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Abstract

Background: High weight gain in pregnancy is associated with greater postpartum weight
retention, yet long-term implications remain unknown. We aimed to assess whether gestational
weight change was associated with mortality over 50 years later.

Methods: The Collaborative Perinatal Project (CPP) was a prospective U.S. pregnancy cohort
(1959-1965). The CPP Mortality Linkage Study linked CPP participants to the National Death
Index and Social Security Death Master File for vital status through 2016. Adjusted hazard
ratios (HRs) with 95% confidence intervals (CI) estimated associations between gestational
weight gain/loss according to the 2009 recommendations and mortality by pre-pregnancy body
mass index (BMI). The primary endpoint was all-cause mortality. Secondary endpoints included
cardiovascular and diabetes underlying causes of mortality.

Findings: Among 46,042 participants, 45-3% (n=20839) self-identified as Black and 46:2%
(n=21287) as White. Median follow-up time was 52 years (interquartile range 45-54) and

38:9% died. For those with pre-pregnancy underweight weight (n=3809; 9-4%), change above
recommendations was associated with increased cardiovascular (HR=1-84 [1.08-3-12]) mortality
and increased all-cause (HR=1-14 [95% CI 0-86-1-51]) mortality, but this estimate was less
precise and statistically insignificant. For those with pre-pregnancy normal weight (n=27921;
68:6%), weight change below recommendations was associated with lower diabetes mortality
(HR=0-62 [0-48-0-79]) and weight change above recommendations was associated with increased
all-cause (HR=1-09 [1-01-1-18]) and cardiovascular (HR=1-20 [1-04-1-37]) mortality. For those
with pre-pregnancy overweight (n=6251; 15-4%), weight change above recommendations was
associated with elevated all-cause (HR=1-12 [1-01-1-24]) and diabetes mortality, as well as
elevated cardiovascular (HR=1-12 [0-94-1-33]) mortality, but this estimate was less precise and
statistically insignificant. For those with pre-pregnancy obesity (n=2708; 6-7%), all associations
between gestational weight change and mortality were highly imprecise with no meaningful
associations.

Interpretation: This study’s novel findings support the importance of achieving healthy
gestational weight gain within recommendations, adding that the implications may extend beyond
the pregnancy window to long-term health, including cardiovascular and diabetes mortality.

Funding: National Institutes of Health.
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INTRODUCTION

Routine weight measurement during pregnancy is widely adopted in US prenatal care.!

In 2009, the National Academy of Medicine (NAM) published gestational weight gain
recommendations, balancing available evidence to optimize the health of birthing people
and their offspring.2 An important outcome considered in these recommendations was
postpartum weight retention. A systematic review of nine studies found that exceeding
recommendations was associated with postpartum weight retention of 3-06 kg (95% CI
1.50-4-63) at three years and 4-72 kg (2-94-6-50) at 15 years postpartum. Higher gestational
weight gain is also associated with higher fat mass and greater waist circumference
postpartum.3 Moreover, visceral adipose tissue is increased postpartum, even without
retained weight.3 Given the strong associations between mid-life excess weight, particularly
excess visceral adipose tissue, and the development of cardiovascular disease and diabetes,
there is plausible evidence that high gestational weight gain causes cardiometabolic diseases
and associated mortality risk.*> Yet, some studies have reported positive associations
between excessive or higher gestational weight gain with diabetes and cardiovascular health,
and others have no association with diabetes.5-8

Under this hypothesis that high gestational weight gain may increase obesity-related
cardiometabolic diseases and subsequent mortality, the corollary is that low gestational
weight gain may lower these risks, yet we lack critical relevant data. While gestational
weight gain below recommendations has been consistently associated with lower postpartum
weight retention, 9 one study has found that in individuals with pre-pregnancy underweight
or normal weight, weight loss in pregnancy was associated with an increased cardiovascular
disease risk 16 years post-pregnancy.’

No studies to date have investigated associations between gestational weight change and
mortality risk. Chronic disease development occurs over many years, and diagnosis typically
does not occur until later in life, highlighting the important need for long-term follow-

up. The longest follow-up on chronic diseases related to gestational weight gain is 21
years.8 This study examined associations between gestational weight change and all-cause
and cardiovascular and diabetes mortality in a racially diverse cohort up to 50 years post-
pregnancy. Given strong associations between pre-pregnancy body mass index (BMI) and
gestational weight change and current pre-pregnancy BMI-specific recommendations, all
analyses were stratified by pre-pregnancy BM1.2:10

MATERIALS & METHODS
Study Population

The Collaborative Perinatal Project (CPP) is an observational cohort study of 48,197
pregnant people (58,760 pregnancies) enrolled at their first prenatal visit at 12 U.S.

clinical centers between 1959-1966.11 Participants’ vital status was ascertained as of

2016 for the CPP Mortality Linkage Study.12 For this analysis, the index pregnancy was

the last CPP pregnancy for the participants with multiple study pregnancies (n=8,772;
18-2%). Exclusions were made for participants with missing identifiable linkage information
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(n=1637), pregnancy-related deaths (n=9), and non-singleton births (n=524), resulting in a
final sample of 46,042 (Figure S1).

There were no institutional review boards or rules for using human subjects at the inception
of CPP during the late 1950s, but general informed consent for participation was obtained.
Institutional review board approval was obtained for the CPP Mortality Linkage Study by
the Eunice Kennedy Shriver National Institute of Child Health and Human Development and
the Emmes Corporation, which performed the abstraction of identifying information from
historic CPP records and facilitated the linkages.

