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multiethnic study of atherosclerosis
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ABSTRACT

Objectives This study investigated the sex differences

in the associations between ideal cardiovascular health
(CVH), measured by the American Heart Association’s
Life’s Simple 7 metrics, and cardiovascular disease (CVD)-
related biomarkers among an ethnically diverse cohort of
women and men free of clinical CVD at baseline.

Setting We analysed data from the Multi-Ethnic Study of
Atherosclerosis conducted in six centres across the USA
(Baltimore, Maryland; Chicago, lllinois; Forsyth County,
North Carolina; Los Angeles, California; New York, New
York; and St Paul, Minnesota).

Participants This is a cross-sectional study of 5379
women and men, aged 45-84 years old. Mean age (SD)
was 62 (10), 52% were women, 38% White, 11% Chinese
American, 28% Black and 23% Hispanic.

Primary measures The seven metrics (smoking, body
mass index, physical activity, diet, total cholesterol, blood
pressure and blood glucose) were each scored as 0
points (poor), 1 point (intermediate) or 2 points (ideal).
The total CVH score ranged from 0 to 14. The CVD-related
biomarkers studied were high-sensitivity C-reactive
protein, D-dimer, fibrinogen, homocysteine, high-sensitivity
cardiac troponin T, N-terminal pro B-type natriuretic
peptide (NT-proBNP) and interleukin 6. We examined the
association between the CVH score and each biomarker
using multivariable linear regression, adjusting for age,
race/ethnicity, education, income and health insurance
status.

Results Higher CVH scores were associated with

lower concentrations of all biomarkers, except for NT-
proBNP where we found a direct association. There

were statistically significant interactions by sex for all
biomarkers (p<0.001), but results were qualitatively
similar between women and men.

Conclusion A more favourable CVH score was associated
with lower levels of multiple CVD-related biomarkers

for women and men, except for NT-proBNP. These data
suggest that promotion of ideal CVH would have similarly
favourable impact on the reduction of biomarkers of CVD
risk for both women and men.

,! Oluseye Ogunmoroti,? Martin Tibuakuu,®

Strengths and limitations of this study

» Use of a large and diverse study sample that en-
abled stratification by sex, race/ethnicity and age.

» Use of validated survey instruments and stan-
dardised methods for data collection allowed for
comparison with other studies.

» Study population included adults between the ages
of 45 and 84 years, which limits the generalisability
of our findings to younger or older age groups.

» Cross-sectional design cannot establish temporality
or causation.

INTRODUCTION

The ideal cardiovascular health (CVH)
construct, defined as meeting specific criteria
for seven health behaviours and health factors
called the Life’s Simple 7 (LS7) metrics, was
introduced by the American Heart Associa-
tion (AHA) to decrease the burden of cardio-
vascular disease (CVD).! This was a shift
towards primordial prevention—focusing on
wellness rather than disease.” Biomarkers,
which are often used in conjunction with
traditional risk factors, are subclinical indi-
cators of physiological and pathological
processes® and serve as useful tools in facil-
itating early detection and prognostication
of CVD.* Although prior studies have exam-
ined the relationship of biomarkers with inci-
dent CVD, few have focused on biomarkers
and measures of cardiovascular wellness.
Not surprisingly, the studies that have exam-
ined the association between ideal CVH and
subclinical biomarkers of disease have shown
an inverse relationship.” For example, in a
prior analysis from the Multi-Ethnic Study
of Atherosclerosis (MESA), poor CVH was
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found to be associated with higher levels of GlycA (a novel
inflammatory marker) and higher levels of traditional
inflammatory markers [high-sensitivity C-reactive protein
(hsCRP), interleukin 6 (IL-6), fibrinogen and D-dimer].°
However, research on the sex differences of the relation-
ship of CVH with CVD-related biomarkers is sparse.”

Women are known to have higher levels of hsCRP®*? and
N-terminal pro B-type natriuretic peptide (NT-proBNP) "’
than men even after accounting for cardiometabolic risk
factors, while troponin levels are higher in men than
women."" '* Thus, understanding sex differences in the
relationship of ideal CVH measures with biomarkers is an
important intermediate step in explaining sex differences
in clinical CVD.

