weight change during pregnancy is associated with the risk of HDP. Pre-pregnancy [7] and
gestational weight loss [8] are associated with a lower chance of HDP in obese women.
Conversely, both pre-pregnancy obesity [9] and gestational weight gain in excess of the
Institute of Medicine’s recommendations [10] are associated with increased risk of
developing HDP. However, most of these studies examined total gestational weight gain
[11]. Less is known about whether weight gain at different time points in pregnancy confers
differential risk. Gestational weight gain late in pregnancy is associated with increased
maternal fat mass [12], whereas excess gestational weight gain is associated with placental
maternal vascular malperfusion [13], a risk factor for preeclampsia. One study showed that,
especially among women who were of normal weight, excess weight gain prior to 25 weeks’
gestation was associated with a higher prevalence of HDP, especially at term [14]. In
addition, it is uncertain whether weight gain is a cause or a consequence of a hypertensive
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disorder, as the increased capillary permeability and decreased plasma oncotic pressure
associated with preeclampsia is associated with fluid retention, often leading to rapid weight
gain [15].

Thus, our objective was to examine the relationships between weight change during three
different time periods in pregnancy and development of HDP in a cohort of nulliparous
women.

The Nulliparous Pregnhancy Outcomes Study: Monitoring Mothers-To-Be (NuMoM2b) is a
prospective cohort study in which nulliparous women with singleton pregnancies were
enrolled from hospitals associated with eight geographically-diverse clinical centers. Women
were eligible for enrollment if they had a live singleton pregnancy, had no previous
pregnancy that progressed beyond 20 weeks’ gestation, and were between 6+0 and 13+6
weeks of gestation at recruitment. Exclusion criteria included maternal age younger than 13
years, history of three of more spontaneous abortions, current pregnancy complicated by
suspected fatal fetal malformation or known fetal aneuploidy, assisted reproduction with a
donor oocyte, multifetal reduction, or plan to terminate the pregnancy. Women were further
excluded if they were already participating in an intervention study anticipated to influence
pertinent maternal or fetal outcomes, were previously enrolled in this study, or were unable
to provide informed consent. Each site’s local governing institutional review board approved
the study and all women provided written informed consent prior to participation.
Specifically, at Northwestern University, the affiliation of the primary author of this paper,
protocol number STU00030933 was approved on 10/1/2010. Full details of the study
protocol previously have been published [16].

Data were collected by trained research personnel during three study visits, scheduled to
occur between 6+0 and 13+6 weeks’ gestation (visit 1), 16+0 and 21+6 weeks’ gestation
(visit 2), and 22+0 and 29+6 weeks’ gestation (visit 3). At least 30 days after delivery,
trained and certified chart abstractors reviewed the medical records of all participants and
recorded final birth outcomes.

The exposure of interest for this study was weight change in each of three time periods.
“Early” weight change was defined as the difference between self-reported pre-pregnancy
weight and weight at the first study visit; “mid” weight change was defined as the weight
change between the first and second study visits; “late” weight change was defined as the
weight change between the second and third study visits. In order to assist with clinical
translation of these results, we further characterized weight change in each time period as
follows: as the time between visits varied among women, we standardized weight change
across visits by calculating a ‘per-week’ value for each time period, then categorized the
rates according to the Institute of Medicine’s (IOM) recommendations for weekly weight
gain per trimester [17] based on BMI at the first visit. Thus, the weekly rate was categorized
as ‘inadequate’, ‘appropriate’, or ‘excessive’ for each time period, using the IOM’s first
trimester goal weight gain of 1.1-4.4 pounds total for all women to define *appropriate’ for
the “early’ period, and the second/third trimester weekly weight gain values for both the
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‘mid” and ‘late’ time periods. This approach of creating weight change categories, as
opposed to modeling weight change as a linear continuous variable, has been utilized in
several other studies examining the association of weight change and pregnancy outcomes,
and may aid in clinical translation [18-21].

Women were included only if they had complete data on weight change, timing of visits,
pregnancy outcomes, and a body mass index (BMI; weight in kilograms/meter?) value from
the initial study visit. We excluded women with a fetal death. We also excluded women who
gained or lost more than 4 standard deviations of the mean in one of any of the three time
periods in order to guard against implausible values.

