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Overview of the thesis papers

Women with prior gestational diabetes mellitus (GDM) face a significantly higher risk of
developing type 2 diabetes mellitus (T2DM) compared to those without GDM within 10 years
following pregnancy. Identifying women at the highest risk of developing cardiometabolic disease,
including T2DM and hyperlipidemia is critical to developing targeted prevention strategies and

disrupting the cycle of chronic disease.

In first paper, I determined the association between Social Determinants of Health (SDoH),
through the Social Vulnerability Index (SVI), and Postpartum Weight Retention (PPWR) among
women with recent GDM. This study then examines how individual domains of SVI (e.g.,
socioeconomic status, racial/ethnic minority status, housing, and transportation) influence
postpartum weight retention. The findings highlight the structural barriers these women face,

emphasizing the need for tailored interventions to mitigate long-term metabolic risks.

In second paper, I aim to identify factors at 6 weeks postpartum that may predict LDL-C levels at
12 months postpartum. An oral glucose tolerance test (OGTT) is already recommended for women
with a history of GDM as part of the routine 6-week postpartum visit. This study highlights a key
window of opportunity for early postpartum lipid screening to identify those at risk of elevated

LDL-C at 12 months and further develop timely intervention.

Through both projects, I focus on a vulnerable population, women with recent GDM who face
disproportionate risks for future cardiometabolic diseases. My work aims to generate hypotheses
for future research and intervention strategies, ultimately contributing to the prevention of long-

term metabolic and cardiovascular complications in this high-risk group.
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Abstract

Background and Objective:

In women with a history of gestational diabetes mellitus (GDM), postpartum weight retention
(PPWR) increases the risk of type 2 diabetes mellitus (T2DM). The association between social
determinants of health (SDoH) and PPWR in women with recent GDM remains unclear. We
examined the relationship between the Social Vulnerability Index (SVI), a composite measure of
community-level disadvantage, and PPWR among women with recent GDM. Additionally, we
explored the association between individual components of SVI and PPWR to assess the relative

contributions of specific domains of social vulnerability.



Methods:

This secondary analysis of the Balance After Baby Intervention (BABI) trial (2016-2019) used
county-level SVI scores from the CDC’s 2020 database, categorized into tertiles (low, moderate,
high vulnerability). PPWR at 12 months postpartum was calculated as the difference between pre-
pregnancy and postpartum weight. Multivariable linear regression models evaluated the

association between SVI tertiles and PPWR, adjusting for key confounders.

Results:

Among 142 participants, women in the second tertile (moderate SVI) had significantly higher
PPWR at 12 months postpartum than those in the lowest tertile (adjusted mean difference: 6.71
Ibs, 95% CI: 2.07-11.35, p = 0.007), while PPWR was not significantly different for the third
tertile. The socioeconomic and racial/ethnic minority status domains of SVI were positively

associated with PPWR, while the housing and transportation domain was negatively associated.

Conclusions:

Moderate social vulnerability is associated with increased PPWR in women with prior GDM.
These findings highlight the need for targeted interventions in moderately vulnerable populations

to reduce PPWR, thereby mitigating risk of T2DM.

Keywords: postpartum weight retention, gestational diabetes mellitus, social vulnerability index,

social determinants of health.



Introduction

Postpartum weight retention is a major problem particularly in women with prior gestational
diabetes mellitus (GDM). Studies indicate that 20% to 50% of women with GDM progress to type
2 diabetes mellitus (T2DM) within ten years, and those retaining weight postpartum experience an
accelerated progression by approximately 27% for every 5 kg of weight retained.'> GDM is
characterized by diabetes first diagnosed during pregnancy, typically in the second or third
trimester, in individuals without pre-existing diabetes.* In the United States, GDM is observed in
5% to 9% of pregnancies®®. On average women with GDM retain 4.0 + 7.4 kg weight at 12 months
postpartum ’. While observational studies suggest that PPWR does not differ significantly between
women with and without GDM, both groups retain an average of 7—8 lbs. when measured at an
average of 1.4 years postpartum (range: 0.4 to 5 years)®. However, given the increased risk of
T2DM associated with the combination of prior GDM and high PPWR, weight loss is critical.
Despite clinical recommendations emphasizing postpartum weight reduction for women with prior

GDM, their weight loss success is similar to that of women without GDM 810

Postpartum weight retention (PPWR) is influenced not only by individual factors such as pre-
pregnancy obesity, physical activity levels, dietary intake, and gestational weight gain'! but also
by social determinants of health (SDoH)'?, including socioeconomic status, racial disparities, and
physical environment '13-16, The World Health Organization (WHO) defines SDoH as the non-
medical factors influencing health outcomes, encompassing the conditions in which people are
born, grow, live, work, and age, shaped by systemic forces !”. SDoH contribute to about 50% of

health outcomes, meaning, they are more critical than healthcare or lifestyle choices in influencing



health 3. Despite growing recognition of SDoH’s impact on overall health outcomes ?, including
maternal health 2%, studies often analyze these factors in isolation, limiting their ability to capture

broader structural influences on health disparities.

Standardized quantification of SDoH is essential to address structural health inequities'>?!. Among
the existing indices for assessing SDoH at the community level, the Social Vulnerability Index
(SVI) 22, developed by the Centers for Disease Control and Prevention (CDC), is a holistic,
standardized, and scalable tool. The SVI is a validated, publicly available measure that integrates
16 community-level characteristics across four domains: socioeconomic status, household
composition, racial and ethnic minority status, and housing and transportation 3. There is
increasing adoption of the SVI across various health disciplines and outcomes, including maternal
health during pregnancy and postpartum, as it provides a systematic framework for assessing
community-level vulnerability 2*2%, However, despite the growing recognition of the SVI in
maternal health, no studies have specifically explored the association between community-level

social vulnerability and PPWR among women with recent GDM.

Given the heightened risk of developing T2DM associated with PPWR among women with a
history of GDM, we investigate the association between the SVI and PPWR among women with
recent GDM. We hypothesized that greater social vulnerability is associated with higher weight

retention.



Material and Methods

Study Design

This study was a secondary analysis of data from the “Balance After Baby” program was a web-
based lifestyle intervention adapted from the Diabetes Prevention Program, designed for
postpartum women with recent GDM. It included 12 weeks of core modules with weekly goals,
weight and step tracking, and coaching sessions that tapered over the first year. Participants
received digital scales and Fitbits, accessed optional resources like recipes and exercise guides.
The program promoted a diet with low glycemic index foods, higher fiber, and healthy fats, along
with a physical activity goal of at least 150 minutes per week. Individualized calorie targets were
provided, with adjustments made for breastfeeding women. The BABI trial (ClinicalTrials.gov
identifier: NCT02744300) was conducted from July 2016 to July 2019 at an academic medical
center (AMC) in the Northeast and an AMC and a safety-net hospital affiliated with the AMC in
the Western USA. For this secondary analysis, data collected during the baseline visit at 4-12
weeks postpartum, and 12 months postpartum were utilized. Data from the intervention and control
groups were combined for this secondary analysis, as postpartum weight retention did not

significantly differ between the groups in the BABI trial.

Study Population

Participants were included in the BABI trial if they were diagnosed with GDM in their most recent
pregnancy as defined by Carpenter—Coustan criteria using a 100-g oral glucose tolerance test
(OGTT)?, a 50-g glucose loading test (GLT) result >11.1 mmol/L (>200 mg/dL), or a diagnosis

of GDM documented in the medical record by a clinician.
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Additional inclusion criteria required a pre-pregnancy body mass index (BMI) between 18 and 50
kg/m? and a postpartum BMI >24 kg/m? (>22 kg/m? for Asian women) at 6 weeks PP. Participants
were excluded if they had a diagnosis of diabetes, a history of bariatric surgery, medical conditions

affecting glucose tolerance, or if they were taking medications known to alter glucose metabolism.

Social Vulnerability Index (SVI) Data Collection

Patient addresses were manually extracted from electronic health records (EHRs) by reviewing the
most recent mailing addresses used for sending patient reports and gift cards. These addresses were
then mapped using the CDC’s SVI Interactive Map. County-level SVI scores were obtained from
the CDC’s publicly available 2020 SVI database *°, as this was the most recent validated dataset
available at the time of exposure variable assignment (December 2023-January 2024). Composite
SVI scores range from 0 (low vulnerability) to 1 (high vulnerability) 3!. For the analysis, SVI
scores were divided into tertiles tailored to the dataset to maintain sufficient sample sizes and

statistical power while classifying participants into low, moderate, and high vulnerability groups.

Anthropometric Data Collection

Anthropometric measurements were conducted at 4 to 12 weeks postpartum. Height was measured
to the nearest millimeter using calibrated equipment, including a Seca 222 Mechanical Telescope
Measuring Rod, a Health o Meter PORTROD Universal Wall-Mounted Height Rod, or a Cardinal
Detecto Scale, depending on the study site. Weight measurements at 4-12 weeks and 12 months
postpartum were obtained using digital scales (Tanita WB-300, Seca Digital, or Cardinal Detecto),
with participants wearing light clothing and no shoes. If two weight measurements differed by

more than 0.3 Ibs, a third measurement was taken, and the average of the two closest measurements
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was used. For participants who did not attend the 12-month follow-up visit, weight data were
extracted from clinically measured weights documented in medical records, if available. Pre-
pregnancy weight was self-reported by participants, obtained at the time of enrollment into the

study.

Clinical Data Collection

Breastfeeding status was assessed through a modified version of the Pregnancy Risk Assessment
Monitoring System (PRAMS) Phase 6 Core Questionnaire. Participants were asked about the
duration of breastfeeding, and responses were categorized as “currently breastfeeding” or “not
breastfeeding,” the latter group including those who had never breastfed or had ceased
breastfeeding at 6 weeks PP. Dietary KCAL intake at 6 weeks postpartum was assessed using the
2005 Block Food Frequency Questionnaire (FFQ), a validated tool for measuring food
consumption over a specified period. BABI participants reported their dietary intake from the
preceding six weeks. Originally developed by the National Cancer Institute and later updated, the
Block FFQ includes a structured list of food items with corresponding frequency response options.
Its validity has been established in both male and female populations 323, Additional clinical data
included gestational weight gain and PPWR. Gestational weight gain was determined by
comparing the self-reported pre-pregnancy weight with the weight documented at delivery.
Delivery weight was obtained from the anesthesia record within two days prior to delivery or the
most recent prenatal weight recorded within ten days before delivery. Postpartum weight retention
(PPWR) at 12 months postpartum was calculated as the difference between the self-reported pre-
pregnancy weight and weight measured during the study visit for 121 participants, documented in

medical records from a clinic visit for 20 participants, or self-reported for 1 participant.
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Outcome Variables

The primary outcome of this analysis was weight retention (PPWR) measured at 12 months PP
Secondary outcomes included the association of individual SVI components with PPWR at 12
months PP. PPWR was measured in pounds to maintain consistency with the original BABI trial

dataset where scale measures were in pounds.