This study aimed to examine the sex differences in
the associations between ideal CVH and CVD-related
biomarkers among women and men free of clinical CVD
in an ethnically diverse cohort. We hypothesised that
better CVH would be associated with lower concentra-
tions of CVD-related biomarkers especially in women.

METHODS

Study population

As previously described, MESA is a longitudinal study of
6814 adult women and men between the ages of 45 and 84
years. The study participants, with no previous history of
clinical CVD at baseline, were recruited from six centres
(Baltimore, Maryland; Chicago, Illinois; Forsyth County,
North Carolina; Los Angeles, California; New York,
New York; and St Paul, Minnesota) in the USA between
July 2000 and August 2002."" Among participants, 38%
were White, 11% Chinese American, 28% Black and
the remaining 23% were Hispanic. Informed consent
was provided by all participants. The MESA protocol
was approved by the institutional review boards (IRB)
of all the recruitment centres. At the Johns Hopkins
field centre where this analysis was conducted, the IRB
approval number was NA_00030361.

Baseline information was collected using standardised
questionnaires, physical examinations and fasting labora-
tory blood draw. For the current analyses, we included
5379 participants from the MESA baseline examination
after excluding participants with missing information for
the CVD biomarkers and LS7 metrics.

Assessment of biomarkers

We examined biomarkers that were measured at baseline.
Fasting blood samples were drawn, processed and stored
using standardised procedures.'* HsCRP, D-dimer, fibrin-
ogen, IL-6 and homocysteine levels were analysed at the
laboratory for Clinical Biochemistry Research (University
of Vermont, Burlington, Vermont, USA). Serum levels of
hsCRP (mg/L) were measured using the BNII nephelo-
meter (Dade Behring, Deerfield, Illinois, USA). Analyt-
ical intra-assay coefficients of variation (CV) of hsCRP
ranged from 2.3% to 4.4%, and inter-assay CV ranged
from 2.1% to 5.7%.°'° D-dimer (pg/mL) was measured

with an immunoturbidimetric assay (Liatest D-DI; Diag-
nostica Stago, Parsippany, New Jersey, USA) which was
used on a Sta-R analyser (Diagnostica Stago, Parsippany,
New Jersey, USA). The lower detection limit of D-dimer
assay was 0.01 pg/mL.® Serum fibrinogen (mg/dL) was
measured by immunoprecipitation of fibrinogen antigen
using the BNII nephelometer (N Antiserum to Human
Fibrinogen; Dade Behring, Deerfield, Illinois, USA).
The intra-assay and inter-assay CV were 2.7% and 2.6%,
respectively.’ > Serum IL-6 (pg/mL) was measured by
ultrasensitive ELISA (Quantikine HS Human IL-6 Immu-
noassay; R&D Systems, Minneapolis, Minnesota). The
analytical CV was 6.3%."" Plasma homocysteine (jumol/L)
was measured using a fluorescence polarisation immuno-
assay with the IMx analyser (Abbott Diagnostics, Abbott
Park, Illinois, USA). The CV was 4.5%.°

The assays for high-sensitivity cardiac troponin T (hs-
¢InT, ng/L) and NT-proBNP (pg/mL) were performed
at the Veteran’s Affairs San Diego Healthcare System (La
Jolla, California, USA) and measured in serum using the
Elecsys 2010 system (Roche Diagnostics, Indianapolis,
Indiana, USA). For hs-cTnT, the inter-assay CV observed
for the MESA cohort measurements were 3.6% at 28 ng/L
and 2.0% at 2154 ng/L."” For NT-proBNP, the intra-assay
and inter-assay CV were as follows: at 175 pg/mL, 2.7%
and 3.2%; at 355 pg/mL, 2.4% and 2.9%; at 1068 pg/
mL, 1.9% and 2.6%; and at 4962 pg/mL, 1.8% and 2.3%,
respectively.'

Assessment of cardiovascular health

Cardiovascular health was assessed at baseline using the
LS7 metrics based on AHA criteria.' A detailed assess-
ment can be found in the supplementary material (online
Supplementary Methods).

