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Objective: This study explores the relationship between Life’s Essential 8 (LES8) score and gestational diabetes mellitus (GDM),
subsequent diabetes, and mortality, and analyzes the mediating effects of platelet-related indicators and inflammatory markers.
Methods: The study utilized cohort, data from the Nutrition Examination Survey (NHANES), applying logistic regression models and
mediation effect analysis to assess the associations between LE8 score and GDM. Potential confounding factors such as age, race,
education, PIR, health insurance, and access to healthcare were adjusted to ensure the reliability of the results. Linear mediation
analysis, conducted using the “mediation” package with 1000 bootstrap replications, quantified the mediating roles of mean platelet
volume (MPV), white blood cell (WBC), and lymphocyte (LYM) counts.

Results: We analyzed data from the NHANES from 2007 to 2018, involving 59,842 participants. Among them, 858 had a history of
GDM. Each unit increase in LE8 score reduced GDM odds by 3%. High Cardiovascular health (CVH) individuals exhibited 70%
lower GDM risk versus low CVH. WBC (5.8%), LYM (4.8%), and MPV (0.6%) partially mediated LES8-GDM associations,
highlighting inflammation’s mechanistic role. High LES8 scores predicted 94% lower diabetes risk post-GDM. Mortality analysis
revealed a U-shaped association between LE8 scores and mortality risk, with borderline evidence of nonlinearity (P = 0.069).
Conclusion: As the first study to integrate CVH metrics with platelet/inflammatory biomarkers in GDM pathogenesis, our findings
demonstrate that optimizing LE8 scores, particularly through BMI, blood pressure, and lipid control, significantly mitigates GDM risk
and complications. Integrating LES assessment at first prenatal visit may enable early risk stratification and personalized interventions.
Keywords: gestational diabetes mellitus, life’s essential 8 score, mean platelet volume, inflammatory biomarkers, mediation effect
analysis

Introduction

Gestational diabetes mellitus (GDM) is a common metabolic disorder during pregnancy, affecting approximately 2% to
10% of pregnant women worldwide." GDM is closely linked to maternal and fetal complications during pregnancy, such
as hypertension, preterm birth, and large-for-gestational-age infants, and it also increases the risk of developing type 2
diabetes in the future for the mother.”™* With the rising global prevalence of diabetes, the prevention and early detection
of GDM have become increasingly important issues in public health and clinical medicine.” However, current GDM
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screening methods typically focus on monitoring blood glucose levels during pregnancy, often overlooking other factors
influencing glucose metabolism, particularly Cardiovascular health (CVH).

The Life’s Essential 8 (LES) score is a new CVH assessment tool recently introduced.®® It evaluates individual CVH
by comprehensively assessing eight core health indicators: diet, physical activity, body weight, blood sugar, lipid levels,
blood pressure, smoking status, and sleep quality.” Compared to previous Life’s Simple 7 models, the LES score provides
a more comprehensive and updated framework that considers sleep and improves diet and glycaemic control indicators,
particularly relevant factors during pregnancy.'® Increasing research indicates that good CVH effectively reduces the risk
of cardiovascular diseases (CVD) and may also play a positive role in preventing metabolic conditions such as diabetes."'
GDM shares many pathophysiological pathways with CVD, including insulin resistance, chronic inflammation, endothe-
lial dysfunction, and dyslipidemia.'*'* Recent studies have preliminarily demonstrated an association between optimal
CVH and a lower prevalence of GDM.'*!3 Therefore, risk prediction models incorporating CVH indicators may improve
the early identification and prevention of GDM.

Although CVH metrics like LES are known to influence the risk of diabetes,'® the specific mediating biological
pathways that link them to the pathogenesis of GDM are unknown. As a crucial regulatory factor in metabolic diseases,
platelet activity has been confirmed to be abnormally activated throughout the entire diabetes development.'” Basic

18,19 not

research indicates that platelets, through the release of active mediators such as thromboxane A2 and P-selectin,
only directly participate in insulin resistance and vascular endothelial dysfunction but also form a bidirectional regulatory
network with chronic low-grade inflammation*’—a pathological feature highly overlapping with the core pathogenesis of
GDM.?! Notably, biological markers reflecting platelet production rate and activation status, such as mean platelet
volume (MPV), potentially exacerbate glucose metabolic disorders through enhanced platelet-endothelial cell
interactions.'> Further research reveals that abnormal platelet activity, in conjunction with the synergistic elevation of
inflammatory factors, constitutes a typical microenvironment characteristic of GDM,?*** with this platelet-inflammatory
axis playing a key bridging role in mediating the association between CVH and GDM risk.>* Critically, our study
identifies and mechanistically demonstrates for the first time the platelet-inflammation axis as a central, novel bridge
between CVH (quantified by LES8) and increased GDM risk.