Participants Assessment

187 women attended the baseline visit, and 181 participants were randomized. Self-reported pre-
pregnancy weight was collected at the time of enrollment. Of these participants, 16 were ineligible
for further analysis between randomization and 12-month visit due to reasons such as subsequent
pregnancies, diagnosis of T2DM, or medication use affecting eligibility. Among the 165
participants who remained eligible for the 12-month follow-up, weight data were available for 144
individuals. Two participants had missing address information required for obtaining SVI data so
could not be included in this analysis. 142 participants were eligible for this analysis, as outlined
in the CONSORT diagram (Figurel). Demographic and clinical variables, including race,
ethnicity, pre-pregnancy weight, household income, and previous GDM diagnoses, were self-
reported. Race and ethnicity were categorized based on the definitions established by the National

Institutes of Health (NIH).

Statistical Analysis

Statistical analyses were conducted using Stata IC version 18.0. Descriptive statistics were used to

summarize continuous variables as means with standard deviations or medians with interquartile
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ranges, depending on data distribution. Categorical variables were summarized as frequencies and

percentages.

Bivariate analyses were conducted to compare SVI tertiles across study variables. For continuous
variables, one-way ANOVA (Analysis of Variance) tests were applied. For categorical variables,
Chi-square tests were used to assess group differences. If expected cell counts were low, Fisher’s

exact test was used as an alternative. P-values <0.05 were considered statistically significant.

Multivariate linear regression models were employed to evaluate the relationship between SVI
tertiles and PPWR, adjusting for potential confounders such as age, dietary KCAL intake at 6
weeks, pre-pregnancy BMI, gestational weight gain, and breastfeeding status at 6 weeks. All
continuous covariates were included in the model as both a linear and quadratic term, expect for
gestational weight gain. Additionally, the model was adjusted for the intervention status to account
for the randomization group. To account for potential within-county correlations, standard errors
were cluster-adjusted at the county level. To explore potential effect modification by enrollment
site, interaction terms between site and intervention status were included in the adjusted regression
models. Adjustment for multiple comparisons has not been made. Model diagnostics included
residual plot assessments for normality and homoscedasticity, with normality specifically checked
using quantile-quantile (Q-Q) plots and Shapiro-Wilk tests. Model fit was evaluated using adjusted

R? values.

Results
A total of 142 participants were included in the analysis. The distribution across SVI tertiles was
as follows: 56 (39.4%) in the 1st (low SVI, <0.2734), 39 (27.5%) in the 2nd (moderate SVI,

>0.2734 to <0.5946), and 47 (33.1%) in the 3rd tertile (high SVI, >0.5946).
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Baseline characteristics stratified by SVI tertiles are presented in Table 1. Participants in the
highest SVI tertile tended to be younger (mean + SD: 31 + 6 years) compared to those in the lowest
tertile (34 + 6 years), though this difference was not statistically significant (p = 0.09). Pre-
pregnancy BMI significantly differed across tertiles (p = 0.03), with participants in the highest
tertile having a higher BMI (median [IQR]: 30.64 [26.23-35.51] kg/m?) compared to those in the
lowest tertile (26.28 [24.17-31.19] kg/m?). Markers of socioeconomic disadvantage were
significantly more prevalent in the highest SVI tertile. Educational attainment was lower (p <
0.001), with 70% of participants in the highest tertile having below college-level education,
compared to only 9% in the lowest tertile. Income was also significantly associated with SVI (p =
0.002), with a higher proportion of participants in the highest SVI tertile reporting an annual
household income of <$35,000 (29%) compared to those in the lowest tertile (5%). The racial and
ethnic composition of participants did not differ significantly across SVI tertiles, as detailed in
Table 1 (p=0.65). Non-White participants were more prevalent in higher vulnerability tertiles,
while White participants showed a more balanced distribution across all tertiles. Breastfeeding
status at 6 weeks postpartum significantly varied across tertiles (p = 0.003), with 64% of

participants in the highest SVI tertile still breastfeeding, compared to 87% in the lowest tertile.

PPWR at 12 months postpartum significantly differed across SVI tertiles (p = 0.0094). Figure 2
displays the distribution of PPWR at 12 months postpartum across SVI tertiles using boxplots.
Median PPWR was highest in the 2nd tertile (12.10 1bs, IQR: 2.50-22.00) compared to the 1st
(1.80 Ibs, IQR: -4.95-6.70) and 3rd tertiles (7.40 lbs, IQR: -2.70-20.80). In unadjusted linear
regression analyses, participants in the 2nd tertile (moderate SVI) exhibited significantly greater
PPWR (mean difference: 9.70 lb., 95% CI: 3.40 to 16.01, p = 0.003) compared to the st tertile

(low SVI, reference group). This association remained statistically significant after adjustment for
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age, gestational weight gain, pre-pregnancy BMI, dietary KCAL intake at 6 weeks, lactation status
at 6 weeks, and intervention status (adjusted mean difference: 6.71 Ib., 95% CI: 2.07 to 11.35,p =
0.007). The association between high SVI (3rd tertile) and PPWR was not statistically significant
in either unadjusted (p = 0.06) or adjusted models (p = 0.07). Participants were enrolled from three
sites: Brigham and Women’s Hospital (n = 87, 61%), Denver Health (n = 14, 10%), and the
University of Colorado Medical Center (n = 41, 29%). To explore the possibility of effect
modification by site, we included interaction terms between enrollment site and intervention status
in the adjusted regression model. These interaction terms were not statistically significant (all p >

0.46).

Adjusted multivariable linear regression models assessing domain-specific associations between
SVI components and PPWR are summarized in Table 3. Participants in the second tertile of
socioeconomic vulnerability experienced significantly greater PPWR, retaining an additional 7.54
Ib. (95% CI: 3.29 to 11.79, p = 0.002) at 12 months postpartum. Similarly, racial/ethnic minority
status in the moderate vulnerability category (2nd tertile) was associated with higher PPWR (7.46
Ib., 95% CI: 3.55 to 11.37, p = 0.001). In contrast, moderate vulnerability in the housing and

transportation domain was linked to lower PPWR (-7.53 1b., 95% CI: -13.77 to -1.29, p = 0.02).

Discussion

Our findings indicate that in women with recent GDM, those in the second tertile (moderate SVI)
had significantly higher PPWR at 12 months postpartum compared to those in the lowest tertile
(low SVI). Significant associations were observed between 2™ tertile of specific SVI domains and
PPWR at 12 months — higher weight retention was observed in moderate socioeconomic status

(SES) and moderate racial and ethnic minority status domains, while lower weight retention was
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found in the housing and transportation domain. However, no significant association was found
between the highest SVI tertile (high vulnerability) and PPWR, but the coefficient in the third

tertile remained positive and closely aligned with that of the second tertile (moderate SVI).

Prior research has focused on individual components of social determinants of health (SDoH) and
PPWR in the general postpartum population. However, no studies have specifically investigated
this association among women with a history of prior GDM. To the best of our knowledge, this is
the first study to explicitly examine the association between community-level social vulnerability
using a widely accepted and validated tool, SVI and postpartum weight retention in women with
prior GDM, a high-risk population for developing T2DM. A prospective cohort study by Siega-
Riz et al.(2010) followed 1,238 women from pregnancy into the postpartum period and found that
lower SES, particularly lower education and unemployment, was significantly associated with
higher PPWR. At 12 months postpartum, women with <12 years of education had a 2.2-fold higher
risk of significant PPWR compared to those with higher education (RR: 2.2, 95% CI: 1.5-3.0).
Similarly, unemployed women had a 1.6-fold higher risk of retaining >10 Ibs compared to
employed women (RR: 1.6, 95% CI: 1.2-2.3). '* Findings from cross-sectional studies further
support the role of SES in PPWR. A study of 400 PP women following normal pregnancy found
that higher education and SES were indirectly associated with lower PPWR (B = -0.005, p < 0.05;
B =-0.11, p = 0.03, respectively).!? Similarly, Shrewsbury et al.(2009), in a sample of 2,745
postpartum women who had full-term live births, reported that lower and medium SES women
retained significantly more weight (median: 3.2 kg) compared to those in the higher SES group
(median: 1.8 kg; p = 0.008).!¢ Our study also found that overall moderate vulnerability (2nd tertile
of SVI) was significantly associated with 6.71 Ibs of PPWR at 12 months postpartum. In our study,

within the socioeconomic domain, women in the second tertile (moderate vulnerability) retained
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an additional 7.5 lbs at 12 months postpartum compared to those in the lowest tertile (least
vulnerable), reinforcing the notion that moderate social vulnerability may contribute to higher

PPWR.

Siega-Riz et al. (2010) identified race (Non-Hispanic Black relative to Non-Hispanic White) as a
significant predictor of PPWR at 12 months in the general population.'* In a longitudinal study of
176 pregnant women with a mix of low- and high-risk pregnancies (49% had multiple prenatal
risk factors, including GDM), Avorgbedor et al. (2022) reported that Black women experienced
greater socioeconomic disadvantage, which indirectly contributed to higher PPWR (B = 0.32, p =
0.002).3* Conversely, a secondary analysis of 417 predominantly healthy pregnant women,
including those with GDM (n=18, 4.2%) and without GDM, from a randomized controlled trial
(RCT) by Gould Rothberg et al.(2011) found that Black women were more likely to lose weight
postpartum than their White counterparts.>> Our findings further support racial and ethnic
disparities in PPWR, as women with prior GDM in the second tertile of the Racial and Ethnic
Minority Score group retained 7.4 1bs more at 12 months postpartum compared to those in the

lowest tertile.