Assessment of covariates

Sociodemographic factors included as covariates are age,
sex, race/ethnicity, education, income and health insur-
ance. Age was examined as a continuous variable in the
multivariable models but dichotomised as <65 and=65
years for subgroup testing. Race/ethnicity had four
groups: White, Chinese American, Black and Hispanic.
We had nine categories for education and 13 categories
for income (online supplementary table 1), which were
used in our multivariable models; however, they were
dichotomised as =>bachelor’s degree and <bachelor’s
degree; 2$40000 and < $40 000, respectively, for descrip-
tive statistics. ‘Yes’ or ‘No’ responses were given for health
insurance status.

Statistical analyses

The characteristics of the study participants were reported
for the overall population and by sex. Categorical vari-
ables were presented as frequencies with percentages, and
continuous variables were presented as means with SD. We
compared the baseline characteristics of participants by
sex, using analysis of variance and y” tests as appropriate.
The CVD-related biomarkers were natural logarithmically
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transformed for the analyses because distribution was
skewed. The LLS7 metrics were each defined as ideal, inter-
mediate and poor,' and their distribution was reported by
sex, as shown in online supplementary tables 2,3. Points
were awarded to each category of the LS7 metrics, with 0
indicating poor; 1, intermediate; and 2, ideal. The points
were summed, yielding a total CVH score ranging from 0
to 14."® As previously reported, total CVH scores of 0-8,
9-10 and 11-14 were considered as inadequate, average
and optimal CVH, respectively.'"'

Using linear regression models, we estimated the
crude beta coefficients and corresponding 95% confi-
dence intervals (CIs) for the associations between the
CVH score (assessed as a continuous variable) and CVD-
related biomarkers (log-transformed, assessed as a contin-
uous variable) in the overall cohort and by sex (model 1).
We adjusted for sociodemographic factors [age (contin-
uous), sex (for overall cohort), race/ethnicity (4 catego-
ries), education (9 categories), income (13 categories)
and health insurance status (yes/no)] in model 2 and
reported the adjusted beta coefficients. We examined the
interaction of the CVH score categories with sex for all
six biomarkers by including interaction terms in model 2.

The associations between the LS7 metrics and CVD-
related biomarkers were examined by comparing the
intermediate and ideal categories of the metrics to the
poor category. We reported only the adjusted model for
women and men. In supplementary analyses, we exam-
ined the association between the CVH score and CVD-
related biomarkers stratified by race/ethnicity and age
(<65 and =65 years) within each sex, using multivariable
linear regression models. For statistical analyses, STATA
V.15.0 was used (StataCorp LP, College Station, Texas,
USA) and an alpha level of <0.05 (two-sided) was consid-
ered statistically significant.

Patient and public involvement

Neither patients nor the public were involved in the
conduct of this research. We did not invite patients or the
public to comment on the study design nor did we consult
them to develop patientrelated outcomes or interpret
the results of this study. We did not invite patients or the
public to contribute to the writing or editing of this docu-
ment for readability or accuracy.

RESULTS
Baseline characteristics of participants are shown in
table 1. Over half of the participants were women (52%),
and the mean age (SD) was 62 (10) years. Women had
higher hsCRP, D-dimer, fibrinogen, NT-proBNP and IL-6
levels, while men had higher hs-cTnT and homocysteine
levels. Women were less likely to be physically active and
were more likely to have higher systolic blood pressure
as well as higher healthy diet score and total cholesterol
levels (table 1 and online supplementary table 3).

The associations between the total CVH score and the
CVD-related biomarkers are reported in table 2. After

adjusting for sociodemographic factors (model 2), higher
CVH scores were associated with lower concentrations of
all of the CVD-related biomarkers except for NT-proBNP,
where CVH was associated with a higher concentration.
For example, in the overall cohort, a one-unit increment
in the CVH score corresponded to a 0.13 mg/L lower log
(hsCRP) concentration and a 0.04 ng/L lower log(hs-
c¢InT) concentration, but a 0.02 pg/mL higher log
(NT-proBNP) concentration.

For all CVD-related biomarkers, there was a signifi-
cant interaction for CVH with sex at p<0.001. For a unit
increase in CVH score, the magnitude of concentra-
tions was marginally lower for hsCRP, D-dimer and IL-6
in women compared with men, while for hs-cTnT, the
magnitude of concentration was lower in men compared
with women. There was no sex difference in the magni-
tude of concentrations of fibrinogen and homocysteine
(table 2). Figure 1 illustrates the sex-stratified mean
biomarker concentrations by categories of the total CVH
score. For all the biomarkers, participants with optimal
scores had the smallest mean values.