Exposure Assessment

Participants self-reported their pre-pregnancy weight and height at their first prenatal

visit. Participants’ weight at each prenatal visit and delivery admission was recorded.

Total gestational weight change (gain/loss) was calculated as measured weight at delivery
minus pre-pregnancy weight. Weight data were cleaned in two ways to identify potentially
implausible observations. First, total weight change <0-1 (-10-4 kg; n=41) and >99-9

(29:0 kg; n=40) percentiles were considered implausible. Second, implausible total weight
change was assessed based on the entire weight trajectory extracted from prenatal records
using conditional percentiles;® implausible values were defined as those inconsistent (>3
standard deviation; SD) with expected weight based on participants’ longitudinal prenatal
trajectory (n=536; 1-2%). Implausible total weight change was set to missing and imputed.

Pre-pregnancy BMI (kg/m?2) was classified as underweight (<185), normal weight (18-5—
24.9), overweight (25:0-29:9), or obesity (=30-0). There were no universal gestational
weight gain guidelines in the 1950°s and 1960’s; therefore, for applicability to current
public health guidelines, total weight change was classified as below, within, or above the
2009 NAM pre-pregnancy BMI specific recommendations.2: We also used quintiles defined
within each BMI category as a data-driven approach. Figure S2 provides a comparison of
the recommendations and quintiles. A total weight change for gestational age z-score was
also calculated. Internal week-specific mean and SD references were estimated using serial
weight gain from 6 to 42 weeks’ gestation among participants without preexisting diabetes
or hypertension, gestational diabetes, impaired glucose tolerance in pregnancy, gestational
hypertension, or preeclampsia/eclampsia, who delivered between 37 weeks 0 days and 41
weeks 6 days and had more than three repeated weight gain measurements (414,726 weight
measurements; n=24,845).14 Using estimated reference means and SDs, total weight change
for gestational age at delivery z-scores were estimated for the entire cohort and classified
into quintiles for analysis.

Outcome Assessment

As of December 31, 2016, participants’ vital status was ascertained using linkages with
the National Death Index (NDI)1° and Social Security Death Master File (SSDMF). The
NDI contains records of all U.S. deaths from 1979 onward and identifies matches based on
probabilistic linkage. The SSDMF covers the entire follow-up period from 1958 onward.
All-cause mortality was defined by a recorded death in the NDI augmented by the SSDMF
if there was no match with the NDI; 89% of deaths were sourced from the NDI, which
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is considered more accurate than the SSDMF.12:16 Follow-up time was estimated as the
difference between index pregnancy date of delivery and date of death or December 31,
2016.

In the NDI, underlying cause of death was defined by the World Health Organization

& International Conference for the Ninth Revision of the International Classification of
Diseases recommendations as “(a) disease or injury which initiated the train of events
leading directly to death, or (b) circumstances of the accident or violence which produced
the fatal injury”.117 These coding decisions are automated based on international coding
rules. Underlying causes of death were grouped according to ICD-10 codes and comparable
ICD-9 codes (Table S1).18

The primary endpoint was all-cause mortality. Secondary endpoints included cardiovascular
and diabetes underlying causes of mortality based on our hypotheses that excess gestational
weight gain may lead to weight retention or differential adipose stores leading to chronic
diseases. Other major causes of death outside of the main hypotheses are included in the
supplement.

Statistical Analysis

Mean (SD) total gestational weight change was reported across characteristics by pre-
pregnancy BMI. Cox proportional hazards regression estimated all-cause and cause-specific
mortality hazard ratios (HRs) with each exposure. Cause-specific hazards accounted for
competing risks of deaths due to different causes. The primary exposure was total
gestational weight change according to the 2009 NAM recommendations. Analyses adjusted
for index pregnancy covariates, including age, race/ethnicity, pre-pregnancy BMI, parity,
marital status, income, education, smoking, gestational age at delivery, pre-pregnancy
conditions, including diabetes, cardiovascular, respiratory, renal, neurological, and cancer/
tumors, site, and pregnancy year (Table S2). To avoid over-adjustment bias, we did

not adjust for factors on the causal pathway, including birthweight, gestational diabetes,
hypertensive disorders of pregnancy, or mode of delivery.1® We do not have information

on postpartum weight retention; however, it also is on the causal pathway and should

not be included in the models. Models were adjusted for gestational length to address

the inherent correlation between gestational length and gestational weight change.20:21
Secondary analyses classified gestational weight change as quintiles, with quintile 3 as the
reference. Sensitivity analyses utilized total weight change for gestational age z-scores in
quintiles as an alternative approach to account for the correlation between gestational weight
gain and gestational length.2!

Misclassification in death status may arise from linkages with the NDI and SSDMF.

We previously assessed sensitivity and specificity specific to our data to address this
concern.20 By comparing the vital status classification to vital status determined by an
expert genealogist in a random sample of 1250 participants, we estimated the sensitivity
to be 0.87 and the specificity to be 0.84. These estimates help account for potential
misclassification in death status and provide a more accurate understanding of the data’s
reliability. Using these estimates, we conducted a quantitative bias analysis to examine
the influence of outcome misclassification on our findings.22 Additionally, while delivery
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weight was obtained from the medical records, reducing the possibility for errors, there
may be misclassification in total weight gain due to underreporting of pre-pregnancy
weight. Prior studies have found that the correlation between self-reported pre-pregnancy
weight and measured weight was high (/=0.90-0.99), with errors ranging from 0.34 to
2.94 kg.23 We performed a quantitative bias analysis to assess the influence of exposure
misclassification on our findings. We employed sensitivity and specificity estimates of 0.9
while also considering additional variation at a level of 0.8. This analysis allowed us to
thoroughly examine the potential effects of misclassification on our findings.