Household socioeconomic disadvantage has been linked to PPWR, in the general PP population
with Avorgbedor et al. (2022) reporting a significant association (f = 0.64, p = 0.039).>* However,
our study found no such relationship between the household characteristics domain of the Social

Vulnerability Index and PPWR.

In our study, of surprise, women in the second tertile of the Housing and Transportation domain
exhibited significantly lower PPWR at 12 months (—=7.53 1bs). A possible explanation is increased

physical activity due to transportation limitations, as reduced access to private vehicles may
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encourage more walking. Oken et al. (2007) found that walking at least 30 minutes daily
significantly reduces PPWR.*¢ Our findings suggest that environmental factors influencing

mobility may play a role in postpartum weight outcomes.

Despite previous literature linking higher SVI to adverse maternal outcomes—such as an increased
risk of preterm birth among women with and without a history of diabetes during pregnancy,
encompassing both pregestational and gestational diabetes 2°, greater maternal comorbidities in
pregnant individuals with pregestational diabetes 2°, and limited postpartum care access among
women, regardless of prior diabetes in pregnancy !*—none of these studies specifically examined
postpartum weight retention (PPWR) as an outcome. McCarley et al. (2024) analyzed 13,757
patients delivering a liveborn > 22 weeks’ and found no significant association between residence
in moderate- or high-SVI areas and neonatal intensive care unit (NICU) admission. However, their
findings indicated that living in areas with moderate SVI (2nd tertile) was associated with
increased neonatal morbidity (aOR 1.18, 95% CI: 1.001-1.38), while the highest SVI tertile was
not significantly associated.’” These findings suggest that the impact of social vulnerability on
health outcomes, including maternal health, may vary depending on the specific health metric
being examined. Similarly, our study did not identify a significant association between the highest
SVI tertile and postpartum weight retention (PPWR) among women with prior GDM. However,
we observed a significant relationship in moderate SVI levels, highlighting that social vulnerability

may influence PPWR differently across the spectrum of SVI in this high-risk population.

While the exact mechanism behind the consistent significant association in the second tertile
remains unclear, one plausible explanation for the non-significant association between highest

tertile SVI and PPWR is the presence of adaptive coping mechanisms and structured community
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support programs such as the Special Supplemental Nutrition Program for Women, Infants, and
Children (WIC) and the Supplemental Nutrition Assistance Program (SNAP), in highly vulnerable
communities. Additionally, it is possible that the lack of statistical significance in the highest SVI
tertile was due to limited sample size (N=142), reducing statistical power to detect associations.
Conversely, women in the second tertile (moderate SVI) may represent a transitional group
experiencing structural disadvantages without sufficient access to social support programs,

resulting in higher unmet need, compared to both low and high-SVI groups.

This study has several strengths, including the use of the SVI, developed by CDC, as a validated
measure to assess structural health inequities and the employment of robust statistical adjustments
for key confounders. We opted not to use the CDC’s established SVI categories because
nationwide cutoffs may not accurately reflect our dataset. Additionally, the distribution of CDC’s
SVI categories within our sample was not proportionally balanced, potentially limiting statistical
power and obscuring meaningful trends. Instead, categorizing SVI scores into tertiles, tailored to
our dataset, enhances comparability across exposure levels and ensures balanced group sizes,
facilitating clearer trend identification while maintaining sufficient sample size and statistical
power. We used tertiles for our exposure definition to leverage the distribution of SVI in our
population. Furthermore, the inclusion of quadratic terms and cluster adjustments strengthens the

analytical approach, improving the model’s accuracy in capturing non-linear associations.

The cross-sectional design restricts the ability to establish causality between SVI and PPWR. The
SVI, though widely used to assess community-level vulnerabilities, was originally developed for
disaster preparedness, and may not fully capture the complex social determinants relevant to

clinical settings or postpartum populations. Its indicators are often correlated*!, limiting clarity on
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which factors drive health outcomes. However, it has been frequently used in literature to reflect
SDoH including postpartum maternal health.*> We used county-level SVI to improve
comparability across two states. However, this may limit detection of localized associations, as it
lacks the granularity of census tract-level data and may mask within-county variability.
Additionally, the generalizability of the findings is limited, as the study was conducted at specific
sites that may not fully represent broader populations. No significant site-by-intervention
interactions were found. However, we acknowledge that the study was not sufficiently powered to
detect site-specific interaction effects due to limited subgroup sizes. The reliance on self-reported
pre-pregnancy weight introduces potential recall bias, which could affect PPWR estimates;
however, previous research supports the validity of self-reported weight measurements.$3°,
Despite adjusting for key confounders, residual confounding may still be present. there were no
objective measures of long-term physical activity or dietary adherence. The observed protective
effect in the housing and transportation domain suggests that physical activity may play a role;
however, without validated questionnaires or objective data, this remains speculative.
Furthermore, the lack of a significant association between highest tertile social vulnerability and
PPWR may be influenced by unmeasured protective factors, such as increased access to
community-based nutrition assistance programs (e.g., WIC, SNAP), which could help mitigate the
adverse effects of social vulnerability on postpartum weight outcomes. Lastly, although exclusions
were based solely on missing data for key variables, Hispanic participants were disproportionately
represented among the excluded group, which may reflect differences in follow-up or data

completeness and could limit the generalizability of our findings to this population.

Women with GDM face a heightened risk of long-term obesity and cardiometabolic diseases,

making PPWR a critical determinant of future health. While lifestyle interventions have been
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widely promoted, their effectiveness in reducing PPWR remains inconsistent.!! This raises the
important question of whether existing support programs such as WIC and SNAP are effectively
reaching all populations in need, particularly those in moderate social vulnerability groups, who
may not receive adequate resources despite facing significant barriers. Addressing these disparities
through targeted, evidence-based interventions is essential to breaking the cycle of chronic disease

and improving long-term maternal and child health.

Given that moderate social vulnerability was associated with the higher PPWR, future research
should prioritize tailored interventions for women in moderate-SVI communities, who often face
compounded barriers to postpartum weight management while lacking adequate support systems.
Community-based participatory research and other implementation methodologies could play a
pivotal role in dismantling these barriers.?® Additionally, longitudinal studies incorporating
objective measures of physical activity, dietary intake, and psychosocial stressors are needed to
uncover the complex mechanisms driving PPWR in socially vulnerable populations, ultimately

informing more equitable and effective intervention strategies.

Implications for Practice and/or Policy

This study highlights the need to explore postpartum weight management strategies that consider
community-level vulnerabilities among women with recent GDM. While further research is
necessary, preliminary findings suggest that moderate-SVI populations may face unique
challenges that warrant attention in program design. Policymakers could assess whether existing
nutrition and lifestyle support programs adequately reach this group and explore potential

refinements based on further evidence. Additionally, incorporating social vulnerability metrics into
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postpartum care research may help improve risk stratification and guide the development of

targeted interventions.

Conclusions

This study highlights the association between social vulnerability and postpartum weight retention
among women with recent GDM. Women in moderately vulnerable communities had significantly
higher PPWR at 12 months postpartum, implying that structural barriers may contribute to long-
term weight retention. In contrast, high social vulnerability was not significantly associated with
PPWR, which may suggest presence of potential mitigating factors such as community resources

or adaptive behaviors.

These findings underscore the need for a more detailed understanding of how social determinants
shape postpartum health outcomes. Future research should focus on identifying the mechanisms
through which moderate social vulnerability influences PPWR, incorporating longitudinal data
and objective lifestyle measures. Addressing these disparities through tailored interventions could

enhance postpartum care strategies and improve long-term metabolic health for women with prior

GDM.
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Tables and Figures

Table 1: Baseline Demographic and clinical characteristics of the participants

Variable

Mean = SD

Age (Years)

Gestational Weight Gain (1bs)
Median (IQR)

Pre-Pregnancy BMI (kg/m?)

Dietary KCAL intake
at 6 weeks

n (%)

Education
¢ Below College Graduate
e College Graduate

Income
o <$35,000
e >$35,000
Race and/or Ethnicity *
e Hispanic
White
Asian
Black/African American

Breastfeeding Status
at 6 Weeks

e Yes

e No

1st Tertile:
Low SVI

(<£0.2734)
(n=156)

34+6
283+ 129

26.3(24.2-31.2)

1919.3

(1415.6-2605.7)

5(9)
51 (91)

3 (5)
53 (94)

5(9)

31 (55)

19 (34)
2 (3)

49 (87)
7(12)

2"d Tertile:
Moderate SVI
(>0.2734 to
<0.5946)
(n=139)

32+£5
289+ 124

29.1
(25.8-33.3)
1896.6
(1451.3-2411.7)

23 (58)
16 (41)

12 (30)
27 (69)

17 (41)
18 (41)
8 (18)
11 (25)

23 (58)
16 (41)

3rd Tertile:
High SVI
(> 0.5946)
(n=47)

316
246+ 13.3

30.6
(26.2-35.5)
1896.9
(1437.8-2647.0)

33 (70)
14 (29)

14 (29)
33 (70)

21 (44)
23 (48)
24
14 (29)

30 (64)
17 (36)

aNational Institute of Health 2024 definitions of race and ethnicity were used.*
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P-Value

0.09
0.22

0.03

0.56

<0.001

0.001

0.65

0.003



Table 2: Association of Nationwide Social Vulnerability Index (SVI) with Postpartum Weight

Retention (PPWR) at 12 Months Postpartum, Relative to Pre-pregnancy Weight

Model SVI Categories

2nd Tertile : Moderate
Vulnerability
Unadjusted (>0.2734 to <0.5946)
3rd Tertile: High Vulnerability
(>0.5946)
2nd Tertile: Moderate
Vulnerability
Adjusted ® (>0.2734 to <0.5946)
3rd Tertile: High Vulnerability
(>0.5946)

Mean PPWR
at 12 Months

(1b.)