This study investigates the association between LE8 scores and GDM through the NHANES conducted from 2007 to
2018. It also analyzes whether platelet-related indicators and inflammatory markers mediate the relationship between
LES scores and GDM. Additionally, the study explores the relationship between LES8 scores and the combined risk of
GDM with type 2 diabetes mellitus (T2DM) and post-GDM mortality. We hypothesize that improving CVH (increasing
LES8 scores) can indirectly reduce the risk of GDM and help lower the risk of T2DM and mortality following GDM. The
goal is to provide clinicians with more comprehensive tools for GDM screening, particularly by integrating CVH
assessments, platelet activity markers, and inflammatory markers to offer more precise strategies for personalized

prevention and management of gestational diabetes.

Methods
Study Population

This study’s data were sourced from the NHANES, a comprehensive population-based survey designed to collect data on
the civilian noninstitutionalized US population. Since 1999, NHANES has collected data from approximately 10,000
individuals every two years, utilizing a multi-stage probability sampling design to obtain a representative sample of
noninstitutionalized American households.”> The current study’s population is drawn from four “continuous NHANES”
cycles (2007/2008, 2009/2010, 2011/2012, 2013/2014, 2015/2016, 2017/2018), with an initial cohort of 59,842 partici-
pants. First, individuals younger than 20 years (n = 41,935) were excluded, leaving 17,907 females aged >20 years or
older. Next, participants without data on a history of gestational diabetes mellitus (GDM) were excluded (n = 5097),
resulting in 12,810 individuals with GDM history data. Subsequently, those lacking data on Life’s Essential 8 were
excluded (n = 1811), yielding a final primary analysis sample of 10,999 participants. Within this final sample, 858
participants had a history of GDM, while 10,141 participants had no history of GDM (Figure 1).
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NHANES participants from 2007-2018
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Figure | Flow chart for the selection of participants in this study.
Abbreviations: NHANES, Nutrition Examination Survey; LE8, Life’s Essential 8; GDM, gestational diabetes mellitus.

Definition of Gestational Diabetes

The reproductive health questionnaire in NHANES defines GDM. GDM is diagnosed based on the question, “During
your pregnancy, was a doctor or other health professional ever told you that you had diabetes, sugar diabetes, or
gestational diabetes?” Additionally, the questionnaire specifies, “Please do not include diabetes that you may have known
about before your pregnancy”. Women are considered to have GDM if they answer “yes” when asked if they were
previously diagnosed with GDM during a medical screening or if they were told by a health professional that they had
GDM.*

Definition of Diabetes with a GDM History

Based on previous research,”’ among individuals not currently pregnant, diabetes is diagnosed if any of the following
conditions are met: (1) answering “Yes” to the questionnaire item “Apart from during pregnancy, has a doctor or
healthcare professional ever told you that you have diabetes or sugar diabetes?”; (2) HbAlc level > 6.5%; (3) fasting
glucose (mmol/L) > 7.0; (4) two-hour oral glucose tolerance test (OGTT) blood glucose (mmol/L) > 11.1.