Missing data on exposure, covariates, and cause of death were multiply imputed using
chained equations under the missing at random assumption (see Table S3 for missing data
details); the model included the exposure, outcome, and covariates. Regression models were
estimated for each of the 10 imputed data sets, and results combined using Rubin’s rule.24
Statistical significance was defined as A<0-05. All tests were two-sided and used SAS
version 9-4 (SAS Institute, Cary, NC) or R (Vienna, Austria).

Role of the Funding Source

RESULTS

The study sponsors played no role in the study design, collection, analysis, data
interpretation, writing of the report, or decision to submit the paper for publication. The
corresponding author had full access to the study data and had final responsibility for the
decision to submit the paper for publication.

Most participants (68-6%; n=27921) had a normal weight pre-pregnancy BMI, and 45-3%
(n=20839) self-identified as Black and 46-2% (n=21287) as White (Table S4). Mean [SD]
weight gain was highest among participants with underweight (10-4 [4-0] kg) and lowest
among participants with obesity (65 [7-:2] kg) (Table 1). Over a median (interquartile
range) follow-up of 52 years (45-54), 38:9% (n=17901/46042) of participants died.

The mortality rate (95% confidence interval [CI]) per 1000 person-years increased with
increasing pre-pregnancy BMI (<18.5: 6:6 [6-3-7-0]; 18:5-24.9: 7-:3 [7-1-7-4]; 25-0-29-9:
10-5[10-2-10-9]; =30:0: 14-4 [13:7-15:0]). Cardiovascular disease accounted for 30-0%
(n=5369/17901) of deaths; ischemic heart disease (13-2%; n=2368/17901), cerebrovascular
(5:5%; n=984/17901), other cardiovascular diseases (4-8%; n=852/17901), hypertensive
diseases (2-9%; n=521/17901), arrhythmia (1-9%; n=340/17901), and heart failure (1-7%;
n=304/17901). Diabetes accounted for 4-9% (n=882/17901) of deaths.

Pre-pregnancy BMI <18-5 kg/m?

Mortality was lowest among those with weight change within recommendations (1-2

per 1000 person-years [95% CI 1-0-1-5]) and highest among those with weight change
both below (1.8 [1-6-2:0]) and above (1-9 [1-2-2-9]) recommendations (Figure 1; Table
S5). Weight change below recommendations was associated with increased all-cause
(HR=1-11 [95% CI 0-97-1-26]) and cardiovascular (HR=1-18 [0-89-1-58]) mortality and
decreased diabetes (HR=0-68 [0-25-1-89]) mortality, but the estimates were imprecise
and not statistically significant (Figure 1; Table 2; Table S5). Weight change above
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recommendations was associated with increased cardiovascular (HR=1-84 [1.08-3-12])
mortality and all-cause (HR=1-14 [0-86-1-51]) mortality, but the estimate was less precise
and not statistically significant. Compared to quintile 3, quintiles 1 (HR=1.14 [0-95- 1-37])
and 2 (HR=1.13 [0-96—-1-34]) were associated with elevated all-cause mortality, but with
imprecise and not statistically significant estimates (Figure 2; Table S6). Quintile estimates
for cardiovascular and diabetes mortality were highly imprecise and not statistically
significant (Table 3).

Pre-pregnancy BMI 18-5-24-9 kg/m?2
Mortality was lowest among those with weight change within recommendations (7-1 per
1000 person-years [6-8—7-3]) and highest among those with weight change above (7-8 [7-4—
8-3]) recommendations (Figure 1; Table 2). Weight change below recommendations was
associated with lower diabetes mortality (HR=0-62 [0-48-0-79]) (Table 2). Weight change
above recommendations was associated with increased all-cause (HR=1-09 [1-01-1-18])
and cardiovascular (HR=1.20 1-04-1.-37]) mortality. Both quintile 1 (HR=1-07 [1.01-1-14])
and quintile 5 (HR=1-09 [1:02-1-16]) were associated with increased all-cause mortality.
Quintile 5 was associated with increased cardiovascular (HR=1-15 [1-01-1-30]) and diabetes
(HR=1.63 [1-13-2-35]) mortality (Figure 2; Table 3; Table S6).

Pre-pregnancy BMI 25.0-29.9 kg/m?2
Mortality was lowest among those with weight change within recommendations (10-0 per
1000 person-years 9-4-10-6]) and highest among those with weight change below (11-1
[10-6-11-7]) recommendations (Figure 1; Table 2). Weight change below recommendations
was associated with increased all-cause (HR=1-08 [0-99-1-18]) and cardiovascular
(HR=1.08 [0-94-1-26]) mortality but with imprecise and not statistically significant
estimates (Table S5). Weight change above recommendations was associated with elevated
all-cause (HR=1-12 [1-01-1-24]) and diabetes (HR=1-77 [1-23-2-54]) mortality, as well
as cardiovascular (HR=1-12 [0-94-1-33]) mortality, but these estimates were imprecise
and not statistically significant. Compared to quintile 3, quintile 1 (HR=1-09 [0-98—
1-22]), which lack precision and statistical significance, and quintile 2 (HR=1-15 [1-02-
1.30]) were associated with elevated all-cause mortality (Figure 2; Table S6); similar
estimates in magnitude were observed for cardiovascular mortality, but they were not
statistically significant (Table 3). Quintile 5 was associated with elevated all-cause (HR=1-18
[1-05-1-32]), cardiovascular (HR=1.-24 [1.01-1.52]), and diabetes (HR=2.24 [1-:41-3.55])
mortality.

