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Abstract

BACKGROUND: Premature coronary heart disease (CHD) is a major cause of death in women.
We aimed to characterize biomarker profiles of women who developed CHD before and after age
65 years.

METHODS: In the Women’s Health Study (median follow-up 21.5 years), women were grouped
by age and timing of incident CHD: baseline age <65 years with premature CHD by age 65
years (25 042 women; 447 events) and baseline age =65 years with nonpremature CHD (2982
women; 351 events). Associations of 44 baseline plasma biomarkers measured using standard
assays and a nuclear magnetic resonance (NMR)-metabolomics assay were analyzed using Cox
models adjusted for clinical risk factors.

RESULTS: Twelve biomarkers showed associations only with premature CHD and included
lipoprotein(a), which was associated with premature CHD [adjusted hazard ratio (HR) per SD:
1.29 (95% CI 1.17-1.42)] but not with nonpremature CHD [1.09(0.98-1.22)](Pinteraction = 0.02).
NMR-measured lipoprotein insulin resistance was associated with the highest risk of premature
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CHD [1.92 (1.52-2.42)] but was not associated with nonpremature CHD (Binteraction <0.001).
Eleven biomarkers showed stronger associations with premature vs nonpremature CHD, including
apolipoprotein B. Nine NMR biomarkers showed no association with premature or nonpremature
CHD, whereas 12 biomarkers showed similar significant associations with premature and
nonpremature CHD, respectively, including low-density lipoprotein (LDL) cholesterol [1.30(1.20—
1.45) and 1.22(1.10-1.35)] and C-reactive protein [1.34(1.19-1.50) and 1.25(1.08-1.44)].

CONCLUSIONS: In women, a profile of 12 biomarkers was selectively associated with
premature CHD, driven by lipoprotein(a) and insulin-resistant atherogenic dyslipoproteinemia.
This has implications for the development of biomarker panels to screen for premature CHD.

Introduction

Premature coronary heart disease (CHD) is a major driver of disability and death worldwide.
Identifying individuals at risk of premature CHD may guide interventions for cardiovascular
primary prevention and reduce the burden of premature CHD (1). However, the biomarker
risk profile associated with risk of premature CHD is incompletely defined, thereby limiting
efforts to develop biomarker panels for screening and risk prediction.

In the USA, from 1979 to 2011, CHD mortality in women differed by age. Based on the
Centers for Disease Control and Prevention Wide-ranging Online Data for Epidemiologic
Research database, in women <55 years, CHD mortality declined by 4.6% annually from
1979 to 1989, remained flat from 1990 to 1999, and declined by 1.0% from 2000 to 2011
(2). By contrast, CHD mortality in older women declined more from 2000 to 2011 (by 4.5%
in women aged 55-64 years, and by 5.0% in women =65 years (2). In another study using
the CDC Prevention Wide-ranging Online Data for Epidemiologic Research database, from
1999 to 2019, premature mortality in women (ages 18-65 years) due to acute myocardial
infarction (M), a key contributor to CHD, declined by 4.3% annually from 1999 to 2011,
but by 1.9% annually thereafter (3).

Premature CHD may stem from genetic, lifestyle, and community factors including
access to primary prevention, management of acute Ml, and secondary prevention (1,

4, 5). Premature CHD may also stem from incompletely characterized risk profiles

for cardiovascular primary prevention and suboptimal screening. Previous studies have
examined biomarker profiles with non-age-stratified CHD (6-8), reporting overall
associations with CHD. By contrast, there is sparse information specifically on the
associations of biomarkers with premature CHD, in particular for women, which is often
defined as CHD occurring before age 65 years (in men, before age 55 years) (9). To
address these knowledge gaps, we evaluated the associations of 44 biomarkers from
metabolic, inflammatory, and lipid pathways that were measured with a nuclear magnetic
resonance (NMR) metabolomics assay and standard biomarker assays, with premature
and nonpremature CHD among 28 024 women in the prospective Women’s Health Study
(WHS). The objective of the study was to identify biomarker profiles for premature CHD
compared with nonpremature CHD and guide the future development of biomarker panels
for premature CHD screening.
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Materials and Methods

STUDY DESIGN AND POPULATION

We followed the Strengthening the Reporting of Observational Studies in Epidemiology
guideline for cohort studies. The study was approved by the institutional review board at
Brigham and Women’s Hospital, Boston, MA.