9.70

5.71

6.71

5.01

95% Confidence

Interval P-Value
3.40 to 16.01 0.003
-0.27 to 11.70 0.06
2.07to 11.35 0.007
-0.43 to 10.45 0.07

b- Multivariable linear regression model comparing the 2nd (Moderate) and 3rd (High) tertiles of
SVI to the reference group (1st tertile: Low SVI). Adjusted for age at screening, gestational weight
gain, pre-pregnancy BMI, dietary intake (kcal) at 6 weeks, current lactation status at 6 weeks,
intervention status, and cluster adjustment for counties. All continuous covariates were included
in the model as both linear and quadratic terms, except for gestational weight gain.
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Table 3: Association of Individual Components of the Nationwide Social Vulnerability Index

(SVI) with Postpartum Weight Retention (PPWR) at 12 Months Relative to Pre-Pregnancy Weight

(Adjusted Model Results 9)

SVI Mean PPWR 95%
Components Categories at 12 months Confidence P value
P (Ib.) Interval
2"d Tertile:
e 7.54 3.29 to 11.79 0.002
Socio-economic Moderate Vulnerability
Score .
3 Tertile:
) o . .14 to 10. .
High Vulnerability 533 0.14 10 10.92 0.05
2"d Tertile:
e 0.75 8.6 t0 8.52 0.99
Household Moderate Vulnerability
Characteristics .
3 Tertile:
) o 1.71 -6.06 t0 9. .
High Vulnerability ! 6.06 0 9.49 0.65
2" Tertile:
Racial and Moderate Vulnerability 7:46 3:35 10 11.37 0.001
Ethnic Minority
Score 3" Tertile:
) o 4. -1.77 to 10. .
High Vulnerability 39 7710 10.47 0.15
2"d Tertile:
e 753 1377t0-129  0.02
Housing & Moderate Vulnerability
Transportation wd _
3" Tertile:
) o .61 -3.78 to 5. .
High Vulnerability 06 3.78105.0 0.77

d Multivariable linear regression model comparing the 2nd (Moderate) and 3rd (High) tertiles of
each SVI component to the reference group (1st tertile: Low SVI). Adjusted for age at screening,
gestational weight gain, pre-pregnancy BMI, dietary intake (kcal) at 6 weeks, current lactation
status at 6 weeks, intervention status, and cluster adjustment for counties. All continuous covariates
were included in the model as both linear and quadratic terms, except for gestational weight gain.
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Figure 1: CONSORT (Consolidated Standards of Reporting Trials) diagram

Attended Baseline Visit

N= 187
DNQ due to (N=6):
» T2DM (n=2)
« PP BMI <24 kg/m? (n= 3)
* Acromegaly (n=1)
\ 4
Randomized at 6-week PP
N=181
No longer eligible/LTFU (N=16)
» Pregnancy (n = 11)
*«T2DM (n = 3)
« Medication related (n=2)
v
Eligible for 12-month
time-point
N=165
Missing exposure and outcome variable (N=23):
p| < Postpartum weight at 12 months (n=21)
» Address to obtain SVI (n=2)
v
Final N for Secondary
Analysis = 142
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Figure 2: Median (IQR) Postpartum Weight Retention (PPWR) at 12 months Across SVI

tertiles

Postpartum Weight Retention at 12 months by SVI Tertiles

50

30

20

10+

-101

-20 R N

-30

Postpartum Weight Retention at 12 Months (Ibs)

-50 - 5

1st Tertile: <=0.2734 2nd Tertile: >0.2734 to <=0.5946 3rd tertile: >0.5946

P value from one-way ANOVA test was 0.009
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Supplementary Materials

S.Table 1: Association of Nationwide Social Vulnerability Index (SVI) with Postpartum Weight
Retention (PPWR) at 12 Months Postpartum, Relative to Pre-pregnancy Weight (Full model)

Mean PPWR
Variable at 12 months 95% CI1 P-Value
(Ib.)

g Tertles: 6 6.71 2.07to 11.35 0.007

3rd tertile: >0.5946) 5.01 -0.43 to 10.45 0.069

Age at Screen -1.05 -4.56 to 2.46 0.539

Square of Age at Screen (Quadratic) -0.02 -0.04 to 0.07 0.521
Gestational Weight Gain 5.33 0.41 to 6.54 <0.001
Pre-pregnancy BMI -1.83 -5.22t0 1.56 0.271

Square of Pre-pregnancy BMI (Quadratic) -0.03 -0.02 to 0.08 0.167
Dietary Intake at 6 Weeks (kcal) 0.01 -0.0 to 0.01 0.028

Square Of(lg fﬁ%ﬁﬁ?ﬁiiﬁ 6 Weeks 0 10.010 0.0 0.15
Currently Breastfeeding at 6 Weeks -5.33 -11.31 to 0.66 0.078
Intervention Status -4.35 -9.83t01.13 0.113

Multivariable linear regression model comparing the 2nd (Moderate) and 3rd (High) tertiles of
SVI to the reference group (st tertile: Low SVI). Adjusted for age at screening, gestational weight
gain, pre-pregnancy BMI, dietary intake (kcal) at 6 weeks, current lactation status at 6 weeks,
intervention status, and cluster adjustment for counties. All continuous covariates were included
in the model as both linear and quadratic terms except for gestational weight gain.

S. Table 2.1 — 2.4: Association of Individual Components of the Nationwide Social Vulnerability
Index (SVI) with Postpartum Weight Retention (PPWR) at 12 Months Relative to Pre-Pregnancy
Weight (Full model for each components is as follow)

Multivariable linear regression model comparing the 2nd (Moderate) and 3rd (High) tertiles of
SVI to the reference group (st tertile: Low SVI). Adjusted for age at screening, gestational weight
gain, pre-pregnancy BMI, dietary intake (kcal) at 6 weeks, current lactation status at 6 weeks,
intervention status, and cluster adjustment for counties. All continuous covariates were included
in the model as both linear and quadratic terms except for gestational weight gain.
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S.Table 2.1: Association of Socioeconomic Score tertiles with PPWR at 12 months relative to

Pre-pregnancy weight
Variable

Socioeconomic Score Tertiles:
2nd Tertile: > 0.1229 & <= 0.5535
3rd Tertile: > 0.5535
Age at Screen
Square of Age at Screen (Quadratic)
Gestational Weight Gain
Pre-pregnancy BMI
Square of Pre-pregnancy BMI (Quadratic)
Dietary Intake at 6 Weeks (kcal)
Square of Dietary Intake at 6 Weeks (kcal)
(Quadratic)
Currently Breastfeeding at 6 Weeks
Intervention Status

Mean PPWR at
12 months (Ib.)

7.54

5.53
-1.08
0.02
5.28
-1.92
0.03
0.01
-3.99

-5.42
-4.17

95% CI1

3.29t0 11.79

0.149 to 10.92

-4.60 to 2.43
-0.04 to 0.07
0.06 to 6.56
-5.20to 1.36
-0.01 to 0.08
0.00 to 0.01
-9.83 t0 1.85

-11.36 t0 0.5
-9.62 to 1.28

P-Value

0.002

0.045
0.524
0.508
<0.001
0.235
0.143
0.028
0.168

0.071
0.125

S. Table 2.2: Association of Household Characteristics Tertiles with PPWR at 12 Months

Relative to Pre-Pregnancy Weight

Variable

Mean PPWR

at 12 months

Household Characteristics Tertile
2nd Tertile: > 0.0834 & <= 0.3549
3rd Tertile: > 0.3549

Age at Screen
Square of Age at Screen (Quadratic)
Gestational Weight Gain
Pre-pregnancy BMI

Square of Pre-pregnancy BMI
(Quadratic)

Dietary Intake at 6 Weeks (kcal)
Square of Dietary Intake at 6 Weeks
(kcal) (Quadratic)
Currently Breastfeeding at 6 Weeks

Intervention Status

(1b.)
-0.75

1.72
-1.52
0.02
5.53
-1.58
0.04

0.01
-4.13

-6.45
-4.48

34

95% CI1

-8.67 to 8.52

-6.61 t0 9.49
-5.024 to 1.99
-0.03 t0 0.08
0.41 to 6.50
-5.12t0 1.96
-0.02 to 0.08

0.00 to 0.01
-9.97to 1.72

-12.68 to -0.22

-9.66 t0 0.70

P-Value

0.985

0.648
0.376
0.384
<0.001
0.36
0.23

0.018
0.155

0.043
0.086



S. Table 2.3: Association of Racial and Ethnic Minority Score Tertiles with PPWR at 12

Months relative to Pre-Pregnancy Weight
Variable

Racial and Ethnic Minority Score Tertiles
2nd Tertile: > 0.669 & <= 0.8511
3t Tertile: > 0.8511

Age at Screen
Square of Age at Screen (Quadratic)
Gestational Weight Gain
Pre-pregnancy BMI
Square of Pre-pregnancy BMI (Quadratic)
Dietary Intake at 6 Weeks (kcal)

Square of Dietary Intake at 6 Weeks (kcal)
(Quadratic)
Currently Breastfeeding at 6 Weeks

Intervention Status

Mean PPWR at 95% CI P-Value

12 months (Ib.)
7.46 3.56to 11.37 0.001
4.35 -1.77 to 10.47 0.152
-0.96 -4.45 to0 2.54 0.572
0.01 -0.04 to0 0.07 0.553
5.18 0.39 to 6.64 <0.001
-1.98 -5.46 to 1.48 0.244
0.04 -0.01 to 0.09 0.153
0.00 0.0t0 0.01 0.032
-3.80 -9.65 to0 2.06 0.19
-6.13 -12.13 to -0.23 0.043
-4.28 -9.86 to 1.29 0.124

S. Table 2.4: Association of Housing and Transportation Tertiles with PPWR at 12 Months

Relative to Pre-Pregnancy Weight

Variable

Housing & Transportation Score Tertiles:
2nd Tertile: > 0.75265 & <= 0.8224
3rd Tertile: > 0.8224

Age at Screen
Square of Age at Screen (Quadratic)
Gestational Weight Gain
Pre-pregnancy BMI
Square of Pre-pregnancy BMI (Quadratic)
Dietary Intake at 6 Weeks (kcal)

Square of Dietary Intake at 6 Weeks (kcal)
(Quadratic)

Currently Breastfeeding at 6 Weeks
Intervention Status
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Mean PPWR 95% CI P-Value

at 12 months
(Ib.)
-7.53 -13.77 to -1.29 0.021
0.61 -3.78 to 5.00 0.773
-1.04 -4.65 t0 2.56 0.551
0.02 -0.04 to 0.07 0.524
5.50 0.44 to 6.58 <0.001
-2.11 -5.21t0 0.99 0.171
0.04 -0.069 to 0.09 0.093
0.01 0.00 to 0.01 0.014
-4.39 -9.24 t0 4.60 0.073
-5.23 -11.26 to 0.80 0.085
-3.85 -9.31to 1.60 0.155