Definition of Death

The mortality follow-up data in this study were obtained from the death records database publicly released by the
National Health Center (NHC) in 2019.%® The follow-up period was calculated from when the participants completed
their baseline examination at the Mobile Examination Center (MEC) to the date of death or the end of follow-up
(December 31, 2019), whichever occurred first.
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Measurement of Life’s Essential 8 Scores

The LES8 score includes four health behaviors (diet, physical activity, nicotine exposure, and sleep health) and four health
factors (body mass index, non-high-density lipoprotein cholesterol, blood glucose, and blood pressure).2’ The LE8 scores
for each indicator, calculated using NHANES data, have been previously published.>® The detailed algorithm for
calculating the LES score has been thoroughly described in previous literature.®' First, each CVH metric is scored on
a scale of 0 to 100. Second, the overall LE8 score is the arithmetic mean of these eight metrics, ranging from 0 to 100.
Participants are then categorized into three LES health categories: 80—100 is considered high CVH, 50-79 is considered
moderate CVH, and 0—49 indicates low CVH. Health behavior and health factor classifications are also determined using
the aforementioned method.

Dietary scores are assessed using the Healthy Eating Index-2015 (HEI-2015) quintile. HEI-2015 scores are calculated
based on dietary intake, with data collected through two 24-hour nutritional recalls combined with United States
Department of Agriculture(USDA) food pattern equivalents. Per week, physical activity scores are measured by self-
reported minutes of moderate (or higher) intensity activity, derived from frequency and duration of vigorous or moderate
level activities over the past 30 days. Nicotine exposure scores are calculated based on smoking status (never smoker,
former smoker, and current smoker) and years since quitting smoking. Sleep health scores are measured by self-reported
average hours of sleep per night. The four health factors are scored according to their respective criteria. Height, weight,
and blood pressure are measured during physical examination. BMI is calculated as weight (kg) divided by height (m)
squared. Blood pressure is determined by the average reading of three consecutive measurements. Blood lipid, plasma
glucose, and HbA lc determinations are based on blood samples analyzed at a central laboratory.>?

Measurement of Mediators

According to the NHANES protocol for the 2007-2018 cycle, peripheral blood samples obtained from the NHANES
Mobile Examination Centers (MEC) were analyzed for hematocrit counts using Beckman Coulter counting and sorting
methods, combined with automated dilution and mixing equipment, and hemoglobin measurements using a single-beam
photometer. In this study, inflammatory biomarkers of the examined participants included white blood cell (WBC) count,
neutrophil (NEU) count, lymphocyte (LYM) count, platelet (PC) count, and mean platelet volume (MPV). The LYM,
NEU, and PC count units were 10° cells/L.*

Covariates

This study collected sociodemographic and lifestyle factors and adjusted sociodemographic characteristics, including
age, race, education, access to healthcare, health insurance, and the ratio of household income to the poverty threshold
(PIR). Racial categories include Mexican American, non-Hispanic Black, non-Hispanic White, other Hispanic, and
multiracial. Educational attainment categories include less than 9th grade, 9th to 11th grade, high school graduate/GED
or equivalent, some college or associate degree, and college graduate or higher.

Statistical Analysis
Categorical variables were reported as percentages, and differences between groups were compared using chi-square tests.
Continuous variables that did not meet standard distribution criteria were presented as a median and interquartile range
[median (25th, 75th)], with group differences assessed using the Wilcoxon rank-sum test. Multiple imputation by chained
equations (MICE) to impute missing covariate data. Initially, we evaluated the association between LE8 score and GDM
history using logistic regression with three models: Crude model (unadjusted), Model 1 (adjusted for age), and Model 2
(further adjusted for race, education, PIR, health insurance, and access to healthcare). The LES score was analyzed as
a continuous and three-category variable, with results presented as odds ratios (ORs) and 95% confidence intervals (CIs).
Restricted cubic splines (RCS) were used further to investigate potential nonlinear associations between LE8 score and GDM.
Additionally, the study examined the potential mediating effects of a series of clinical indicators (MPV, PC, WBC,
LYM, NEU count) on the association between LE8 score and GDM, using the “mediation” package for mediation
analysis, with 1000 bootstrap applications. We systematically tested the fundamental assumptions of the mediation
model. Specifically: (1) The assumption of linearity between variables was tested using regression analysis, and the
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results indicated that the prerequisite for a linear model was met. (2) Guided by existing literature and theory, we
included a series of potential confounding variables as covariates in the mediation model to reduce potential bias from
omitted variables. Considering the relationship between GDM history and subsequent diabetes, the association between
LES8 score and post-GDM diabetes risk was further analyzed using logistic regression and RCS. We also conducted a Cox
proportional hazards regression model to explore the association between LE8 score and subsequent mortality risk in
GDM patients, presenting results as hazard ratios (HRs) and 95% Cls. The proportional hazards assumption of the Cox
model was tested using Schoenfeld residuals, which were satisfied. Furthermore, we performed subgroup analyses and
assessed interactions between stratification variables and LES scores concerning outcomes. This study used R software
(version 4.3.1) for data analysis, with a two-sided P value < 0.05 indicating statistical significance.