Pre-pregnancy BMI =30.0 kg/m?2

All associations between gestational weight change and mortality were imprecise and not
statistically significant (Figure 1-2, Tables 2-3, Tables S5-S6).

Exploratory analyses with other major causes of death

Additional major causes of death were cancer (32:4%; n=5800/17901), respiratory
disease (7-3%; n=1308/17901), dementia (3-5%; n=627/17901), infectious disease (3-5%;
n=628/17901), kidney disease (2-1%; n=379/17901), and liver disease (2:0%; n=355/17901).
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Associations between gestational weight change and these causes of death are shown in
Table S7.

Sensitivity analyses using gestational weight change z-scores

Sensitivity analyses based on gestational weight gain z-scores yielded similar findings,
although estimates with the lowest weight gain were slightly attenuated for those with
pre-pregnancy overweight (Table S8).

Sensitivity analyses for exposure and outcome misclassification

Our analysis (Table S9) indicates that exposure misclassification is likely to have a
negligible and inconsequential impact on the observed associations. Similarly, most
estimates were not altered when considering outcome misclassification, although a

few observed associations were slightly underestimated (Table S10). Under the most
extreme scenarios of potential misclassification, the observed estimates for the above
recommendations may be underreported. In contrast, the estimates below recommendations
were generally similar, except for those with pre-pregnancy underweight, where they may be
underreported.

DISCUSSION

This study provided the first assessment of long-term mortality associations with gestational
weight change based on a diverse cohort of ~46,000 U.S. pregnant people who were
pregnant between 1959 and 1966 and followed for more than 50 years post-pregnancy.

We found that excessive gestational weight gain (i.e., above 2009 NAM recommendations),
was associated with a 9% to 12% increased all-cause mortality risk among individuals
with normal weight or overweight, respectively. The risk was also elevated by 14% among
those with underweight, but estimates were imprecise and lacked statistical significance.
Moreover, excessive gain was associated with an 84% and 20% increased risk of mortality
due to cardiovascular disease among those with pre-pregnancy underweight or normal
weight, respectively, and a 77% increased risk of mortality due to diabetes among those
with overweight. Additionally, weight gain below recommendations was associated with a
lower mortality risk due to diabetes among with normal weight. While existing literature
has demonstrated that healthy gestational weight gain is crucial for optimizing pregnancy
outcomes such as birthweight,? this study demonstrates that for individuals without pre-
pregnancy obesity, gestational weight gain may have a lasting impact on health beyond
pregnancy, increasing mortality risk from cardiometabolic diseases. No prior studies have
examined gestational weight change and its association with mortality. Existing research
focuses on cardiovascular disease and type 2 diabetes post-pregnancy.6:8:9 A 21-year follow-
up study found a 42% increase in type 2 diabetes for those exceeding recommendations,8
but this was not replicated in a study with only 10-17 years of follow-up, which may

have been insufficient for diabetes development.® A 16-year follow-up study revealed

an increased hypertension risk for all BMI classes and cardiovascular disease risk for
underweight/normal-weight individuals with high gestational weight gain.” This current
study demonstrates that high gestational weight change on mortality up to 50 years post-
pregnancy through cardiovascular and diabetes mortality links.
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The findings regarding excessive weight gain during pregnancy support the hypothesis that
gaining too much weight contributes to the accumulation of visceral adiposity. This, in

turn, increases the risk of chronic diseases and subsequent mortality. It is noteworthy that
even if individuals return to their pre-pregnancy weight after childbirth, they still retain
higher levels of visceral fat six years later.2> Despite considering various important factors,
we cannot establish a causal relationship, and excessive gestational weight gain may be a
predictive factor rather than a direct cause of later health problems and mortality. However,
it remains crucial to prioritize primary prevention of excessive weight gain during pregnancy
due to its significant impact on various maternal and offspring outcomes.? It is important

to note that a considerable proportion (20-64%) of pregnant U.S. individuals exceed the
recommended weight gain guidelines.28 Additionally, future studies should investigate
whether interventions targeting weight retention and, specifically, reducing visceral fat after
childbirth can help mitigate long-term risks.

While we hypothesized low weight gain prevents postpartum weight retention and
subsequent obesity-related cardiometabolic mortality, we found low weight gain or loss was
associated with increased mortality in individuals without pre-pregnancy obesity, although
some of the estimates were not statistically significant and all require replication. This
finding aligns with a prior study showing an elevated cardiovascular disease risk 16 years
later for individuals without pre-pregnancy overweight or obesity who lost weight during
pregnancy.” The biological basis for this association, however, remains unclear, necessitating
further research.

Gestational weight change was not associated with long-term mortality among individuals
with obesity before pregnancy. Mortality rates were approximately double in individuals
with obesity compared to normal weight. This high baseline mortality risk does not appear
to be altered by gestational weight gain.