The study cohort has been described in detail (10, 11). From April 1993 to January 1996,
WHS randomized 39 876 apparently healthy women aged =45 years separately ina 2 x 2
x 2 factorial design to receive aspirin, vitamin E, and p-carotene or matching placebo, to
assess effects on cardiovascular and cancer outcomes (NCT00000479). The trial ended in
2004 with no significant reduction in the primary endpoints for any treatment, and since
then, participants have been followed on an observational basis.

Using baseline age (i.e., age at randomization), we identified 2 subcohorts: women

with baseline age <65 years followed up for CHD developing before age 65 years
(premature CHD), and women with baseline age =65 years who were followed up for CHD
(nonpremature CHD). In women with baseline age <65 years, women without CHD before
age 65 years were censored at the time of the first of the following events: death, reaching
age 65 years, or last follow-up. In women with baseline age =65 years, women without
incident CHD were censored at the time of death or last follow-up.

INCIDENT CHD

Incident CHD was a composite of first MI, percutaneous coronary intervention, coronary
artery bypass grafting, or CHD related death. This analysis included CHD through 2016.
CHD was confirmed using medical records by a blinded end points committee of physicians

(9).

RISK FACTORS

Baseline risk factors were determined as previously reported (12). Participants reported
demographic, lifestyle, anthropometric, medical history, medication, and family history
information on detailed questionnaires (13).

PLASMA BIOMARKER MEASUREMENTS

At baseline, 28 345 participants provided a blood sample that was processed and stored
at —170°C until analysis. We excluded participants without biomarker measurements
(n = 321) yielding 28 024 participants. Banked blood samples were used to measure
concentrations of lipids/apolipoproteins, lipoprotein subclasses (particle concentration
and size), inflammatory biomarkers, and metabolic biomarkers (Supplemental Table

1 in the online Data Supplement) (12—20). Total cholesterol, high-density lipoprotein
(HDL) cholesterol, low-density lipoprotein (LDL) cholesterol, and triglycerides) were
enzymatically assessed (Roche Diagnostics), and triglycerides were corrected for
endogenous glycerol. Apolipoprotein A-1 and apolipoprotein B were measured using
turbidimetric assays (Diasorin). Lipoprotein(a) and high-sensitivity C-reactive protein (CRP)
were measured with immunoturbidimetric assays using a Hitachi-911 analyzer (Roche

Clin Chem. Author manuscript; available in PMC 2024 May 03.
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Diagnostics). Soluble intracellular adhesion molecule 1 (ICAM-1) was quantified using
enzyme-linked immunosorbent assay (R&D Systems). Hemoglobin A;; was measured
with an immunoturbidimetric assay; homocysteine was enzymatically assessed using a
Hitachi-917 analyzer; and creatinine was assessed through the Jaffe reaction-based rate-
blanked method (all, Roche Diagnostics). Estimated glomerular filtration rate (€GFR) was
obtained from the 2021 race-free Chronic Kidney Disease Epidemiology collaboration:
eGFR = 142 x min [standardized creatinine (mg/dL)/0.7, 1]79241 x max [standardized
creatinine (mg/dL)/0.7, 1]71-200 x (0.9938)a% x 1.012 (female).