The associations between the LS7 metrics and CVD-
related biomarkers (log-transformed) in women and
men are reported in tables 3 and 4. For the ideal cate-
gory of smoking, lower concentrations of D-dimer, fibrin-
ogen, homocysteine, NT-proBNP and IL-6 were found in
men but only lower concentrations of homocysteine and
IL-6 were found in women. For ideal smoking status, the
magnitude of concentration of homocysteine was margin-
ally lower in women than men, while the magnitude
of concentration of IL-6 was marginally lower in men
than women. For the ideal category of body mass index
(BMI), lower concentrations of all biomarkers except for
NT-proBNP were found in women, whereas in men, lower
concentrations of hsCRP, D-dimer, fibrinogen, hs-cITnT
and IL-6 were found. Both sexes had higher concen-
trations of NT-proBNP for ideal BMI. Additionally, for
ideal BMI, the magnitudes of concentration of hsCRP,
D-dimer, fibrinogen and IL-6 were lower in women than
men but hs-cTnT was lower in men. For the ideal cate-
gory of physical activity, lower concentrations of hsCRP,
fibrinogen, hs-cInT and IL-6 were found in women,
while lower concentrations of fibrinogen, homocysteine,
hs-cTnT and IL-6 were found in men. For ideal physical
activity, the magnitudes of concentration of fibrinogen
and hs-cTnT were marginally similar in women and men.
The magnitude of concentration of IL-6 was marginally
lower in men. An ideal diet score was associated with lower
concentrations of hsCRP and IL-6 in women. For the ideal
category of total cholesterol, lower concentrations of
hs-cTnT were found in men, while lower concentrations
of fibrinogen and higher concentrations of NT-proBNP
and IL-6 were found in women and men. For total choles-
terol, the magnitudes of concentration of fibrinogen and
IL-6 were marginally lower in women than men, while the
magnitude of concentration of NT-proBNP was higher in
women than men, although CIs between women and men
overlapped.
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Total (n=5379) Women (n=2775) Men (n=2604) P value

Age, years

>65, n (%) 2366 (44) 1216 (44) 1150 (44)

White, n (%) 2150 (40) 1092 (39) 1058 (41)

Black, n (%) 1253 (23) 681 (25) 572 (22)

Education

<Bachelor’s degree, n (%) 3450 (64) 1951 (70) 1499 (58)

>$40000, n (%) 2648 (49) 1162 (42) 1486 (57) <0.001

Health insurance

No, n (%) 508 (9) 264 (10) 244 (10)

hsCRP (mg/L) 3.7 (3.5, 3.8) 4.5(4.2,4.7) 2.8 (2.6, 3.0) <0.001

Fibrinogen, mg/dL 345.2 (343.2, 347.1) 358.0 (355.2,360.8) 331.5(328.8, 334.1) <0.001

hs-cardiac troponin T (ng/L) 6.6 (6.4, 6.8) 5.2 (5.0, 5.4) 8.1(7.7,8.5) <0.001

*IL-6 (pg/mL) 1.5(1.5,1.6) 1.6 (1.5, 1.6) 1.5(1.4,1.5) 0.002

Current smoking, n (%) 671 (12) 303 (11) 368 (14) <0.001

Physical activity (MET-min/week) 401 (589) 338 (490) 468 (672) <0.001

Total cholesterol (mg/dL) 194 (36) 200 (36) 189 (35) <0.001

Diastolic blood pressure (mmHg) 72 (10) 69 (10) 75 (9) <0.001

CVH score

Average 1772 (33) 915 (33) 857 (33) 0.78

*For IL-6, total sample size = 5279; women, n = 2733; men, n = 2546.
CVH, cardiovascular health; hsCRP, high-sensitivity C-reactive protein; IL-6, interleukin 6; LS7, Life’s Simple 7;NT-proBNP, N-terminal pro B-type
natriuretic peptide.