Result

Baseline Data and Population Characteristics

This study included 10,999 participants (858 in the GDM group and 10,141 in the non-GDM group). The median age of the
GDM group (45 years) was significantly lower than that of the non-GDM group (54 years) (P < 0.001). Participants in the
GDM group were more likely to be non-Hispanic white or Mexican American and had higher educational levels (P < 0.05).
Additionally, the rate of healthcare access was slightly lower in the GDM group compared to the non-GDM group (88.1% vs
90.3%, P = 0.049). The total LE8 score was significantly lower in the GDM group compared to the non-GDM group (62.82 vs
65.52, P < 0.001). Regarding inflammatory markers, the GDM group had substantially higher MPV (8.29 fl vs 8.21 fl, P =
0.028), PC, WBC, LYC, and NEU count (P < 0.001) (Table 1).

Table | Basic Characteristics and Laboratory Data for Study Population Stratified by History of GDM

Characteristics Overall Non-GDM GDM P value
Number of participants 10999 10,141 858

Age (Median (interquartile range)) 53.00 [39.00, 66.00] | 54.00 [40.00, 67.00] | 45.00 [37.00, 55.00] | <0.001l
Race (%) <0.001
Mexican American 1673 (15.2) 1497 (14.8) 176 (20.5)

Non-Hispanic Black 2497 (22.7) 2327 (22.9) 170 (19.8)

Non-Hispanic White 4607 (41.9) 4302 (42.4) 305 (35.5)

Other Hispanic 1241 (11.3) 1146 (11.3) 95 (11.1)

Other Race - Including Multiracial 981 (8.9) 869 (8.6) 112 (13.1)

Education (%) 0.008
Less Than 9th Grade 1069 (9.7) 996 (9.8) 73 (8.5)

9-11th Grade 1589 (14.4) 1459 (14.4) 130 (15.2)

High School Grad/GED or Equivalent 2535 (23.0) 2372 (23.4) 163 (19.0)

Some College or AA degree 3521 (32.0) 3209 (31.6) 312 (36.4)

College Graduate or above 2285 (20.8) 2105 (20.8) 180 (21.0)

PIR (Median (interquartile range)) 2.22 [1.12, 3.58] 2.24[1.13, 3.57] 2.02 [1.06, 3.58] 0.169
Health insurance (%) 0.157
Yes 9059 (82.4) 8368 (82.5) 691 (80.5)

No 1940 (17.6) 1773 (17.5) 167 (19.5)

Access to healthcare (%) 0.049
Yes 9910 (90.1) 9154 (90.3) 756 (88.1)

No 1089 (9.9) 987 (9.7) 102 (11.9)

LE 8 score (mean (SD)) 65.31 (15.10) 65.52 (15.05) 62.82 (15.45) <0.001
Mean platelet volume (fl, mean (SD)) 8.22 (0.95) 8.21 (0.96) 8.29 (0.91) 0.028
Platelet count (1000 cells/ul, mean (SD)) 256.67 (66.60) 255.87 (66.31) 266.02 (69.35) <0.001
White blood cell count (1000 cells/ul, mean (SD)) 7.28 (2.29) 7.25 (2.29) 7.73 (2.28) <0.001
Lymphocyte number (1000 cells/ul, mean (SD)) 2.22 (1.00) 2.21 (1.02) 2.36 (0.76) <0.001
Neutrophil number (1000 cell/ul, mean (SD)) 429 (1.74) 4.26 (1.73) 4.61 (1.81) <0.001

Notes: Non-normally distributed continuous variables are presented as medians (interquartile range), normally distributed continuous variables are
presented as means (SD), and categorical variables are percentages (%).
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Table 2 Association of LE 8 Score and History of Gestational Diabetes (n = 10,999)