The outcome of interest was any new-onset HDP during the pregnancy. Women were
considered to have a hypertensive disorder if they had antepartum gestational hypertension,
or antepartum, intrapartum, or postpartum (up to 14 days) preeclampsia, eclampsia, or
superimposed preeclampsia. In order to define the occurrence of these conditions, we used
the 2013 American College of Obstetricians and Gynecologists’ (ACOG’s) Task Force on
Hypertension in Pregnancy definitions of hypertensive disease [15]. We chose to analyze all
hypertensive disorders of pregnancy together as one outcome, rather than splitting into
separate diagnoses (eclampsia, preeclampsia, etc.) as there is often overlap in terms of
diagnosis, and clinically they are managed largely in the same way.

We also assessed a number of potential confounding factors. These variables included race/
ethnicity (self-reported as non — Hispanic white, non — Hispanic black, Hispanic, Asian, or
other), maternal age at first visit (years), maternal BMI at visit 1, maternal education (less
than high school, high school graduate, some college, associate’s or technical degree,
college graduate, education beyond college), insurance (private, public, or self-pay),
gravidity (one, two, three or more), smoking status (defined as having smoked any tobacco
product in the three months prior to pregnancy), and maternal diabetes (none, pre-existing,
or gestational). Potential confounding variables were retained in multivariable models if they
were associated with either weight change or with HDP at a p value of < 0.10. The reference
group in these analyses were women whose gestational weight gain was appropriate
according to IOM standards.

In sensitivity analysis, we repeated all regressions limiting the sample to women with term
deliveries (= 37 weeks’ gestation) in an effort to study only women who had the outcome
remote from the final measured weight change. We also repeated all regressions limiting the
sample to women whose diagnosis of a hypertensive disorder occurred following the final
weight measurement, to address concerns with previous studies regarding reverse causality.

For bivariable analyses, we used Spearman’s rho for correlation analyses between two
continuous variables, student t tests or one-way ANOVA for comparison of continuous with
categorical variables, and chi square tests for comparison of two categorical variables. We
used the Hotelling T multivariable test of means to compare weight change across the three
different time periods. Finally, we used Poisson regression for multivariable analyses. All
analyses were carried out in STATA release 15.0 (StataSoft Corp., College Station, TX). All
statistical tests were two-tailed and considered significant at the p < 0.05 level.
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Of the 10,038 women enrolled in the NuMoM2b study, 570 were missing data on presence
of HDP and were excluded from this analysis. Another 55 were missing data on initial BMI,
93 had implausible data on weight change for at least one of the three time periods, 926
were missing data on weight gain, and 79 were excluded as at least one of their study visits
did not fall within the prescribed time frame. Nineteen women were excluded due to
stillbirth. The final population for this analysis included 8,296 women (Figure 1). Women
with missing data on HDP had similar weight change as women with complete data on
hypertensive disorders in each of the three time periods (p = 0.23, 0.08, and 0.09 for the
early, mid, and late periods, respectively).

Mean weight change differed across the three time periods: 4.5 + 7.2 pounds in the early
period, 5.4 + 4.9 pounds in the mid period, and 10.5 £+ 5.8 pounds in the late period (p <
0.001). Many factors were associated with weight change in each of the three time periods,
including maternal age, race and ethnicity, educational attainment, diabetes, and smoking
(Table 1). Initial visit BMI was negatively associated with weight change in the mid and late
time periods (Spearman’s rho = —-0.16, p < 0.001 for the mid period, Spearman’s rho =
-0.07, p < 0.001 for the late period).

Among women in the study population, 1,564 (18.9%) developed a HDP. Of these, 851
(54.4%) developed gestational hypertension, 667 (42.6%) developed preeclampsia, 41
(2.6%) developed superimposed preeclampsia, and 5 (0.3%) developed eclampsia. Onset of
hypertension occurred at a mean of 24.3 + 4.7 weeks following the early weight change
measurement, 17.4 + 4.8 weeks following the mid weight change measurement, and 8.7 +
4.8 weeks following the late weight change measurement.