S. Table 3: Association Between Tertiles of Nationwide Social Vulnerability Index (SVI) and
Percent” Postpartum Weight Retention at 12 Months Relative to Pre-pregnancy Weight

el [ s
Models SVI Categories PPWR at 12 Confidence p-value
Interval
months
2nd Tertile :
Moderate Vulnerability 5.61 1.88 t0 9.34 0.003
Unadjusted (>0.2734 to <=0.5946)
3rd Tertile: High Vulnerability
(>0.5946) 4.13 0.59 to 7.66 0.022
2nd Tertile :
Moderate Vulnerability 4.54 1.45 to 7.63 0.006
Adjusted ¢ (>0.2734 to <=0.5946)
3rd Tertile: High Vulnerability
(>0.5946) 4.45 1.01 to 7.89 0.014

S. Table 4: Association of Individual Components of the Nationwide Social Vulnerability Index
(SVI) with Percent" Postpartum Weight Retention (PPWR) at 12 Months Relative to Pre-
Pregnancy Weight (Adjusted Model Results ¢)

Mean of

0,
SvI Categories Percent C :s (f) n P val
Components g PPWR at 12 onfidence value
Interval
months
. 2nd Tertile:
SOCIO-. Moderate Vulnerability 5.33 2.49to0 8.17 0.001
economic 3 Tertile:
Score High Vulnerability 4.92 1.54 to 8.30 0.007
2nd Tertile:
Household Moderate Vulnerability 0.68 -322106.59 0.881
Characteristics 31 Tertile:
High Vulnerability 2.15 -2.36 t0 6.67 0.329
. 2nd Tertile:
Racial ?nd Moderate Vulnerability 4.71 1.92 to 7.51 0.002
Ethnic 31 Tertile:
Minority Score High Vulnerability 3.9 0.15to 7.77 0.043
2nd Tertile:
Housing & Moderate Vulnerability -5.9 -9.4210-2.40 0.002
Transportation 3t Tertile:
High Vulnerability 0.04 -2.01 to0 2.09 0.964

d Multivariable linear regression model comparing the 2nd (Moderate) and 3rd (High) tertiles of
each SVI component to the reference group (1st tertile: Low SVI). Adjusted for age at screening,
gestational weight gain, pre-pregnancy BMI, dietary intake (kcal) at 6 weeks, current lactation
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status at 6 weeks, intervention status, and cluster adjustment for counties. All continuous covariates
were included in the model as both linear and quadratic terms, except for gestational weight gain.

P Percent weight change was calculated as: [(weight at 12 months (Ib) — pre-pregnancy weight (1b))
/ pre-pregnancy weight (Ib)] x 100. Positive values indicate weight retention or gain; negative
values indicate weight loss.

S. Table 5: Comparison of Baseline Sociodemographic and Clinical Characteristics Between
Included and Excluded Participants

Variable Included (N =142) Excluded (N =23)
Median (IQR) f
Age (Years) 33 (30-36) 33 (29-36)
Gestational Weight Gain (1bs) 28 (18-35) 31 (19-36)
Pre-Pregnancy BMI (kg/m?) 25 218_3} 3.0) @ 6229—3? 4.0)
Dietary KCAL intake 1902.36 2206.9
at 6 weeks (1438.0-2475.3) (1505.1-2737.7)
n (%)

Education

¢ Below College Graduate 61 (43) 12 (55)

e College Graduate 81 (57) 10 (45)
Income

e <§35,000 29 (20) 5(22)

e >$35000 113 (80) 18 (78)
Race and/or Ethnicity *

e Hispanic 43 (30) 15 (60)

e White 72 (49) 13 (14)

e Asian 29 (20) 3 (18)

e Black/African American 27 (19) 209
Breastfeeding Status
at 6 Weeks

e Yes 102 (72) 18 (78)

e No 40 (28) 5(22)

aNational Institute of Health 2024 definitions of race and ethnicity were used.*
fAll continuous variables are presented as median and interquartile range (IQR) to facilitate
comparability between the two groups.
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Abstract

Background: Women with prior gestational diabetes mellitus (GDM) are at an increased risk of
developing type 2 diabetes (T2DM). During pregnancy, they exhibit higher levels of LDL,
triglycerides (TG), and total cholesterol (TC), and lower HDL levels than those without GDM.
However, the postpartum (PP) trajectory of LDL-C remains unclear. Identifying early postpartum
predictors of LDL-C at 12 months could help target high-risk women for timely follow-up and

intervention to reduce long-term cardiometabolic risk.

Objective: This study aims to identify predictors of LDL-C levels at 12 months PP in women with
recent GDM based on clinical measures at six weeks PP, using the best-fitting backward stepwise
multivariable linear regression analysis. A secondary objective was to assess whether change in PP
weight, continued systemic hormonal contraceptive use, and breastfeeding from six weeks to 12

months PP improved model fit.
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Methods: This was a secondary analysis of the Balance After Baby Intervention (BABI) trial, a
web-based lifestyle intervention conducted between 2016 and 2019 across three U.S. clinical sites

among women with GDM in their most recent pregnancy.

Results: The final analytic sample comprised 122 women. The mean age at screening was 33 + 5
years. The cohort was racially and ethnically diverse: 33% Hispanic, 49% White, 19%
Black/African American, 19% Asian, and 13% other races/ethnicities. Regarding socioeconomic
status, 55% were college graduates, and 81% had an annual household income > $35,000. Stepwise
backward multivariable linear regression analysis revealed LDL-C at six weeks postpartum (f =
0.66, 95% CI: 0.57-0.76, p < 0.001) and breastfeeding at six weeks postpartum (f =-9.13, 95%
CI: -17.34,-0.93, p = 0.029) were significant predictors of LDL-C levels at 12 months postpartum.
In an extended model incorporating weight change from six weeks to 12 months postpartum,
continued systemic hormonal contraceptive use (B = 14.67, 95% CI: 3.26-26.08, p = 0.012) and
maternal age (B = 0.82, 95% CI: 0.05-1.60, p = 0.036) were also significantly associated with
LDL-C levels at 12 months. The final model (Model 4) demonstrated improved fit (Adjusted R? =

0.633, AIC = 884.318).

Conclusion: LDL-C levels at six weeks postpartum is a significantly predictor of LDL-C levels at
12 months in women with recent GDM. Early postpartum breastfeeding appears protective against
elevated LDL-C, whereas continued systemic hormonal contraceptive use is associated with higher
LDL-C levels. Additionally, older maternal age was linked to higher LDL-C at 12 months
postpartum. Given that the ADA and ACOG recommend an OGTT at 412 weeks postpartum for
women with GDM, this routine visit presents a potential opportunity to concurrently perform lipid

screening. Identifying women at risk of elevated LDL-C at 12 months postpartum through early
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postpartum lipid screening enables the implementation of targeted interventions aimed at reducing

long-term cardiovascular risk.

Keywords: Gestational diabetes mellitus, postpartum dyslipidemia, LDL cholesterol,

breastfeeding, hormonal contraception, cardiovascular risk
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Introduction

During pregnancy, maternal lipids increase in response to fetal cholesterol demands that are
necessary for growth and development. Cholesterol is crucial to the formation and maintenance of
cell membranes and is also a key component of signaling cascades including sonic hedgehog
signaling that initiates embryonic cell differentiation.! Cholesterol is a precursor of steroid
hormones including estrogen and progesterone that act to maintain pregnancy. Maternal
cholesterol crosses the placenta via receptor-mediated mechanisms to enter fetal circulation and
contributes significantly to fetal cholesterol pools.? In the third trimester, there is decreased insulin
sensitivity and lipase inhibition leading to increased lipoprotein production which facilitates fetal

growth.?

Gestational diabetes mellitus (GDM) is defined as any degree of glucose intolerance with onset or
first recognition in the second or third trimester of pregnancy.* In the United States, the overall
rate of GDM has increased by 38 percent between 2016 (6.0 percent) and 2023 (8.2 percent).’ In
normal pregnancies, peripheral insulin sensitivity decreases by approximately 50 percent.
However, there is evidence that women with GDM have lower peripheral insulin sensitivity even
before pregnancy and the metabolic changes in pregnancy exacerbate their pre-existing insulin
resistance leading to attenuated insulin response and increased lipid synthesis.®® Once diagnosed
with GDM, patients are at higher risk of subsequent type 2 diabetes for over 35 years following
their pregnancy.’ Additionally, women with GDM have 2-fold increased risk of developing

cardiovascular diseases (CVD) irrespective of progression to T2DM. !

41



Multiple studies of normal pregnancy have reported that elevated progesterone and estrogen
production during pregnancy contribute to an increase in total cholesterol (TC) and triglycerides
(TG).!'"13 In normal pregnancy, lipids increase significantly but are reported to return to pre-
pregnancy levels within a year following delivery.'*!> Women with GDM are more likely to have
significantly higher levels of LDL, TG, and TC, and significantly lower levels of HDL in
circulation during pregnancy compared to women without GDM.!¢ Several studies suggest that
lipid abnormalities observed during pregnancy in women with GDM may persist for years to
decades postpartum (PP) and further increase the risk of CVD- 11720 Qutside of pregnancy, high
cholesterol is associated with increased risk of developing cardiovascular disease which warrants

lifestyle intervention and potentially medication.!!

The trajectory of maternal lipids in the one year after delivery is not well-known in patients with
recent GDM. As both the American Diabetes Association (ADA) and the American College of
Obstetricians and Gynecologists (ACOG) recommend an oral glucose tolerance test (OGTT)
within 4-12 weeks PP for patients with recent GDM, there is an opportunity to obtain a lipid panel
at that time as many women do not frequently return for continuing care beyond this visit.!”"!* In
this study, we identified factors at 6 weeks PP that may be predictive of LDL-C at 12 months PP.
These findings could allow targeting of a population at risk of high LDL-C a year after delivery

for follow-up screening and management.