Characteristics Crude Model Model | Model 2

OR (95% Cl) | P value | OR (95% CI) | P value | OR (95% Cl) | P value
LE 8 score
Continuous 0.99(0.98, 0.99) | <0.001 0.98(0.97, 0.98) | <0.001 0.97(0.97, 0.98) | <0.001
Low CVH [0,50) Ref Ref Ref
Moderate CVH [50,80) | 0.76(0.64, 0.91) 0.002 0.65(0.54, 0.78) | <0.001 0.58(0.48, 0.70) | <0.001
High CVH [80,100] 0.54(0.43, 0.69) | <0.001 0.37(0.29, 0.48) | <0.001 0.30(0.23, 0.39) | <0.001

Notes: Model | adjusted for age; Model 2 further adjusted for race, education, PIR, health insurance, and access to healthcare.

Analysis of the Association Between LE8 and GDM Risk

Table 2 presents the association between LE8 scores and GDM history. After adjusting for multiple confounding factors,
it was found that with increasing LE8 scores, the prevalence of GDM significantly decreased (OR = 0.97). When the LES
score was treated as a categorical variable, the likelihood of high CVH was reduced by 70% compared to the low CVH
group (OR = 0.30). Further analysis using restricted cubic splines (RCS) to explore the relationship between LE8 scores
and GDM revealed a clear linear association (P for overall < 0.0001, nonlinear association was observed = 0.3803)
(Figure 2A). When analyzing based on the eight components of LE8, more pronounced associations were observed
between lipid levels, blood pressure, BMI, and GDM history (Figure 3 and Supplementary Table 1). In subgroup analyses
(Figure 4), the relationship between LE8 scores and GDM history across different populations was examined. This
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Figure 2 Analysis of the association between LE8 score and the prevalence of (A) GDM, (B) diabetes mellitus among women with a history of GDM, and (C) mortality risk
in women with a history of GDM using the restricted cubic spline. Model adjusted for age, race, education, PIR, health insurance, and access to healthcare.
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Figure 3 Association of each component of LE 8 with the history of GDM. Model adjusted for age, race, education, PIR, health insurance, and access to healthcare.
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Subgroup No of participants OR(95%CIl) P for interaction
Age 0.7
Younger - 8038 0.98(0.98,0.98)

Older —— 2961 0.98(0.96,1.00)

Education level 0.31
College or above —- 5806 0.98(0.97,0.98)

High School Grad/GED or Equivalent —il— 2535 0.98(0.97,0.99)

Less than high school —— 2658 0.99(0.98,1.00)

PIR 0.968
<0.99 —— 2263 0.98(0.97,0.99)

>0.99 = 8736 0.98(0.97,0.98)

Covered by health insurance 0.608
Yes = = 9059 0.98(0.97,0.98)

No —— 1940 0.98(0.97, 0.99)

Access to healthcare 0.822
Yes - 9910 0.98(0.98,0.99)

No —— 1089 0.98(0.96,0.99)

r T 1
0.95 1 1.05

Figure 4 Subgroup analysis of the association between LE8 score and history of GDM.

analysis found no significant differences in the protective effect of LE§ on GDM risk among subgroups defined by age,
education level, PIR, health insurance, and access to healthcare services (P for interaction > 0.05), providing evidence for
regression model development.

This trend is also observed in diabetic patients with a history of GDM. Upon further analysis of the association
between LES8 scores and the presence of diabetes mellitus in female participants with a history of GDM, it was similarly
found that the high CVH group had a significantly lower prevalence of diabetes compared to the low CVH group (OR =
0.06). The trend remains significant after adjusting for potential confounders such as age, race, education, PIR, health
insurance, and access to healthcare services. RCS analysis reveals a linear association (P < 0.001) (Table 3). This
significant linear association was also observed between the two in the RCS (Figure 2B).

The Intermediary Effect of Inflammatory Mediators

In the mediation analysis, it was observed that MPV, WBC count, and LYM count exhibited significant mediating effects
on the association between LES score and history of GDM (P < 0.05). The proportion mediated by WBC count was the
highest at 5.8%, followed by LYM count at 4.8% and MPV at 0.6% (Figure 5).