The following biomarkers were measured by NMR spectroscopy using the *H-NMR

(400 MHz) LipoProfile-1V platform (LipoScience; now LabCorp) (18): lipoprotein particle
concentration and size [LDL, triglyceride-rich lipoprotein (TRL), and HDL], lipoprotein
insulin resistance score [LPIR score, derived as a weighted combination of 6 lipoprotein
measures (13)], glycan biomarker of A-acetyl side chains of acute-phase proteins (GlycA; a
biomarker of posttranslational glycosylation of acute-phase reactants), alanine, citrate, and
total branched chain amino acids (BCAAS). Biomarker measurement is further described in
the Supplemental Methods.

STATISTICAL METHODS

Statistical analyses were conducted with SAS v.9.4 (SAS Institute Inc.) and heat maps
were developed with R-Statistics (R Foundation for Statistical Computing). Statistical
comparisons used Student £tests (continuous variables, expressed as means), Wilcoxon
rank-sum tests (continuous variables, expressed as medians), and 12 tests (categorical
variables) to compare baseline characteristics between participants with vs without incident
CHD. We fitted separate Cox proportional hazards regression models to estimate hazard
ratios [HRs (95% CI)] for incident CHD per SD increment of each biomarker. Time

since baseline was used as the time axis. The proportional hazards assumption in Cox
models was evaluated by statistical tests and graphical methods using Schoenfeld residuals.
SDs were derived from the entire cohort (Supplemental Table 1). Models were adjusted

for baseline age, race (non-Hispanic white; other), education (<4 years post high school;
Bachelor’s degree; Master’s degree or Ph.D.), postmenopausal status, postmenopausal
hormone use, and randomized treatment assignment (model 1). Model 2 included model

1 variables plus physical activity [<7.5 metabolic equivalent (MET)-h/week; =7.5 MET-h/
week], smoking (never, former, current), body-mass index [normal, overweight (25.0-29.9
kg/m?2), or obese (=30.0 kg/m?)], systolic blood pressure, diabetes, parental history of Ml
<60 years, and baseline treatment for hypertension or for high cholesterol. The association
between variables and incident CHD (premature or nonpremature) was assessed by the P
value for that variable (in models 1 and 2), separately for premature and nonpremature CHD.
Heterogeneity in the effect of a risk factor on premature vs nonpremature CHD risk was
evaluated on the relative risk scale by the Pvalue for interaction (variable x age category)
between baseline age categories (<65 years vs = 65 years) in models 1 and 2. In the overall
cohort, we conducted principal component analysis of 13 lipoprotein subclasses, generated
a correlation matrix, and selected principal components (PCs) with eigenvalue >1.0. The
associations of the selected PC with incident CHD (premature or nonpremature) and the P
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value for interaction (PC x age category) were assessed using models 1 and 2. Statistical
significance was established at 2-tailed < 0.05.

CHD incidence rates per 100 person-years (95% CI) were 0.15 (0.14-0.17) for premature
CHD and 0.70 (0.63-0.78) for nonpremature CHD, during overall median follow-up of 21.5
(interquartile range, 19.9 to 22.1) years. Most baseline characteristics differed between those
with vs without CHD, separately in the baseline age <65 years and age =65 years subcohorts
(Tables 1 and 2; Supplemental Table 2). The prevalence of most clinical risk factors was
higher in cases vs noncases; however, higher prevalence of parental M1 <60 years was
observed only within the premature subcohort.

Most biomarkers were higher in cases vs noncases; notably, level of lipoprotein(a) was
higher only within the premature subcohort.

LIPIDS/APOLIPOPROTEINS

In adjusted models, most lipids (e.g., HDL cholesterol, triglycerides, and non-HDL
cholesterol) showed stronger relative risk associations with premature vs nonpremature
CHD whereas both total and LDL cholesterol had similar positive association with
premature and nonpremature CHD (Figs. 1 and 2; Supplemental Table 3 and Supplemental
Fig. 2). Of all lipids, total/HDL cholesterol ratio had the highest relative risk association
with premature CHD [1.68 (1.52-1.86)] and nonpremature CHD [1.37 (1.22-1.55)] with
stronger association with premature vs nonpremature CHD (Pipteraction < 0.001).