Aims of the Study

The primary aim of this analysis was to identify predictors at six weeks PP that are associated with
LDL cholesterol levels at 12 months PP among women with recent GDM, using the best-fitting

backward stepwise multivariable linear regression model. The secondary aim was to evaluate
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whether the inclusion of change in postpartum weight, continued systemic hormonal contraceptive

use, and breastfeeding from 6 weeks to 12 months PP improved the model fit.

Method

Study Design

This secondary analysis utilizes data from the Balance After Baby Intervention (BABI) trial, a
web-based lifestyle intervention trial (ClinicalTrials.gov identifier: NCT02744300) conducted in
women with recent GDM. The trial was conducted at three clinical sites: Brigham and Women’s
Hospital (Boston, MA), University of Colorado Hospital, and Denver Health Medical Center,
between July 2016 and July 2019. Data from both intervention and control groups were combined
for this secondary analysis, as primary outcome of the trial (postpartum weight change from pre-

pregnancy at 6 weeks and 12months) did not differ significantly between the groups.

Study Population

The study population consisted of PP women with a history of gestational diabetes mellitus (GDM)
who participated in the BABI trial. Participants were eligible for inclusion if they were diagnosed
with GDM in their most recent pregnancy, defined by Carpenter—Coustan criteria using a 100-g
oral glucose tolerance test (OGTT)?, a 50-g glucose loading test (GLT) result >11.1 mmol/L (>200
mg/dL), or a documented diagnosis of GDM in the medical record by a clinician. Clinician-
determined diagnoses included individuals identified and managed as having GDM without formal
glucose testing, such as those with a history of GDM and elevated fingerstick blood glucose levels.
Additional inclusion criteria required participants to be aged >18 years and have a 6-week PP BMI

between 24 and 50 kg/m? (or >22 kg/m? for Asian women). Participants were randomized after
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completing a baseline study visit at 6 weeks PP and informed consent taken during this visit.
Exclusion criteria included a diagnosis of diabetes at 6 weeks PP or later, medical conditions or
medications known to affect glucose tolerance, a history of bariatric surgery, or statin use at 6

weeks or during the 12-month PP period.

Participants Assessment

187 postpartum women attended the baseline visit, six participants were excluded due to
ineligibility: two for type 2 diabetes mellitus (T2DM), three for postpartum BMI < 24 kg/m?, and
one for a diagnosis of acromegaly made during pregnancy. A total of 181 participants were

randomized at a 6-week PP baseline visit (range: 4—12 weeks PP).

Subsequently, 16 participants were excluded due to ineligibility or loss to follow-up (11 due to
pregnancy, 3 due to T2DM, and 2 for medication-related reasons), leaving 165 eligible participants
for the 12-month follow-up. Among these, lipid profiles were missing for 2 participants at 6 weeks,

38 at 12 months, and 1 at both time points.

Thus, paired lipid profiles at 6-weeks and 12 months PP were available for 124 participants. After
excluding one participant who had started on statin therapy and another with an underlying genetic
condition affecting LDL-C, the final analytical sample comprised 122 participants. This process

has been outlined in the CONSORT diagram (Figure 1).

Anthropometric Data Collection

Anthropometric measurements were conducted at 6-weeks and 12 months PP visit using

standardized protocols. Height was measured using calibrated stadiometers (Seca 222 Mechanical
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Telescope Measuring Rod, Health o Meter PORTROD, or Cardinal Detecto Scale) to the nearest
millimeter. Weight was recorded using digital scales (Tanita WB-300, Seca Digital, or Cardinal
Detecto) with participants wearing light clothing and no shoes. Discrepancies exceeding 0.3 lbs
were resolved through a third measurement, averaging the two closest values. Pre-pregnancy

weight was self-reported at the time of enrollment into the study.

Clinical Data

Breastfeeding status was determined using a modified Pregnancy Risk Assessment Monitoring
System (PRAMS) Phase 6 Core Questionnaire. Participants were categorized into two groups:
"currently breastfeeding" or "not breastfeeding” (including never breastfed or ceased breastfeeding
by 6 weeks PP). Systemic hormonal contraceptive use at 6 weeks PP was obtained by patient self-
report by questionnaire and then defined as a binary variable (Yes/No). Participants classified as
"Yes" were those using systemic hormonal contraceptive methods, including combined oral
contraceptives, progesterone-only pills, contraceptive patches, Depo-Provera injections, or
Nexplanon implants. Participants classified as "No" encompassed individuals using non-systemic
hormonal methods (e.g., Mirena intrauterine device [IUD], NuvaRing), non-hormonal methods
(e.g., copper IUDs, condoms, rhythm method, sterilization), or no contraceptive method.
Additional clinical data collected included weight change (measured as the difference between
postpartum weight at 6 weeks and measured weight at 12 months PP). Changes in breastfeeding
and systemic hormonal contraceptive use status were recorded as "Yes" only if they were reported

as "Yes' consistently at the 6-week, 6-month, and 12-month PP assessments.

Outcome and Predictors Measures
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The primary outcome of this analysis was LDL cholesterol levels at 12 months PP, calculated
using the Friedewald equation, which estimates LDL-C by subtracting HDL cholesterol and
triglycerides divided by five from total cholesterol. This method is widely utilized due to its cost-

effectiveness and simplicity relative to direct LDL-C assays?!.

Predictor variables included fasting lipid levels (HDL-C and triglycerides), LDL-C, fasting blood
glucose, and 2-hour glucose levels from the oral glucose tolerance test (OGTT), all assessed at the
6-week PP visit. Participants fasted for at least 10 hours before the study visit, consuming only
water. Blood samples were first collected in a fasting state, followed by an additional draw 120
minutes after ingestion of a 75-g oral glucose load for the OGTT. Additional predictors considered
were pre-pregnancy BMI, BMI at 6 weeks PP, maternal age at screening, race/ethnicity, and
breastfeeding status at 6 weeks PP. The 6-week PP visit took place at a median of 7 weeks (IQR:
6—8 weeks), and the 12-month visit occurred at a median of 12.2 months (IQR: 11.6—12.7 months)

PP.

Statistical Analysis Plan

Descriptive analyses were performed to summarize baseline characteristics and relevant study
variables. Continuous variables were reported as means + standard deviations (SD) or medians
with interquartile ranges (IQR), depending on data distribution, which was visually assessed using
histograms and formally verified with the Shapiro-Wilk test. Categorical variables were described

using frequencies and percentages.

Univariate linear regression analyses were conducted to examine unadjusted associations between

potential predictor variables and LDL cholesterol levels at 12 months PP. Predictor variables
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demonstrating a p-value <0.20 in univariate analyses were selected for inclusion in the initial

multivariable regression model (Model 1).

Three multivariable linear regression models were developed and compared to determine the best-
fitted model for identifying significant predictors of LDL cholesterol at 12 months PP. Model 1
included variables identified from univariate analyses with a significance threshold of p<0.20.
Model 2 incorporated all proposed predictor variables without log transformation, while Model 3
incorporated all proposed predictors measured at 6 weeks PP, applying log transformations to pre-
pregnancy BMI, LDL, HDL, and triglyceride levels. A stepwise backward linear regression
approach was applied to each model, retaining predictors with a p-value <0.05. Based on model

fit criteria and diagnostic assessments, the best-fitting model was selected as the final model.

Model diagnostics were conducted to evaluate goodness of fit and adherence to regression
assumptions. The Akaike Information Criterion (AIC), Adjusted R?, and Root Mean Squared Error
(RMSE) were used to assess model fit, while residual diagnostics verified normality, linearity, and
homoscedasticity. All statistical analyses were conducted using Stata (version 18) with a p-value
< 0.05 considered statistically significant. Adjustment for multiple comparisons has not been

made.

As a secondary aim of this analysis, we evaluated to determine if adding three additional
variables—changes in postpartum weight from 6 weeks to 12 months, continued systemic
hormonal contraceptive use, and continued breastfeeding status from 6 weeks to 12 months - could

enhance model fit of the final model (Model 4).
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Results

This secondary analysis included 122 PP women. Table 1 presents their demographic and clinical
characteristics. At six weeks PP, majority (76%) of participants were breastfeeding, but this
proportion declined to 36% by 12 months. Systemic hormonal contraceptives were continuously
used from six weeks to 12 months PP by 12% of participants. Regarding socioeconomic
characteristics, over half (55%) had a college degree, and 81% reported a household income of
$35,000 or higher. The cohort was racially and ethnically diverse, comprising 49% White, 19%
Black or African American, 33% Hispanic/Latina, and 19% Asian participants. The metabolic

profile of participants at 6 weeks PP is presented in Table 2.

Univariate regression analysis identified several predictors at the 6 weeks pp visit with p < 0.20,
which were examined for their association with LDL-C levels at the 12 months PP visit. As seen
in Table 3, LDL-C at 6 weeks PP (f = 0.65, 95% CI: 0.56, 0.74, p <0.001) and age ( = 1.69, 95%
CL: 0.68, 2.71, p = 0.001) were each positively associated with LDL-C at 12 months PP.
Conversely, fasting blood glucose at 6 weeks PP was negatively associated with LDL-C at 12

months PP ( =-0.63, 95% CI: -1.14, -0.13, p = 0.014).

Among the three multivariable linear regression models evaluated, Model 2 was selected as the
final model for the primary aim, based on model fitness criteria (Table 4), as Model 2 had the
highest Adjusted R? (0.627), the lowest AIC (1071.36), and the lowest RMSE (19.293). Model 2
incorporated all proposed predictor variables including: age at screening, race, pre-pregnancy
BMI, BMI at 6 weeks, LDL-C at 6 weeks, triglyceride levels at 6 weeks, HDL-C at 6 weeks,
fasting blood glucose at 6 weeks, 2-hour post-OGTT at 6 weeks, and current breastfeeding status

at 6 weeks PP. After adjusting for these covariates, LDL-C at 6 weeks PP (B =0.66, 95% CI: 0.57,
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0.76, p < 0.001) and breastfeeding at 6 weeks PP (p = -9.13, 95% CI: -17.34, -0.93, p = 0.029)
remained significant predictors of LDL-C at 12 months PP (Table 5). For the secondary aim,
Model 4 was developed by extending Model 2 with the addition of postpartum weight change,
continued systemic hormonal contraceptive use, and continued breastfeeding status from 6 weeks
to 12 months PP. This model improved model fit (Adjusted R? = 0.633, AIC = 884.318, RMSE =
19.654). In Model 4, age at screening (= 0.82, 95% CI: 0.05, 1.60, p=0.036) , LDL-C at 6 weeks
PP (B =0.63, 95% CI: 0.53, 0.74, p < 0.001), breastfeeding at 6 weeks PP (B =-10.69, 95% CI: -
19.71, -1.67, p = 0.021), and systemic hormonal contraceptive use from 6 weeks to 12 months (3
= 14.67, 95% CI: 3.26, 26.08, p = 0.012) remained significantly associated with LDL-C at 12

months PP (Table 5).