Long-Term Prognosis Outcome Tracking
Table 4 demonstrates the association between LES8 scores and mortality risk among participants with a history of GDM.
In unadjusted models (HR=0.95, 95% P<0.001), age-adjusted models (HR=0.96, P<0.001), and further adjusted models

Table 3 Association of LE 8 Score and the Presence of Diabetes Mellitus in Female Participants with
a History of GDM (n = 835)

Characteristics Crude Model Model | Model 2

OR (95% ClI) | P value | OR (95% CI) | P value | OR (95% Cl) | P value
LE 8 Score
Continuous 0.94(0.93, 0.95) | <0.001 0.94(0.93, 0.95) | <0.001 0.94(0.93, 0.95) | <0.001
Low CVH [0,50) Ref Ref Ref
Moderate CVH [50,80) | 0.28(0.20, 0.41) | <0.001 0.30(0.20, 0.43) | <0.001 0.30(0.20, 0.45) | <0.001
High CVH [80,100] 0.04(0.02, 0.08) | <0.001 0.05(0.02, 0.10) | <0.001 0.06(0.03, 0.12) | <0.001

Notes: Model | adjusted for age; Model 2 further adjusted for race, education, PIR, health insurance, and access to healthcare.
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IE: -0.00003, IE: -0.00008, IE: -0.0003
95%CI: -0.00008 to -0.000001, P= 0.045 95%CI: -0.0002 to 0.00006, P=0.229 95%CI: -0.0006 to -0.00001, P=0.040

WBC count

Proportion of mediation:
0.6%, P=0.045

Proportion of mediation:
5.8%, P=0.040

Proportion of mediation:
1.6%, P=0.229

Life's
Essential 8

Life's
Essential 8

DE: -0.005, DE: -0.005 DE: -0.004
95%CI: -0.007 to -0.004, P<0.001 95%CI: -0.007 to -0.004, P<0.001 95%CI: -0.006 to -0.003, P<0.001

IE: -0.0003 IE: -0.0003
95%CI: -0.0005 to -0.00004, P=10.020 95%CI: -0.0005 to 0.00002, P=10.079

Lymphocyte
count

Neutrophil
count

Proportion of mediation:
4.8%, P=0.020

Proportion of mediation:
4.5%, P=0.079

Life's
Essential 8

Life's
Essential 8

DE: -0.005 DE: -0.005
95%CI: -0.006 to -0.003, P<0.001 95%CI: -0.007 to -0.004, P<0.001

Figure 5 The role of a series of CBC results in mediating the association between LE8 score and GDM. IE is the estimate of the indirect effect; DE is the estimate of the
direct effect. Model adjusted for age, race, education, PIR, health insurance, and access to healthcare.

accounting for race, education, and health insurance (HR=0.97, P=0.005), LES8 scores consistently showed significant
protective effects. Compared to moderate CVH (50-79), individuals with low CVH (0-49) exhibited significantly
increased mortality risk (HR=3.09). However, those with high CVH did not show a significant change in mortality
risk compared to those with moderate CVH (P>0.05). RCS showed a U-shaped trend between LE8 and mortality risk in
GDM patients (P for overall=0.003, P for non-linearity=0.069) (Figure 3C).

Discussion
This study systematically elucidates the complex association between the LE8 score and the risk of GDM and its related
prognostic outcomes for the first time. Through multidimensional analysis of 10,999 samples from the US NHANES
cohort, we confirmed a significant negative correlation between LES score and GDM, with this protective effect being
particularly pronounced in the low BMI subgroup. Inflammatory biomarkers (MPV, WBC, NEU, and NLR count) were
significantly elevated in women with a history of GDM, highlighting the critical role of inflammation in developing
GDM. More importantly, inflammatory biomarkers were found to mediate the association between LE8 and GDM,
providing new biological insights into the pathological mechanisms by which CVH impacts glucose metabolism.
Additionally, this study found that improving CVH (by increasing the LE8 score) is crucial for preventing GDM and
its long-term consequences, including diabetes and mortality, through reducing inflammation.