Apolipoprotein B had stronger association with premature CHD (1.46 (1.34-1.59)] vs
nonpremature CHD [1.34 (1.20-1.50)](Pinteraction = 0-02), whereas apolipoprotein A-1[0.76
(0.68-0.85)1(Pinteraction < 0.001) and lipoprotein(a) [1.29 (1.17-1.42)](Pinteraction = 0.02)
were only associated with premature CHD. The strengths of association of apolipoprotein

B and non-HDL cholesterol with both premature and nonpremature CHD were generally
similar.

NMR LIPOPROTEINS

In adjusted models, LDL particle subclasses showed variable relative risk associations with
premature and nonpremature CHD (Figs. 1 and 2; Supplemental Table 4 and Supplemental
Figs. 1 and 3). Total LDL particle concentration, driven by the concentration of small LDL
particles, was associated with both premature and nonpremature CHD but showed somewhat
stronger association with premature CHD.

By contrast, LDL subclasses had more complex risk associations. In model 2 that did

not adjust for the concentration of medium and small LDL particles but adjusted only

for standard risk factors, large LDL particle concentration had inverse association with
premature CHD [0.83 (0.75-0.93)] and but not with nonpremature CHD [1.07 (0.96-1.19)]
(Pinteraction = 0.001); however, further adjusting for the concentration of medium and small
LDL particles altered the association of large LDL particle concentration such that it was
no longer inversely associated with premature CHD [1.10 (0.98-1.23)] and strengthened the
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positive association of large LDL with nonpremature CHD [1.25 (1.11-1.41)]. Medium LDL
risk associations tracked more closely with large LDL than small LDL. Further adjusting
total LDL particle concentration with LDL particle average size, and the converse, did not
materially alter the strength of association with premature and nonpremature CHD (model 3
in Supplemental Table 4).

Total TRL particle and TRL triglyceride concentrations were associated with both premature
and nonpremature CHD, with stronger associations (Pnteraction = 0-03 for total TRL particle)
for premature CHD (Figs. 1 and 2; Supplemental Table 4 and Supplemental Figs. 1

and 3). Notably, variable associations were also seen for TRL subclasses. The stronger
association with premature CHD was seen for very small TRL particle concentrations but
not different-sized TRLs. TRL cholesterol concentration was associated with higher risk

of CHD (both premature and nonpremature) with almost similar magnitude as total TRL
particle concentration or TRL triglyceride concentration.

For HDL particles, variable risk associations were noted for premature CHD, and

none of the HDL particle subclasses was associated with nonpremature CHD (Figs. 1
and 2; Supplemental Table 4 and Supplemental Figs. 1 and 4). Total HDL particle
concentration trended toward an inverse association with premature [0.91 (0.81-1.01)] but
not nonpremature CHD, although the interaction was not significant (Bnteraction = 0-11).
On the other hand, the sized HDL particle concentrations had stronger associations with
premature than nonpremature CHD, with differing directions of association. Specifically,
inverse association with premature CHD was noted for large HDL particle concentration
[0.84 (0.79-0.90)] and medium HDL particle concentration [0.72 (0.64-0.82)], whereas
small HDL particle concentration showed positive association with premature CHD [1.22
(1.11-1.35)].

In the overall cohort, principal component analysis of 13 lipoprotein subclasses yielded

4 PCs that accounted for 66.6% of the cumulative variance (Supplemental Table 5).

PC1 (explaining 36.0% of variance in NMR lipoproteins and driven by insulin-resistant
atherogenic dyslipoproteinemia) was associated with a higher risk of premature CHD vs
nonpremature CHD in models 1 and 2. In model 2, PC3 (driven by medium HDL particles
and large LDL particles) showed inverse association with risk of premature CHD, whereas
PC2, PC3, and PC4 showed no association with risk of nonpremature CHD (Supplemental
Table 6). The selective and/or stronger association of PCs with premature vs nonpremature
CHD identify atherogenic patterns associated with premature CHD.