LDL-C at 6 weeks PP exhibited a strong positive correlation with LDL-C at 12 months postpartum,
as shown in Figure 2. The scatter plot illustrates a positive linear relationship, with the fitted
regression line demonstrating the predictive association between early postpartum LDL-C levels
and those at 12 months. The clustering of data points along the fitted line suggests a consistent
trend, further supporting the multivariable regression findings, where LDL-C at 6 weeks PP

remained the strongest predictor of LDL-C at 12 months PP (f = 0.65, p <0.001)
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Discussion

In this study, we found that in a cohort of PP women with recent GDM, at 6 weeks PP, LDL-C
levels, and breastfeeding were significant predictors of LDL-C at 12 months, In addition age, and
continued systemic hormonal contraceptive use from 6 weeks to 12 months PP were significantly
associated with LDL-C levels at 12 months PP. Z-scores were included to facilitate comparison of
the relative strength of associations between predictors and 12-month LDL-C levels. Higher
absolute Z-scores indicate stronger associations, with LDL-C at 6 weeks showing the most robust

and consistent relationship across models.

In this study, the significant association between LDL-C at 6 weeks PP and LDL-C at 12 months
PP suggests that early postpartum lipid profiles may be reflective of long-term maternal metabolic
health. Prior study, including a cohort study of 9,911 pregnancies found that hypertriglyceridemia
during pregnancy was associated with greater likelihood of future development of pregnancy
complications including GDM and preeclampsia.'* In the early postpartum period, studies have
reported inconclusive findings regarding the persistence of dyslipidemia in women with prior
GDM. A retrospective cohort study by Hong et. al (2023), of 869 women, including 55 (6.3%)
with a history of GDM, found a significant association between GDM and elevated triglyceride
(TG) levels at six weeks PP (P =0.019, OR = 1.239) compared to women without GDM. However,
GDM was not identified as a risk factor for other lipid abnormalities, including elevated LDL-C,
at the same time point.?? In contrast, a population-based cohort study of 160,527 Israeli women,
including 10,234 with GDM, found that GDM was associated with increased risks of dyslipidemia:
1.8-fold for TG, 1.45-fold for LDL-C, and 1.44-fold for HDL-C (mean follow-up: 1.9 years). The

study also reported significantly higher LDL-C levels in women with GDM compared to those
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without.?®> Our study suggests women with elevated LDL-C levels during early PP may remain at

increased risk for persistent dyslipidemia over time.

In our study, women who were breastfeeding at 6 weeks PP had significantly lower LDL-C levels
at 12 months compared to women who were not breastfeeding. This finding adds to the large body
of existing literature demonstrating the positive maternal metabolic effects of breastfeeding.
Breastfeeding has been shown to be associated with decreased metabolic syndrome.?*?’ In
addition, a secondary analysis of 178 postpartum women with recent GDM reported breastfeeding
during early PP (8.0 + 1.8 weeks PP) was significantly associated with a lower risk of dyslipidemia
(OR: 0.16, CI: 0.06-0.41, p < 0.001).2> However, not all studies support the protective effects of
breastfeeding. A secondary analysis of 243 women, 159 of whom had GDM, found that
breastfeeding had no impact on maternal lipid profile.>Importantly, despite the likely metabolic
benefits of breastfeeding, women with GDM, who are at heightened risk of metabolic disturbance,
have shorter breastfeeding duration than women with uncomplicated pregnancies.>® Our study
findings suggest that breastfeeding in the early postpartum period may be protective against
elevated LDL-C levels at 12 months. Therefore, encouraging breastfeeding in women with
elevated LDL-C levels at 6 weeks PP may serve as an additional strategy for cardiometabolic

disease risk reduction in women with recent GDM.

Systemic hormonal contraceptive use during the first PP year was associated with higher LDL-C
levels at 12 months in this study. However, the effects of hormonal contraceptive use on lipid
metabolism are poorly understood and controversial. A systematic review evaluating the effect of
progestogen-only contraceptives, combined estrogen-progestogen contraceptives, and non-

hormonal contraceptives on carbohydrate and lipid metabolism in women with diabetes mellitus
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found insufficient evidence to conclusively assess the effects.>! A longitudinal study with median
follow up year 11-20 months PP, assessing the effects of different contraception types on lipids in
972 Latina women with prior GDM found no significant difference in LDL-C or triglyceride levels
based on contraceptive type (nonhormonal, combination hormonal oral contraception, or depo-
medroxyprogesterone acetate), though there was a small increase in HDL levels in women using
combined oral contraceptives when compared to women using non-hormonal contraceptives.’? In
contrast, a controlled, randomized prospective study of 230 women with recent GDM, in which
participants entered at a mean of 49 days PP, found a significant decrease in mean LDL-C levels
at three months and again at 6 to 13 months PP, compared to baseline levels, across all study
groups regardless of oral contraceptive use.>* Godsland et al. (1990) in an observational study of
1478 healthy white women showed that, taking combined hormonal contraceptives (n=1060) had
decreased LDL-C levels, increased fasting triglyceride levels, increased apolipoproteins, and no
difference in total cholesterol levels as compared to those not taking these.** These findings
suggest that the metabolic impact of hormonal contraception may be dependent on the specific
hormonal formulation used. Several studies have demonstrated that different progestins have
varying effects on lipid metabolism, with some formulations exerting more androgenic effects,
leading to increased LDL-C and decreased HDL-C levels, while others may have neutral or even
beneficial effects on lipid profiles.3*3¢ The variability in progestin type, estrogen dose, and route
of administration (oral, injectable, or implantable) may partially explain the inconsistency in
findings across studies. In this study, systemic hormonal contraceptive use was treated as a single
variable due to sample size limitations, preventing a more detailed evaluation of how different
formulations influenced lipid levels. It is possible that the increased LDL-C observed in this cohort

was driven by specific contraceptive formulations with more pronounced lipid-altering effects.
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Current guidelines from the American Diabetes Association (ADA) and the American College of
Obstetricians and Gynecologists (ACOG) recommend an oral glucose tolerance test (OGTT)
within 4-12 weeks PP for individuals with recent GDM.!=37 This time may provide an important
opportunity for early cardiovascular risk assessment because general PP women do not engage in

routine follow-up care beyond this visit.!8

Our findings highlight the potential utility of this
postpartum visit for lipid screening. We identified LDL-C levels at 6 weeks PP as a significant
predictor of LDL-C levels at 12 months, suggesting that early postpartum dyslipidemia may persist
over time. Integrating lipid screening alongside OGTT during the 4-12-week PP visit could

facilitate the early identification of women at heightened risk for long-term dyslipidemia, allowing

for timely intervention and targeted preventive strategies.

This study has several strengths. It focuses on women with recent GDM, a high-risk group for
CVD, addressing an important clinical population. The study employs robust statistical analysis
with model selection based on AIC, Adjusted R?, and RMSE. LDL-C was assessed at two key
postpartum time points—6 weeks and 12 months PP. Moreover, it examines multiple postpartum
factors, including breastfeeding and systemic hormonal contraceptive use, providing a

comprehensive view of potential influences on LDL-C levels.

However, limitations of this study include its observational design, which restricts causal
inference, and a limited sample size that may affect generalizability. Missing lipid data at 12
months for some participants necessitated their exclusion, potentially introducing selection bias.
Additionally, breastfeeding was categorized as binary variable (yes/no) since neither frequency
nor intensity was assessed, which may have influenced the observed associations. Both
breastfeeding and contraceptive use were self-reported, with the potential for introducing bias. The

study also did not capture postpartum physical activity data or assess dietary adherence over the
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first postpartum year—both of which are relevant to lipid outcomes and may confound the
observed associations. Furthermore, the lack of data on specific formulations of systemic hormonal

contraceptives limits insight into their differential metabolic effects

Future research should refine predictive models and expand geographic diversity to confirm LDL-
C and breastfeeding at 6 weeks PP as predictors of LDL-C at 12 months. Evaluating targeted lipid
screening in women with prior GDM could improve early risk identification and intervention.
Investigation regarding the effects of specific hormonal contraceptive use on metabolic markers is
also warranted, particularly in women with complications of pregnancy such as GDM that
independently increase future risk of cardiovascular disease. Interventions should be developed to
assess whether early postpartum lifestyle modifications and breastfeeding counseling can mitigate

LDL-C elevation in high-risk women.