Previous studies have primarily focused on the impact of single metabolic indicators on GDM,*** and earlier studies
on CVH and GDM mainly relied on the LE 7 framework.'® In contrast, our study represents the first application of the
updated LE8 score in GDM pathogenesis. The LE8’s novel inclusion of sleep health provides a more granular assessment

Table 4 LE 8 Score and Risk of Mortality in Female Participants with a History of GDM (n = 835)

Characteristics Crude Model Model | Model 2

HR (95% CI) | P value | HR (95% CI) | P value | HR (95% CI) | P value
LEIl 8 Score
Continuous 0.95(0.93, 0.97) | <0.001 | 0.96(0.94, 0.98) | <0.001 | 0.97(0.94, 0.99) 0.005
Moderate CVH [50,80) Ref Ref Ref
Low CVH [0,50) 4.12(2.05, 8.29) | <0.001 3.47(1.72, 7.00) | <0.001 3.09(1.45, 6.61) 0.004
High CVH [80,100] 0.36(0.05, 2.75) 0.325 0.61(0.08, 4.76) 0.639 0.62(0.08, 4.98) 0.65

Notes: Model | adjusted for age; Model 2 further adjusted for race, education, PIR, health insurance, and access to healthcare.
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of metabolic vulnerabilities during pregnancy. Our findings indicate that BMI, blood pressure control, and lipid
metabolism indicators in the LE8 score contribute most significantly to predicting GDM risk, highlighting the central
role of body composition regulation and vascular homeostasis in maintaining glucose tolerance during pregnancy.

Previous research has established a connection between CVH and diabetes, but detailed mechanistic explorations on
how improving CVH can reduce the risk of GDM are lacking.'**® Unlike LE7 studies that focused on CVD endpoints,'>
we mechanistically linked LE8 to GDM through platelet-immune crosstalk (MPV/WBC-mediated effects), a pathway
previously unexplored in gestational metabolic dysregulation. It has been shown that GDM is a chronic low-grade
inflammation in the pathophysiologic process.®” Most studies support that a significant increase in WBC in early and
mid-pregnancy may be a clinical feature of abnormal glucose metabolism.*® Inflammation can trigger vascular injury and
dysfunction, and activate platelet activation and aggregation. Therefore, platelet-related indicators may indirectly reflect
the inflammatory state. Current studies have shown that platelets are not significantly correlated with GDM.*® Instead,
MPV may be a potential early predictor of GDM as an indicator for evaluating platelet morphology and activity;
Elevated MPV (>7.38 fl) in early pregnancy was found to be a valid predictor of GDM (AUC 0.577 and 0.704,
respectively).*” Elevated MPV at 24-28 weeks of gestation was an independent risk factor for the development of
GDM (OR 1.56 and 4.0, AUC = 0.639, respectively).*'"** We observed by mediation analysis that MPV, WBC count, and
LYM count exhibited significant mediation in the association between LE8 score and history of GDM (P < 0.05), with
the highest proportion of mediation by WBC count (5.8%), 4.8% by LYM count, and 0.6% by MPV, further suggesting
that improvement in cardiovascular health may be achieved by in turn reducing vascular endothelial damage and
inflammatory responses, ultimately reducing the incidence of GDM. This finding provides a novel clinical perspective,
suggesting that in the prevention and treatment of gestational diabetes mellitus, the assessment of cardiovascular health
and inflammatory indicators should be emphasized in addition to routine glucose monitoring. Our mediation analysis
further establishes that LE8’s protective effects against GDM are partially (5.8-0.6%) but mechanistically driven by
inflammatory biomarkers. This proposes a new paradigm for targeting platelet activity and subclinical inflammation in
GDM prevention.