INFLAMMATORY AND METABOLIC BIOMARKERS

Of the inflammatory biomarkers, CRP concentration showed a similar positive association
with both premature CHD [1.34 (1.19-1.50)] and nonpremature CHD [1.25 (1.08-1.44)]
(Pinteraction = 0.15), whereas fibrinogen, ICAM-1, and GlycA concentrations showed
stronger positive associations with premature CHD (Figs. 1 and 2; Supplemental Table 7
and Supplemental Figs. 1 and 5).

Biomarkers of dysglycemia and insulin-resistant atherogenic dyslipoproteinemia, such as
hemoglobin A4 and LPIR score, showed stronger positive associations with premature

Clin Chem. Author manuscript; available in PMC 2024 May 03.
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CHD, and none was associated with nonpremature CHD (Figs. 1 and 2; Supplemental
Table 7 and Supplemental Fig. 6). Of the 44 biomarkers examined, based on model 2,
LPIR score was associated with the highest relative risk of incident premature CHD [1.92
(1.52-2.42)] with no association with nonpremature CHD [1.03 (0.88-1.19)](Pinteraction
<0.001). Further adjusting LPIR score for baseline diabetes did not alter the association
with premature and nonpremature CHD. Hemoglobin A1, was only weakly associated
with premature CHD [1.08 (1.01-1.14)]. Most other metabolic biomarkers (alanine, citrate,
creatinine, eGFR, leucine, valine) showed no association with premature or nonpremature
CHD. The concentration of total BCAAs implicated in the pathway of insulin resistance, in
particular isoleucine, showed a positive association with premature CHD.

SENSITIVITY ANALYSES

We conducted 2 sensitivity analyses using models 1 and 2. First, we used age as the

time axis (rather than “time to event”) within each CHD group. Second, we restricted the
premature CHD group to women with baseline age <60 years to allow at least 5 years of
follow-up. In both analyses, the risk associations with incident CHD were generally similar
to those in the main analysis (data not shown).

CLINICAL RISK FACTORS

In adjusted models, most clinical risk factors showed stronger associations with premature
vs nonpremature CHD (Supplemental Figs. 7 and 8). Diabetes had the highest relative risk
association and showed stronger positive association (Pneraction < 0.001) with premature
CHD [6.24 (4.77-8.16)] vs nonpremature CHD [3.31 (2.28-4.81)]. Metabolic syndrome
was also associated with greater risk of premature than nonpremature CHD. Current
smoking showed similar positive associations with both premature and nonpremature CHD
(Binteraction = 0.64). By contrast, history of parental Ml <60 years showed a positive
association with premature CHD [1.83 (1.48-2.28)] but not nonpremature CHD [1.14 (0.81-
1.60)](Ainteraction = 0.04).

SUMMARY OF ASSOCIATIONS

Of 44 biomarkers examined, 12 biomarkers showed association only with premature CHD,
11 biomarkers showed stronger relative risk associations with premature vs nonpremature
CHD, 12 biomarkers showed similar associations with premature vs nonpremature, and

9 biomarkers showed no association with CHD. The profile associated with premature
CHD was driven predominantly by lipoprotein(a) and insulin-resistant atherogenic
dyslipoproteinemia.

Figure 1 displays the associations of biomarkers and clinical risk factors with incident
CHD grouped by statistically significant interactions. Supplemental Table 8 groups them by
associations with (&) premature CHD only, (4) premature greater than nonpremature CHD,
and (¢) premature similar to nonpremature CHD.

Clin Chem. Author manuscript; available in PMC 2024 May 03.
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Discussion

In this study, most biomarkers showed stronger associations with premature vs
nonpremature CHD, when compared on the relative hazard scale. Of 44 biomarkers
examined, 23 biomarkers showed association only with premature CHD or stronger

relative risk association with premature vs nonpremature CHD. These included lipids/
apolipoproteins [e.g., non-HDL cholesterol, lipoprotein(a)], lipoproteins (e.g., total LDL
particles, TRL triglycerides), inflammatory (e.g., GlycA), and metabolic (e.g., LPIR

score) biomarkers. In particular, insulin-resistant atherogenic dyslipoproteinemia and related
biomarkers were major determinants of risk of premature CHD, with potential implications
for biomarker screening and therapeutic strategies.