Gestational weight gain recommendations were last updated in 2009, when no evidence was
available concerning long-term mortality.2 Our findings generally suggest that for pregnant
people with pre-pregnancy underweight and normal weight a lower weight gain than
currently recommended may be desirable in the context of long-term mortality. For those
with underweight, generally, no variation in mortality was observed across quintiles 3 and
4, noting that most estimates were imprecise and not statistically significant, corresponding
to a favorable range of 10 to 14 kg. For those with normal weight, the lowest mortality was
generally observed with quintiles 2 to 3, corresponding to a favorable range of 6-8 to 10-9
kg. Alternatively, for those with overweight a lower upper limit may be ideal for long-term
maternal health. The lowest mortality was observed with quintile 3, corresponding to 7-7
to 10:0 kg. Nevertheless, these findings require replication and must be considered in the
context of short-term maternal and offspring health outcomes.

This study comprised pregnant individuals in the 1950°s-1960s. Utilizing a historic cohort
is imperative to study the long-term health implications of risk factors, including gestational
weight change. While participant characteristics in this historic cohort may differ from
contemporary obstetric populations, we utilized current weight gain recommendations and
stratified findings by pre-pregnancy BMI to strengthen relevance to current populations who
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are more likely to be overweight or obese and experience higher than recommended weight
gain in pregnancy.2’ This research underscores the importance of excessive weight gain
prevention. In 2021, the U.S. Preventive Services Task Force found ‘adequate evidence’ that
behavioral interventions lower the likelihood of excessive weight gain and that healthcare
providers should offer pregnant people behavioral counseling to increase healthy weight
gain.?8 There is an urgent need to identify and implement novel interventions to help
pregnant people achieve healthy weight gain.

In addition to the long-term follow-up of over 50 years, this study has unique strengths.
The study’s racial diversity (almost 50% Black) was an important strength. Most research
on pregnancy exposures and long-term outcomes has been limited to primarily White
individuals.2® Additionally, the findings were robust to adjustment for many important
covariates and multiple sensitivity analyses. We utilized covariate adjustment and weight
gain for gestational age z-scores to account for the inherent correlation between gestational
length and weight gain.2! Under reasonable assumptions, quantitative bias analyses
conducted for both exposure and outcome misclassification demonstrated the overall
robustness of our results, and the extent of misclassification bias is expected to be minimal.
Nevertheless, there may also be misclassification in pre-pregnancy BMI, but this is likely
minimal.23 Additional limitations include a lack of follow-up after delivery limiting the
ability to understand the process for developing chronic diseases, and assess how an
individual’s risk may be altered with postpartum interventions. We cannot assess how an
individual’s risk may be altered with postpartum interventions. Note that our findings are
limited to associations observed with the participants’ last study pregnancy. Unfortunately,
we were unable to examine gestational weight changes across all pregnancies. However,
focusing on the participants’ last study pregnancy allowed us to provide insights specific
to that period. Further research is needed to investigate gestational weight changes across
multiple pregnancies. Moreover, some participants may have had additional pregnancies
after the study period, and we could not examine gestational weight change across all
lifetime pregnancies. Lastly, these findings represent underlying causes of death and not
contributing causes. This is an important distinction; underlying causes of death are
mutually exclusive mortality categories that do not represent overall disease prevalence.
More research into contributing causes of death is warranted.

In this first study relating weight change during pregnancy to long-term mortality, the data
suggest that excessive weight gain may put many birthing people at an increased risk for
earlier mortality, particularly due to cardiometabolic diseases. Effective efforts are urgently
needed to help pregnant people achieve healthy weight gain during pregnancy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

ACKNOWLDEGEMENT:

This research was supported by the Intramural Research Program of the Eunice Kennedy Shriver National Institute
of Child Health and Human Development (contract # HHSN2752008000021/27500013).

Lancet. Author manuscript; available in PMC 2024 November 18.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Hinkle et al.

DATA SHAR

Page 11

ING:

Data from the Collaborative Perinatal Project is publicly available at https://
www.archives.gov/research/electronic-records/nih.html (National Archives Identifier:
606622). Researchers interested in the linked mortality data should contact the NICHD
for details on a data-sharing agreement and a confidentiality agreement with the National
Death Index.
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RESEARCH IN CONTEXT
Evidence before this study

Gestational weight gain is associated with adverse pregnancy outcomes, with the greatest
extent of the evidence related to offspring birthweight. However, very little is known
about the implications for the long-term health of the birthing person. There are a

few studies on cardiometabolic health post-pregnancy in relation to gestational weight
change. To understand the current evidence base for the association between gestational
weight change and long-term mortality, we performed a literature review using PubMed
in October 2022 using the search terms “pregnancy weight gain” or “gestational weight
gain” and “mortality” not “infant mortality”. No studies were identified investigating the
association of gestational weight gain with long-term mortality.

The added value of this study

Our study adds critical knowledge to gestational weight gain research by examining

the associations with all-cause mortality and cause-specific mortality over 50 years post-
pregnancy. Based on the current 2009 National Academy of Medicine recommendations,
we found that excessive gestational weight gain was associated with a 9% to 12%
increased all-cause mortality risk among pregnant people with a pre-pregnancy BMI

in the normal or overweight range, respectively. Moreover, we found that excessive
weight gain was associated with an 84% and 20% increased risk of mortality due to
cardiovascular disease among those with a pre-pregnancy BMI in the underweight and
normal range, respectively, and a 77% increased risk of mortality due to diabetes among
those in the overweight range.