This study also revealed that the LES score was significantly and negatively associated with the risk of all-cause
mortality in patients with a history of GDM and concomitant diabetes. Our finding mechanistically echoes several
essential studies. The Prognostic Nutritional Index (PNI), a composite indicator of immuno-inflammatory and nutritional
status, is significantly negatively associated with the risk of all-cause mortality (HR=0.90, 95% CI:0.84-0.96) and
cardiovascular disease (CVD) mortality (HR=0.91, 95% CI:0.88-0.94) in GDM patients.** LES, as a health scoring
system covering 8 dimensions such as diet, exercise, and BMI, may play a protective role by improving the above
pathways (elevating serum albumin levels and modulating lymphocyte-mediated inflammatory responses). Longitudinal
cohort studies have shown that a history of GDM increases women’s future risk of type 2 diabetes 7-10 fold and is
independently associated with cardiovascular mortality (HR=1.59, 95% CI:1.03-2.47).* This association stems from
standard pathological mechanisms such as insulin resistance and endothelial dysfunction caused by GDM, and health
behaviors (tobacco control, blood pressure management) in the LE8 score may reduce risk by intervening in these
mechanisms. Notably, a history of GDM alone was weakly associated with mortality, but the risk of all-cause mortality
(HR=2.11, 95% CI:1.21-3.68) and cardiac death (HR=2.46, 95% CI:1.66-3.64) was significantly elevated when
progressing to overt diabetes.*> The study suggests that the modulation of metabolic status by LES score may achieve
mortality reduction by delaying the progression of diabetes, especially in the high-risk subgroup of combined gestational
hypertension and low birth weight.** Similar to the threshold phenomenon (75% risk reduction at PNI=50.75) found in
the PNI study,* similar thresholds (<60) may exist for LES scores, which can be used to identify high-risk populations
for prioritized intervention. This stratified management strategy has been validated in patients with chronic kidney
disease (CKD), with each 10-point improvement in LE8 reducing the risk of all-cause mortality by 17%,*° suggesting its
potential application in the GDM population.

Our findings support using the LES8 score as a practical early GDM risk assessment tool. Because the LES contains
modifiable behavioral and metabolic risk factors, it can be integrated into routine antenatal care, especially for women
who benefit from targeted lifestyle or medical interventions early in pregnancy. Clinicians can implement the LE8
assessment using standardized tools, such as lifestyle factors (diet, activity, sleep), via patient questionnaires and clinical
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measures (BMI, blood pressure, lipids, glucose) from routine laboratory work and physical examination. Embedding the
LES8 score in the electronic health record could further facilitate its use in risk stratification and care planning. In addition,
our study highlights MPV as a potentially helpful biomarker reflecting underlying inflammatory or thrombotic activity.
MPV can be obtained from standard complete blood counts and monitored alongside LE8 metrics to provide a more
nuanced risk map for GDM. In high-risk patients, continuous MPV tracking may help guide the timing and intensity of
preventive interventions. Therefore, combining LE8 scores with traditional GDM screening methods provides a more
comprehensive and effective evaluation system for clinical use, enabling early identification and personalized interven-
tion to reduce the incidence of GDM and subsequent metabolic disease risks.

Although this study ensured robust results through strict multivariable adjustments (including PIR, healthcare
accessibility, and other social determinants), several limitations should be noted. The cross-sectional design makes it
difficult to rule out reverse causality. It necessitates prospective cohort validation with pre-pregnancy baseline data,
particularly examining how the LES8 score functions within intervention measures (diet, exercise, and pharmacotherapy).
Additionally, exploring the relationship between the LES score and other diabetes-related biomarkers (insulin resistance
and insulin secretion) could deepen our understanding of the pathophysiology of GDM. The sample primarily consists of
individuals from the United States, necessitating race-specific validation in regions with high GDM incidence rates, such
as Asia, to further validate the universal applicability of the relationship between CVH and GDM. Future efforts should
establish dynamic intervention models based on the LES score. Moreover, our mediation analysis indicates that improved
CVH may reduce GDM incidence by modulating platelet activation levels, thereby decreasing vascular endothelial
damage and inflammatory responses. This finding offers a new perspective for clinical practice, suggesting that in
preventing and treating GDM, attention should be given to routine blood glucose monitoring and assessing CVH and
inflammatory indicators.

Conclusion

This study reveals a negative correlation between good CVH and the risk of GDM as the first study to integrate and
explore the mediating role of MPV and a series of inflammatory cell markers in this process. It also identifies that good
CVH is associated with better outcomes in GDM patients, such as reduced mortality and lower subsequent incidence of
diabetes. The findings provide a theoretical basis for applying interventions to improve CVH in preventing and managing
GDM, emphasizing the importance of CVH assessment in prenatal diabetes screening. This discovery offers new
directions for future clinical management and preventive strategies of GDM and has significant public health
implications.
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