The finding that biomarkers of insulin-resistant atherogenic dyslipoproteinemia showed
positive associations with premature CHD, but not with nonpremature CHD, was intriguing.
We have previously shown that LPIR score was positively associated with incident diabetes
both in the presence and absence of statin therapy (13, 21). In the present study, a 1 SD
increment in LPIR score was selectively associated with a 1.8-1.9-fold higher relative risk
of premature CHD, much greater than the association of 1 SD increment in LDL cholesterol
(approximately 40%) or hemoglobin A4 (approximately 10%). LPIR score potentially links
insulin resistance and dyslipidemia with future risk of diabetes and premature CHD, a role
that requires further investigation.

The selective positive association of lipoprotein(a) with premature CHD is consistent with
the stronger associations of apolipoprotein A-I and apolipoprotein B with premature CHD,
and the association of lipoprotein(a) with higher CHD risk in non-age-stratified analyses
(22, 23). Recent studies have reported the about 80% reduction in lipoprotein(a) levels using
antisense oligonucleotides (24, 25). The effect of reducing lipoprotein(a) levels on incident
CHD, including premature CHD, is under evaluation in randomized clinical trials.

The association of CRP with premature and nonpremature CHD supports the role of
inflammation in CHD (26). The selective association of ICAM-1 with premature, but
not nonpremature, CHD, is intriguing as ICAM-1 has been associated with atheroma
progression, a process that presumably occurs in premature and nonpremature CHD. We
have previously shown that GlycA was associated with higher risk of incident type 2
diabetes (27). The selective association of GlycA with premature, but not nonpremature,
CHD is consistent with our finding that diabetes and insulin resistance were major
determinants of premature CHD.

In non-age stratified analyses, several studies have reported associations between LDL
lipoprotein subclasses and incident CHD (7, 28, 29). The present study builds on these
observations and shows stronger associations of total LDL and small LDL particle
concentrations with premature vs nonpremature CHD and the selective association of LDL
particle average size with premature CHD. Similarly, most TRL particle concentrations
were associated with a 1.04-1.31-fold adjusted relative increase in risk of premature and
nonpremature CHD, consistent with their atherogenic role. Notably, total and very small

Clin Chem. Author manuscript; available in PMC 2024 May 03.
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TRL particles had stronger association with premature vs nonpremature CHD, potentially
related to their role in insulin resistance and fatty acid metabolism.

HDL particles showed different associations with premature and nonpremature CHD. The
magnitude of the inverse association of large and medium HDL particle concentrations was
similar to that observed for apolipoprotein A-1 and HDL cholesterol, suggesting that the
inverse association of HDL cholesterol could be related to large and medium HDL particle
concentrations. Supporting this is the observation that apolipoprotein A-1 was inversely
associated with premature, but not nonpremature CHD. The reasons for the selective
association of HDL particle concentration with premature CHD are unknown. Recent studies
on the inhibition of cholesteryl ester transfer protein, which raises plasma HDL cholesterol
concentration, had mixed effects on incident CHD (30), and the effect of cholesteryl ester
transfer protein inhibitors on premature CHD requires investigation.

Our observation that biomarkers of insulin-resistant atherogenic dyslipoproteinemia were
selectively associated with premature CHD has clinical significance. Obesity prevalence

in the USA has been increasing and also increases the risk for insulin resistance and
diabetes (31). In this context, improved screening based on more targeted biomarker panels
may detect risk of premature CHD and identify younger people for targeted intervention.
While this study focused on biomarker profiles, this does not diminish the importance of
clinical risk factors such as smoking, metabolic syndrome, and systolic blood pressure (9).
Managing these risk factors through lifestyle and/or pharmacologic approaches would be
expected to improve the biomarker profile and lower the risk for premature CHD.