For ideal blood pressure, a lower concentration of  the magnitude of concentration of IL-6 was lower

all biomarkers was found in women, whereas in men, in women than men. For ideal blood glucose levels,
a lower concentration was observed for all biomarkers  a higher concentration of NT-proBNP was found in
except D-dimer. Additionally, for ideal blood pressure, women, while a lower concentration of hsCRP, fibrin-

the magnitudes of concentration of fibrinogen, hs-cITnT  ogen, hs-cTnT and IL-6 was observed in both sexes. For
and NT-proBNP were lower in men than women, while  ideal blood glucose, the magnitudes of concentration of
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Table 2 The associations between CVH score and CVD-related biomarkers

Total, n=5379
hsCRP D-dimer Fibrinogen  Homocysteine hs-cTnT NT-ProBNP IL-6*
(mg/L) (ng/mL) (mg/dL) (pmol/L) (ng/L) (pg/mL) (pg/mL)
Model 1 -0.16 -0.06 —-0.02 —-0.02 -0.05 0.00004 —-0.09
(-0.17, -0.14) (-0.07,-0.05) (-0.03, -0.02) (-0.02,-0.01) (-0.06,-0.05) (-0.01,0.01) (-0.10, —0.08)
Model 2 -0.13 -0.03 -0.02 -0.01 -0.04 0.02 -0.07
(-0.14, -0.12) (-0.04,-0.02) (-0.02,-0.02) (-0.01,-0.01) (-0.05, -0.03) (0.01, 0.03) (-0.08, —-0.06)
Women, n=2775
Model 1 -0.18 -0.07 -0.03 -0.02 -0.04 0.01 -0.11
(-0.20, -0.16) (-0.09, -0.06) (-0.03,-0.03) (-0.03,-0.02) (-0.05, —-0.04) (-0.01,0.03) (-0.12, -0.10)
Model 2 -0.16 -0.03 -0.02 -0.01 -0.03 0.03 -0.08
(-0.18,-0.14) (-0.05,-0.02) (-0.03,-0.02) (-0.02,-0.01) (-0.04, -0.02) (0.01, 0.04) (-0.09, -0.07)
Men, n=2604
Model 1 -0.13 -0.04 -0.02 -0.01 -0.07 -0.01 -0.07
(-0.15, -0.11) (-0.05, -0.02) (-0.02,-0.02) (-0.02,-0.01) (-0.08,-0.06) (-0.03,0.01) (-0.08, —0.06)
Model 2 -0.10 -0.02 -0.02 -0.01 -0.06 0.005 -0.05
(-0.12, -0.08) (-0.03, -0.001) (-0.02, -0.01) (-0.01,-0.004) (-0.07,-0.05) (-0.01,0.02) (-0.06, —0.04)

*For IL-6, total sample size = 5279; women, n = 2733; men, n = 2546.

CVD, cardiovascular disease;CVH, cardiovascular health; hsCRP, high-sensitivity C-reactive protein; hs-cTnT, high-sensitivity cardiac troponin
T; IL-6, interleukin 6; NT-proBNP, N-terminal pro B-type natriuretic peptide.

hsCRP, fibrinogen and IL-6 were lower in women than
men.

The supplementary analyses show the associations
between CVH and CVD-related biomarkers stratified
by race/ethnicity and age for women and men. The
results were similar for both sexes and mostly showed
a statistically significant lower concentration of CVD-
related biomarkers for a unit increment in CVH score.
Among White and Chinese American women as well

Optimal 29 - Optimal 0.30
Average 3.6 - Average 0.36
Inadequate 5.8 - Inadequate 0.43

as women <65 years old, a unit increment in CVH
score was associated with higher concentrations of
NT-proBNP (Online supplementary tables S4-S7).

DISCUSSION

In this cross-sectional analysis of 5379 adult women and
men free of clinical CVD at baseline, after adjusting
for sociodemographic factors, we found an inverse

Optimal 324.2 -
Average 350.7 _

0o 1 2 3 4 5 6 7 8 9 10

Mean CRP, mg/L

Optimal 7.8 Optimal 4.1

Average 8.6 Average 4.9

i
i

Inadequate 9.2 Inadequate 5.9

0 01 02 03 04 05 06 07 08 09 1

Mean D-dimer, pg/mL

0 100 200 300 400 500 600 700 800 900 1000

Mean Fibrinogen, mg/dL

Optimal 102.4 -
Average 123.6 -
Inadequate 112.3 _

0 25 5 75 10 125 15 175 20 225 25

°

5

Mean Homocysteine, pmol/L

Optimal 1

Average 1

.