Implications of all the available evidence

In this first study relating weight gain during pregnancy to long-term mortality, the data
suggest that excessive weight gain may put many birthing people at an increased risk
for earlier mortality, particularly due to cardiometabolic diseases. Effective efforts are
urgently needed to help pregnant people achieve healthy weight gain during pregnancy.
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Mortality rate per 1000

BMI2b, kg/m?2 person years (95% Cl)
<18-5
Below N 6:9(6-5,7:3)
Within & 59(5-3,66)
Above . - 6:5(52, 82)
18-5-24-9
Bilow 7-3(71,7-5)
Within '_T 7-1(6:8,7-3)
Above . 7-8(7-4,8:3)
25-0-29-9
S m 11-1 (10-6, 11:7)
Within it 10-0 (9-4, 10-6)
—_— _— 10-3 (9-7, 11:0)
2 30-0
Below 14-9 (13-9, 16-0)
— 14-1 (12:8, 15-4)
_— N P 14-0 (12:9, 15-1)
05 1-0 1-5

Adijusted HR (95% CI)
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Adjusted® HR (95% CI)

1-11 (0-97, 1-:26)
1 (Reference)
1-14 (0-86, 1-51)

0-98 (0-93, 1-03)
1 (Reference)
1-09 (1-01, 1-18)

1-08 (0-99, 1:18)
1 (Reference)
1-12 (1-01, 1-24)

1-01 (0-89, 1-15)
1 (Reference)
1-03 (0-90, 1-18)

Figure 1. Total gestational weight change classified according to the 2009 National Academy of

Medicine recommendations and the association with all-cause mortality (n=46,042).

Abbreviations: BMI, body mass index; Cl, confidence interval; HR, hazard ratio; National

Academy of Medicine, NAM.

& Recommendations for total gestational weight gain (2009): Pre-pregnancy BMI <18:5
kg/m? (12:5-18-0 kg); 18-5-24-9 kg/m? (11-5-16-0 kg); 25-0-29-9 kg/m? (7-0-11-5 kg); =
30-0 kg/m? (5-0-9-0 kg). A total of 3809 (9-4%) participants had a pre-pregnancy BMI that
was <185 kg/m2 and among this group, 68-2%, 26-6%, and 5-3% had a gestational weight

change that was considered below, within, or above recommendations, respectively.

¢ Analyses adjusted for the following index pregnancy variables: age, smoking, race/

ethnicity, parity, marital status, income, education, preexisting diabetes, preexisting

cardiovascular conditions, preexisting cancer/tumors, preexisting neurological conditions,
preexisting renal conditions, preexisting respiratory conditions, prior pregnancy loss, site,

study year, pre-pregnancy body mass index, gestational week at delivery.
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230-0
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Quintile 3: 5-4to 8-2kg
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0-5

Mortality rate per 1000
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7-0 (6-2,7-8)
64 (57,71)
6:0 (5-2, 6-8)
6-2 (55, 7-0)

81 (7-8, 8-4)
70 (67, 7-3)
68 (6:6,71)
70 (67, 7-3)
7-4(7-1,7-8)

11-3 (105, 12-1)
11 (10-2, 11-8)
9-8 (91, 10-5)
9-9 (9-2, 10-8)
10-5 (97, 11-3)

14-8 (13-4, 16-3)
15-1 (13-6, 16-7)
14 (12-7, 15-4)

13-9 (12°5, 15-4)
14-2 (127, 15-7)

Adjusted HR (95% Cl)
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Adjustedc HR (95% CI)

1-14 (0-95, 1-37)
1-13 (0-96, 1-34)
1 (Reference)

098 (0-82, 1:18)
1-04 (0-87, 1-24)

1-07 (1-01, 1-14)
098 (0-92, 1-04)
1 (Reference)

1-01 (0-95, 1-08)
1-09 (1-02, 1-16)

-09 (0:98, 1-22)
15 (1-:02, 1-30)
(Reference)

-08 (0-95, 1-22)
18 (1-05, 1-32)

_ A A A

-00 (0-85, 1-18)
-05 (0-89, 1-24)
(Reference)

-03 (0-87, 1-23)
-09 (0-92, 1-29)

R G U U U U §

Figure 2. Total gestational weight change in pre-pregnancy body mass index specific quintiles
and the adjusted association with all-cause mortality stratified by pre-pregnancy body mass

index (n=46,042).

Abbreviations: BMI, body mass index; Cl, confidence interval; IQR, interquartile range;

HR, hazard ratio.

& Quintiles of gestational weight change were defined within each pre-pregnancy BMI
category. Overall, the minimum weight change was —12-7 kg; however, the 51" percentile
was —4-5 kg. The maximum weight change was 34-0 kg; however, the 95t percentile was

18:1 kg.

b Mortality rate estimated obtained from a single imputed dataset.
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¢ Analyses adjusted for the following index pregnancy variables: age, smoking, race/
ethnicity, parity, marital status, income, education, preexisting diabetes, preexisting
cardiovascular conditions, preexisting cancer/tumors, preexisting neurological conditions,
preexisting renal conditions, preexisting respiratory conditions, prior pregnancy loss, site,
study year, pre-pregnancy body mass index, gestational week at delivery.
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TABLE 1.

Demographic and pregnancy characteristics of study participants and gestational weight change across
characteristics by pre-pregnancy BMI status, n=46042.