In bivariable analyses, the development of HDP was significantly associated with the
amount of weight change in each of the three time periods (Table 2). In multivariable
analyses, this association remained significant for excessive weight gain in the mid and late
periods (mid period: adjusted incidence rate ratio [alRR] = 1.16, 95% confidence interval
(CI) = 1.01-1.35; late period: alRR = 1.19, 95% CI = 1.02-1.40). A higher initial BMI as
well as pre-existing and gestational diabetes also were significantly associated with HDP in
multivariable models (alRR 1.05, 95% CI 1.04-1.06 for BMI, alRR 1.46, 95% CI 1.08-1.97
for pre-existing diabetes, and alRR 1.28, 95% CI 1.04-1.58 for gestational diabetes).
Limiting our sample to the 7,674 women with term deliveries did not substantively change
our results (Table 3). Similarly, limiting our sample to the 8,188 women whose diagnosis of
an HDP occurred following the final weight measurement did not change our findings in
terms of significance or direction (Table 4).

Discussion

We demonstrated that gestational weight gain between 16-22 weeks’ gestation and between
22-30 weeks’ gestation that was in excess of the Institute of Medicine’s trimester specific
recommendations was associated with increased risk of HDP among nulliparous women.
Conversely, gestational weight gain between 6-13 weeks’ gestation was not associated with
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risk of HDP. Pre-pregnancy weight also has been shown to be a risk factor for HDP,
independent of gestational weight gain [7]. Our study also shows an increased risk of HDP
with higher initial BMI, even after adjustment for gestational weight gain.

Gestational weight gain previously has been associated with increased risk of HDP [22, 23].
One key question that impedes interpretation of results from earlier studies, however, is
whether that association is a consequence of reverse causality. That is, does weight gain
precede the development of HDP, or does it actually occur after the disease, which is
characterized by increased capillary permeability and extra-vascular extravasation of fluid.
Our data indicate that the extent of weight gain is indeed a risk factor for the subsequent
development of HDP, as all of the weight gain studied in this sample preceded 30 weeks’
gestation, and thus typically preceded development of an overt HDP by many weeks. These
results are congruent with those of Ruhstaller et. al. [24], who found that excess weight gain
prior to 28 weeks’ gestation was associated with a higher risk of HDP in women with
chronic hypertension; Hutcheon et. al., who measured gestational weight gain through 25
weeks in Sweden [14]; and of MacDonald-Wallis et. al., who examined gestational weight
gain through 18 weeks in the United Kingdom [25]. Our study generalizes these previous
findings in a cohort of nulliparous women in the United States. Most clinical guidelines
recommend monitoring women in pregnancy for rapid weight gain as a manifestation of
fluid retention and possible development of a HDP [15]; these data do not contradict these
guidelines.

Pre-pregnancy weight and gestational weight gain are both potentially modifiable risk
factors for HDP. Several studies have evaluated interventions aimed at reducing GWG,
including dietary counseling [26] and exercise [27], although as yet there is no weight-
modification method that has been shown consistently to lead to better pregnancy outcomes,
including decreased risk of HDP. Randomized trials of higher-risk groups of women, such as
those with gestational diabetes, suggest that even relatively small and late reductions in the
amount of weight gain are associated with a lower risk of HDP [28]. Our data support that
weight gain may be a modifiable factor in the development of HDP in a general population
of women. Further studies and trials may help to determine whether particular interventions
may both contribute to optimizing weight gain and/or lowering the risk for HDP.

This analysis has strengths, including a racially and geographically diverse cohort of
nulliparous women from the United States, multiple objective measurements of weight
change at different points in time, and prospectively-collected and detailed data. This paper
also has limitations that should be acknowledged. Women with missing data may differ from
women with complete data in ways that biases results. While the NuMoM2b cohort is
diverse and was selected to represent the population of nulliparous pregnant women in the
United States, these results may still not be generalizable to all nulliparous pregnant women.
Also, this study cannot be generalized to women not included, such as multiparous women.
There may be other confounding variables for which we could not account. Finally, as this is
an observational study, all findings are correlational only.

In conclusion, we demonstrated that gestational weight gain in excess of the IOM guidelines
as early as the second trimester was associated with increased risk of development of HDP,
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adding evidence that indicates weight gain precedes, rather than follows, the onset of
clinically-apparent HDP.
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