Conclusion

Postpartum period is widely recognized as a unique window of opportunity to promote lasting
healthy lifestyle changes in women at increased risk for future cardiovascular disease.*®*? Women
at risk for elevated LDL-C levels at 12 months PP may benefit from additional counseling and
intervention. This study reinforces the growing body of evidence that breastfeeding provides
significant maternal metabolic benefits. Encouraging breastfeeding in the early postpartum period
may play a key role in lowering LDL-C levels over the first year PP in women with a recent GDM.
Additionally, the finding that systemic hormonal contraceptive use during the first postpartum year
is associated with increased LDL-C levels highlights the importance of individualized
contraceptive counseling. Understanding the potential metabolic effects of different contraceptive

options may allow for more informed decision-making, particularly in women at higher
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cardiometabolic risk. Finally, the association between older maternal age and higher LDL-C levels
at 12 months PP suggests that age-related metabolic changes, often studied outside of pregnancy,
may also contribute to postpartum dyslipidemia. These findings highlight a potential opportunity
to predict LDL-C at 12 months based on early PP lipid screening, allowing for identification of PP

women at risk of elevated LDL-C one year following delivery .
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Tables and Figures

Table 1: Demographic and clinical characteristics of the participants

Characteristics Value
Mean + SD
Age at screening, years 33+£5
0.33 +13.01
Postpartum Weight Change from 6 weeks to 12 months, 1bs. 0.9 (-8.9-9.0)
Median (IQR), kg/m?
Pre-pregnancy BMI 28.3 (25.7-32.9)
BMI at 6-week postpartum visit 30.0 (26.6-34.5)
n (%)
Education
Below College Graduate 55 (45)
College Graduate 67 (55)
Income
< $35,000 23 (19)
> $35,000 99 (81)
Race and/or Ethnicity?
Hispanic 41 (33)
White 61 (49)
Black/African American 23 (19)
Asian 24 (19)
Other 16 (13)
Systemic Hormonal Contraceptive Use at 6 weeks (Yes) 22 (18)
Continued Systemic Hormonal Contraceptive Use (6 weeks to
12 months) (Yes) 15 (12)
Breastfeeding Status at 6 weeks postpartum (Yes) 93 (76)
Continued Breastfeeding from 6 weeks to 12 months
postpartum (Yes) 37 (36)

aNational Institute of Health 2024 definitions of race and ethnicity were used*
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Table 2: Metabolic parameters at 6-week PP visit

Metabolic Parameters at 6-week PP visit
(Median, IQR) mg/dL
LDL-C
HDL-C
Total Cholesterol
Triglycerides
2-hour Postprandial Glucose
(Mean + SD) mg/dL.
Fasting Blood Glucose

Value

111.0 (89.0-131.0)
55.0 (45.0-65.0)
193.5 (169.0-218.0)
100.0 (73.0-147.0)
104.0 (87.0-128.0)

88.4+11.0

Table 3: Univariate regression analysis of early PP predictors of 12-month PP LDL-C

LDL-C at 12
Predictors
months (mg/dL)
Age at screening (years) 1.69
Race (White) -4.92
Pre-pregnancy BMI (kg/m?) 0.2
BMI at 6 weeks postpartum
-0.04
(kg/m?)
Breastfeeding at 6 weeks (Yes) -0.99
mg/dL (6-week PP)
LDL-C 0.65
HDL-C -0.03
Triglycerides 0.04
Fasting Blood Glucose -0.63
2 hours Post-Prandial Glucose -0.01
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95% CI (Lower, Upper) P-value

(0.68,2.71) 0.001
(-16.26, 6.42) 0.39
(-0.79, 1.20) 0.69
(-1.08, 1.00) 0.94
(-14.35, 12.37) 0.88
(0.56, 0.74) <0.001
(-0.37, 0.32) 0.87
(-0.05, 0.14) 0.33
(-1.14, -0.13) 0.01
(-0.20, 0.19) 0.96



Table 4: Model Fit Statistics for Backward Stepwise Multivariable Linear Regression Models

Predicting LDL-C at 12 Months Postpartum

Model Adjusted R* AIC Root MSE
Model 1 0.615 1074.246 19.601
Model 2 0.627 1071.36 19.293
Model 3 0.618 1073.409 19.534
Model 4 0.633 884.318 19.654

Note:

Model 1 included variables from univariate analyses with p<0.20: age at screening, calculated
LDL-C at 6 weeks, HDL-C at 6 weeks, and fasting blood glucose at 6 weeks.

Model 2 incorporated all proposed predictor variables: age at screening, race, pre-pregnancy BMI,
BMI at 6 weeks, calculated LDL-C at 6 weeks, triglyceride levels at 6 weeks, HDL-C at 6 weeks,
fasting blood glucose at 6 weeks, 2-hour post-OGTT at 6 weeks, and current breastfeeding status
at 6 weeks.

Model 3 included all Model 2 variables but applied log transformations to pre-pregnancy BMI,
LDL-C, HDL-C, and triglyceride levels.

Model 4 expanded Model 2 by adding three additional variables, changes in postpartum weight
from 6 weeks to 12 months, continued systemic hormonal contraceptive use, and continued
breastfeeding status from 6 weeks to 12 months.
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Table 5: Best-Fit Models for Predictors of LDL-C Levels at 12 Months Postpartum Amonsug

Women with Recent Gestational Diabetes

LDL-C at
Models Significant Predictor Variables 12 months
(mg/dL)
Currently Breastfeeding at 6 013
Model 2 weeks
LDL-C at 6 weeks 0.66
Age at screening 0.82
Currently Breastfeeding at 6
weeks -10.69
Model 4 LDL-C at 6 weeks 0.63

Systemic Hormonal
Contraceptive Use (6 Week to 12 14.67
Months)

95% CI (Lower,
Upper)
(-17.34,-0.932)

(0.57, 0.76)
(0.0, 1.60)

(-19.71, -1.67)

(0.53, .744)

(3.26, 26.08)

Z-sCcore

-2.21

14.33
2.12

-2.35

11.68

2.55

P-value

0.03

<0.001
0.04

0.02

<0.001

0.01

Note: Only Model 2 (Primary Aim) and Model 4 are depicted here, as Model 2 was the final
selected model based on model fitness criteria. Model 4 represents an extension of Model 2 for the

secondary aim.
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Figure 1: Consolidated Standards of Reporting Trials (CONSORT Diagram)

Attended Baseline Visit

N= 187
DNQ due to (N=6):
e T2DM (n=2)
P . PP BMI <24 kg/m?(n= 3)
v e Acromegaly (n=1)

Randomized at 6 weeks
Postpartum (PP)

N=181
No longer eligible/LTFU (N=16):
p Pregnancy (n = 11)
e T2DM (n = 3)
« Medication related (n=2)
\ 4
Eligible for 12-month
time-point
N=165
Missing Lipid values (N=41):
» Only 6-week lipid missing (n=2)
» Only 12 months lipid missing (n=38)
v » Both 6-week & 12month lipid missing (n=1)

Paired lipid profile available
both at 6 weeks & 12

months PP
N= 124
Excluded for secondary analysis (N=2):
p On Statin (n=1)
» Underlying Genetic Condition (n=1)
\ 4
Final N for Secondary
Analysis = 122

60



Figure 2: LDL-C at 12 months PP vs. LDL-C at 6-weeks PP
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Supplementary Materials

S.Table 1: Comparison of Demographic and Clinical Characteristics Between Included and
Excluded Participants

Characteristics Included (N=122) Excluded (N=42)
Median (IQR)®
Age at screening, years 33 (30-37) 33 (29-35)
Postpartum Weight Change from 6 weeks to 12 0.90 (-8.9-9.0) 1.5 (-11.3-8.6)
months, 1bs.
Pre-pregnancy BMI, kg/m? 28.3 (25.7-32.9) 29.0 (24.2-34)
BMI at 6-week postpartum visit, kg/m? 30.0 (26.6-34.5) 31.0 (26.4-35.2)
n(%)
Education
Below College Graduate 55 (45) 18(46)
College Graduate 67 (55) 21(54)
Income
< $35,000 23 (19) 9(21)
> $35,000 99 (81) 33(79)
Race and/or Ethnicity?
Hispanic 41 (33) 17(40)
White 61 (49) 22(54)
Black/African American 23 (19) 6(15)
Asian 24 (19) 6(15)
Other 16 (13) 7 (17.08)
Systemic Hormonal Contraceptive Use at 6
weeks (Yes) 22 (18) 10(24)
Continued Systemic Hormonal Contraceptive 11(26)
Use (6 weeks to 12 months) (Yes) 15 (12)
Breastfeeding Statu(s%( aets weeks postpartum 93 (76) 26(65)
Continued Breastfeeding from 6 weeks to 12 1 (33)
months postpartum (Yes) 37 (36)

2 National Institute of Health 2024 definitions of race and ethnicity were used.*

b All continuous variables are presented as median and interquartile range (IQR) to
facilitate comparability between the two groups.
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Summary of Paper 1 and Paper 2 Conclusions

Paper 1 demonstrates that moderate social vulnerability is associated with higher postpartum
weight retention (PPWR) at 12 months in women with recent GDM, suggesting that structural
barriers may contribute to long-term health risks, as higher PPWR is predictive of adverse
cardiometabolic outcomes. While the highest SVI tertile did not reach statistical significance, the
coefficient remained positive and similar to second tertile (Moderate SVI). The lack of significance
could be possibly due to community support programs like WIC, SNAP or a small sample size.
These findings highlight the need for further exploration of social determinants in postpartum
health and targeted interventions to reduce the risk of T2DM and improve long-term health

outcomes.

Paper 2 reveals that LDL-C at 6 weeks is a significant predictor of LDL-C at 12 months,
suggesting a potential opportunity for early lipid screening and management. Breastfeeding at 6
weeks is associated with lower LDL-C at 12 months, while systemic hormonal contraceptive use
is linked to increased LDL-C, highlighting the importance of individualized counseling. Older
maternal age is also associated with higher LDL-C, suggesting that metabolic changes influence
postpartum lipid levels. These findings support 6-week postpartum lipid screening as an
opportunity for early risk identification and lifestyle interventions to improve long-term

cardiometabolic health.
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Discussion and Perspectives

Both studies focus on cardiometabolic health in women with recent GDM. Paper 1 uses the CDC’s
validated SVI to assess structural health inequities, applies advanced statistical adjustments, and
categorizes SVI into tertiles to improve comparability in a small sample. Paper 2 highlights the
opportunity for early postpartum lipid screening to assess one year LDL-C risk, employing robust
statistical methods (AIC, Adjusted R?, RMSE) for model selection and considering key factors like

breastfeeding and contraceptive use.

Both studies are limited by their observational design, small sample sizes, and potential selection
bias. Missing weight and lipid data at 12 months may introduce bias, while post-hoc analysis risks
residual confounding. Paper 1 may also face recall bias from self-reported weight and lacks
objective lifestyle measures, whereas Paper 2 does not assess breastfeeding frequency or specific

hormonal contraceptive formulations.

Both studies underscore the need for further investigation to enhance postpartum care and long-
term metabolic health in women with recent GDM. Paper 1 emphasizes the need to explore how
social determinants of health influence postpartum outcomes through longitudinal studies and
objective lifestyle assessments to inform targeted interventions. Paper 2 highlights the importance
of expanding predictive models and geographically diverse studies to validate early lipid screening
for long-term LDL-C risk. Additionally, further investigation into the metabolic effects of specific
hormonal contraceptives and the development of interventions focused on lifestyle modifications

and breastfeeding counseling could help mitigate LDL-C elevation in this high-risk group.
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