Our study has strengths and potential limitations. The generalizability of our findings

to other populations (e.g., men, different racial and ethnic groups) requires evaluation.

In WHS, limited baseline data on pregnancy complications precluded analysis of these
factors. The determinants of sex-based differences require evaluation including whether
biomarker profiles differ for men vs women with premature CHD (32, 33). Our study

has strengths, including that it was a large prospective study with robust baseline data,

and follow-up of prespecified end points. While we characterized biomarkers into different
groups of biological pathways, it is important to acknowledge the overlap in these pathways/
biomarkers. We compared the biomarkers on a relative risk scale that may differ from
population-attributable risks, which depend on both the magnitude of risk association and
the prevalence of the risk factors in the population. NMR-measured biomarkers may not be
generalizable to measurements using different NMR platforms and/or spectral acquisition
protocols, require specialized laboratories, and have associated costs (34, 35). In this study,
we chose to include women with baseline age =65 years and evaluate the biomarker risk
profile for incident CHD. While these women may have had survivorship bias (i.e., no CHD
event before age 65 years), it was important to include these women for comparison with the
women who experienced premature CHD.

In summary, biomarker risk profiles differed by age of CHD onset in women. In particular,
insulin-resistant atherogenic dyslipoproteinemia and related metabolic biomarkers were
major determinants of risk of premature CHD, with potential implications for biomarker
screening among younger individuals. Future research should build on these findings to

Clin Chem. Author manuscript; available in PMC 2024 May 03.
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evaluate whether these biomarkers can improve screening, prediction, or classification of
premature CHD beyond traditional risk factors and guide interventions to reduce the burden

of premature CHD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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lipoprotein insulin resistance
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interaction =

2.05

Hazard ratio

ly

H

lower CHD risk

higher CHD risk

Forest plot of baseline lipids/apolipoproteins, lipoproteins, inflammatory, and metabolic
biomarker concentrations in relation to incident CHD. Cox proportional HRs (95% CIs) per
SD increment of biomarker concentrations in association with incident premature (upper
bar; green color) and nonpremature (lower bar; black color) CHD. Models were adjusted
for baseline age, race, education, menopause, postmenopausal hormone use, randomized
treatment assignment, physical activity, BMI, smoking, systolic blood pressure, diabetes,
parental history of MI < 60 years, baseline treatment for hypertension, or for high
cholesterol (model 2) (see Supplemental Tables 3-5). To adjust for confounding among
large, medium, and small LDL particles, their models included model 2 variables plus the
other LDL subclasses (small, medium, and large LDL particle concentrations). Results are
categorized by the probability value of interaction terms for biomarker with baseline age
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category (<65 years vs = 65 years); Pnteraction < 0.05 (left panel) and Ainteraction = 0.05 (right
panel). Biomarkers that showed no association with incident premature and nonpremature
CHD are depicted in Supplemental Fig. 1 (medium LDL particles, small TRL particles, total
HDL particles, citrate, valine, leucine, alanine, eGFR, and creatinine).
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Fig. 2.
Heat map of baseline lipids/apolipoproteins, lipoproteins, inflammatory, and metabolic

biomarker concentrations in relation to incident CHD. Models were adjusted for baseline
age, race, education, menopause, postmenopausal hormone use, and randomized treatment
assignment (model 1). To adjust for confounding among large, medium, and small LDL
particles, their models included model 1 variables plus the other LDL subclasses (small,
medium, and large LDL particle concentrations). The left panel shows the Cox proportional
HRs (in descending order of magnitude of risk) for risk factors in association with premature
(green bars) and nonpremature (black bars) incident CHD. HR for biomarkers based on

per SD increment of plasma concentration. The right panel shows the logarithm of Pvalue
for the association of risk factors with baseline age category (<65 years vs = 65 years) in
descending order of strength of association (from brown to green in color).
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