Pre-pregnancy BMI Status, kg/m?2

<185 185-24.9 | 250-299 =300

Index Pregnancy Characteristics® Gestational Weight Change, Mean (SD)
Overall 104 (40) | 97 (4-5) 87 (5-8) 65 (7-2)
Age, years
<20 105 (4-1) | 100(@48) | 94(6-3) 8.0 (8:4)
20-24 10-4 (4-0) | 98 (4-4) 8.9 (5.8) 6:9 (7-1)
25-29 10-3 (41) | 96 (4-9) 87 (5-6) 6-3 (7-1)
30-34 103 (37) | 94 (46) 8.7 (55) 64 (7-2)
>35 97 (4) 9:2 (4-5) 7.9 (5-8) 5.6 (7-1)

Race/ethnicity

White 106 (3:9) | 98 (4-3) 8-8 (5:5) 5.7 (7-1)
Black 101 (4.0) | 97 (47) 8.7 (6:0) 7.0 (7-3)
Puerto Rican 10-8 (4-4) | 91 (4-8) 82 (5:5) 5.8 (7-1)
Other 10-3 (4-1) | 9.9 (4-6) 9.4 (6-3) 6:2 (7'5)
Parity
0 10-6 (4-0) | 9.9 (4-6) 9.3 (6:1) 6:5 (7-7)
1 101 (39) | 96 (4-9) 88 (5:9) 65 (7-1)
2 10-3 (4-0) | 96 (4-4) 8.7 (56) 6:3 (7-4)
3 10-2 (41) | 96 (4-9) 85 (5-8) 6:0 (6:6)
>4 103 (4-1) | 98(4-7) 85 (57) 6:6 (7-3)

Marital Status

Single 10-0 (4-2) | 9:7 (4-8) 92 (6:2) 79(7:6)
Married/common law 104 (4-0) | 97 (4-4) 86 (5-7) 6-3(7-1)
Other 115 (41) | 101 (51) 9:0 (6:1) 64 (7:5)

Smokingb, cigarettes per day

Non-smoking 106 (4-1) | 98 (45) 89 (58) 67 (7.0)
1-4 104 (4-1) | 10 (46) 9.0 (6:0) 72(77)
59 1044 (4-1) | 9.9 (46) 9.0 (6:0) 64(77)
10-19 10-1 (4:0) | 95 (49 85 (54) 5.8 (7-1)
220 102 (38) | 94 (45) 80 (55) 51(77)

Income, annual USD

<1999 106 (4-2) | 98 (4-8) 89 (6:0) 7.0 (76)
2000-3999 103 (41) | 97 (46) 88 (59) 66 (7-2)
4000-5999 106 (39) | 98 (43) 84 (55) 61(71)
60007999 10-2(36) | 96 (4-3) 91 (57) 6:0(72)
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Index Pregnancy Characteristics®

Pre-pregnancy BMI Status, kg/m?2

<185 18:5-24.9

25.0-29-9

=300

Gestational Weight Change, Mean (SD)

80009999 9938) | 951 7.9 (5-2) 4.9 (6-2)

>10000 10-0 (3-8) | 9:8(4-3) 8.0 (55) 5.6 (7-0)
Education

<High School 105 (4-3) | 97 (4:9) 80 (5-7) 6-3(7-2)

Some high school 10-7 (4-0) | 9:9 (4-6) 9-1 (6) 6-7 (7-4)

High School Graduate 102 (3:9) | 98 (4:4) 88 (57) 6:3(7:1)

Some College 9935) | 9340 88 (5-3) 62 (67)
Prior Pregnancy Loss

No 10-3 (39) | 96 (4-9) 86 (5-7) 6-3 (7-1)

Yes 105 (4-1) | 98 (4-6) 8.8 (5.9) 6:6 (7-4)
Preexisting diabetes®

No 10-4 (4-0) | 97 45) 8.7 (58) 64 (7-2)

Yes 93(30) | 82(45) 7.8 (52) 7.3 (7-6)
Preexisting cardiovascular conditions?

No 10-4 (4-0) | 97 (45) 8.7 (57) 65 (7-2)

Yes 10-1 (40) | 97 (47) 87(6-2) 6:3(7-3)
Preexisting respiratory conditions€

No 10-4 (4.0) | 97 45) 8.7 (58) 64 (7-2)

Yes 100 (4-1) | 94 (47) 85 (5-4) 67 (7-2)
Preexisting renal conditions

No 10-4 (4-0) | 97 (45) 87 (58) 65 (7-2)

Yes’ 104 (41) | 97 (46) 87 (5:8) 5.9 (73)
Preexisting neurological conditionsd

No 10-3 (4-0) | 97 (4:5) 8.8 (5:8) 6:6 (7-2)

Yes 107 (43) | 98(47) 83 (5:7) 5.6 (7-3)
Preexisting cancer/tumors

No 10-4 (4.0) | 97 (4-5) 87 (5-8) 65 (7-3)

Yes/! 10-6 (40) | 95 (4-9) 8-3 (5:6) 5.6 (7-0)

Abbreviations: BMI, body mass index; USD, United States dollars.

Page 18

aMissing data: total weight change n=6284; age, n=2; pre-pregnancy BMI, n=5353; parity n=1645; marital status, n=5; smoking, n=1612; income,
n=4773; education, n=2415; prior pregnancy loss, n=1380; Preexisting diabetes, n=661; Preexisting cardiovascular conditions, n=717; Preexisting
respiratory conditions, n=717; Preexisting renal conditions, n=717; Preexisting neurological conditions, n=717; Preexisting cancer/tumors, n=717.

b . . . .
Categories determined according to quartiles among smokers.

CType unknown.

Cardiovascular conditions included hypertension, rheumatic fever, and any other cardiovascular diseases.

e . . . . . . . .
Respiratory conditions included tuberculosis, asthma, other chronic pulmonary diseases, and other conditions requiring thoracic surgery.
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fRenaI conditions included pyelitis, glomerulonephritis and other conditions requiring kidney, urinary, or bladder surgery.

gNeuroIogicaI conditions included neuromuscular diseases, convulsive disorders, psychosis, alcohol or drug addiction, or other neurological
diseases.

Cancer and tumors included any history of cancer, and gastrointestinal, kidney, urinary, bladder, or gynecological tumors.
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Total gestational weight change classified according to the 2009 National Academy of Medicine
recommendations and the association with cardiovascular and diabetes mortality (n=46,042).

Table 2.

Weight Change by 2009 NAM Recommendation

Below Within Above

Pre-pregnancy BMI Status

Cardiovascular Disease Mortality

< 185 kg/m?

Mortality rate per 1000 person years (95% Cl)b

1.8 (16, 2.0) 12 (10,15) | 1.9(12,2:9)

Unadjusted HR (95% CI)

134 (1.00, 1.79) | 1 (Reference) | 1.73 (1.01, 2:97)

Adjusted HR (95% CI)€

118 (0-89, 1.58) | 1 (Reference) | 1.84 (1.08, 3.12)

185 - 24.9 kg/m?

Mortality rate per 1000 person years (95% Cl)l7

20(1.9,2.1) 21(19,22) | 2:5(22,28)

Unadjusted HR (95% CI)

101 (092, 1-11) | 1 (Reference) | 1.22 (1.06, 1-41)

Adjusted HR (95% CI)¢

093 (0-84, 1.02) | 1 (Reference) | 1.0 (1.04, 1.37)

25.0 - 29-9 kg/m?

Mortality rate per 1000 person years (95% Cl)b

38(35,42) 34(31,37) | 34(31,38)

Unadjusted HR (95% CI)

1.16 (1:01, 1-34) | 1 (Reference) | 1.03 (0-88, 1-22)

Adjusted HR (95% CI)¢

1.08 (0-94, 1.26) | 1 (Reference) [ 1.12 (0.94, 1.33)

> 300 kg/m?

Mortality rate per 1000 person years (95% Cl)b

59 (52,65) 52 (44,60) | 52(46,60)

Unadjusted HR (95% CI)

123 (0-99, 152) | 1 (Reference) | 1.05 (0-85, 1:30)

Adjusted HR (95% CI)€

112 (0-90, 1-40) | 1 (Reference) | 1.0g (0.86, 1.34)

Pre-pregnancy BMI Status

Diabetes Mortality

< 185 kg/m?

Mortality rate per 1000 person years (95% Cl)b

02 (0-1,02) 03(02,04) | 02(00,07)

Unadjusted HR (95% CI)

0-87 (0-36, 2:08) | 1 (Reference) | 0-73 (0-10, 5-12)

Adjusted HR (95% CI)¢

068 (0-25, 1.89) | 1 (Reference) | 0.90 (0.13, 6:35)

185 - 24.9 kg/m?

Mortality rate per 1000 person years (95% Cl)b

03(0-2,03) 03(0-3,04) | 04(0-3,05)

Unadjusted HR (95% CI)

074 (0-58,0:93) | 1 (Reference) | 0-99 (0-63, 1.56)

Adjusted HR (95% CI)¢

0-62 (0-48, 0.79) | 1 (Reference) | 0.95 (0.61, 1.47)

25.0 - 29-9 kg/m?

Mortality rate per 1000 person years (95% Cl)b

06 (0-5,07) 05(0-4,06) | 09(0-7,11)

Unadjusted HR (95% CI)

107 (072, 1.59) | 1 (Reference) | 1-69 (1-19, 2-40)

Adjusted HR (95% CI)¢

0.97 (064, 1.48) | 1 (Reference) [ .77 (1.03 2.54)

> 30.0 kg/m?

Mortality rate per 1000 person years (95% Cl)b

14(11,17) 15(11,20) | 14(11,18)
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Weight Change by 2009 NAM Recommendation
Below Within Above
Unadjusted HR (95% CI) 0-86 (0-59, 1-25) | 1 (Reference) | 0-86 (0-58, 1-27)
Adjusted HR (95% CI)€ 076 (0-51, 1.13) | 1 (Reference) | 0.83 (055, 1.27)

Abbreviations: BMI, body mass index; CI, confidence interval; HR, hazard ratio; National Academy of Medicine, NAM.

aRecommendations for total gestational weight gain (2009): Pre-pregnancy BMI <185 kg/m2 (12.5-18-0 kg); 18-5-24-9 kg/m2 (11-5-16-0 kg);
25.0-29-9 kg/m? (7.0-115 kg); = 300 kg/m? (5.0-9:0 kg).

bMortaIity rate estimated obtained from a single imputed dataset.

DAnaIyses adjusted for the following index pregnancy variables: age, smoking, race/ethnicity, parity, marital status, income, education, preexisting

diabetes, preexisting cardiovascular conditions, preexisting cancer/tumors, preexisting neurological conditions, preexisting renal conditions,
preexisting respiratory conditions, prior pregnancy loss, site, study year, pre-pregnancy body mass index, gestational week at delivery.
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