Inadequate

°

2

3 4
Mean IL-6, pg/mL

Figure 1

Mean Cardiac Troponin T, ng/L

10 15 20 o 50 100 150 200 250

Mean NT-ProBNP, pg/mL

Sex-stratified mean biomarker levels by cardiovascular health score categories (inadequate (0-8), average (9-10) and

optimal (11-14)). Mean values for biomarkers were not log-transformed. Lighter colour=women; darker colour=men. hsCRP,
high-sensitivity C-reactive protein; hs-cTnT, high-sensitivity cardiac troponin T; NT-proBNP, N-terminal pro B-type natriuretic

peptide; IL-6, interleukin 6.
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Table 3 The associations between LS7 metrics and CVD-related biomarkers in women, n=2775

Homocysteine
(umol/L)

hs-cTnT
(ng/L)

NT-ProBNP
(pg/mL)

IL-6*
(pg/mL)

hsCRP D-dimer Fibrinogen
(mg/L) (ng/mL) (mg/dL)
Smoking
Poor 1 (reference) 1 (reference) 1 (reference)
Intermediate -0.07 0.11 0.08
(-0.51, 0.38) (-0.22, 0.44) (-0.05, 0.11)
Ideal 0.02 0.03 -0.01
(-0.12, 0.16) (-0.07, 0.13) (-0.03, 0.02)

Body mass index

Poor 1 (reference) 1 (reference) 1 (reference)

Intermediate —-0.61 -0.17 -0.08
(-0.71,-0.51)  (-0.25,-0.10) (-0.10,-0.07)

Ideal -1.15 -0.32 -0.14
(-1.25, -1.04) (-0.40,-0.23) (-0.16,-0.12)

Physical activity

Poor 1 (reference) 1 (reference) 1 (reference)

Intermediate -0.06 0.05 0.01
(-0.19, 0.07) (-0.05, 0.15) (-0.02, 0.03)

Ideal -0.16 -0.04 -0.03
(-0.27, -0.06) (-0.11,0.04) (-0.05, -0.02)

Diet

Poor 1 (reference) 1 (reference) 1 (reference)

Intermediate -0.16 -0.02 -0.01
(-0.25, -0.07) (-0.09, 0.04) (-0.02, 0.01)

Ideal -0.40 -0.09 -0.02
(-0.74, -0.07) (-0.33, 0.16) (-0.07, 0.04)

Total cholesterol

Poor 1 (reference) 1 (reference) 1 (reference)

Intermediate 0.02 -0.04 -0.02
(-0.11, 0.14) (-0.13, 0.05) (-0.04, 0.00)

Ideal -0.08 -0.02 -0.06
(-0.21, 0.04) (-0.11,0.08)  (-0.08, -0.04)

Blood pressure

Poor 1 (reference) 1 (reference) 1 (reference)

Intermediate -0.13 -0.05 —0.003
(-0.24, -0.03) (-0.13, 0.03) (-0.02, 0.02)

Ideal -0.45 -0.11 —-0.02
(-0.56, -0.35)  (-0.19, -0.03) (-0.04, -0.002)

Blood glucose

Poor 1 (reference) 1 (reference) 1 (reference)

Intermediate -0.04 0.01 -0.01
(-0.22, 0.14) (-0.13, 0.14) (-0.04, 0.02)

Ideal -0.43 -0.03 -0.07
(-0.57, -0.28) (-0.14,0.08)  (-0.09, —-0.04)

1 (reference)

1 (reference)

1 (reference)

1 (reference)

0.03 0.005 0.003 0.03
(~0.08, 0.14) (-0.17,0.18)  (-0.35,0.36)  (~0.22, 0.29)
-0.08 -0.01 0.07 -0.10
(<0.11, -0.04) (-0.07,0.04)  (-0.04,0.18) (-0.18,-0.02)

1 (reference)

1 (reference)

1 (reference)

1 (reference)

-0.04 -0.07 0.06 -0.34
(-0.07,-0.02)  (-0.11,-0.03)  (-0.03,0.14) (-0.40, —0.29)
-0.06 -0.09 0.26 -0.61
(-0.08,-0.03)  (-0.14,-0.05)  (0.17,0.35)  (-0.67,-0.55)

1 (reference)

1 (reference)

1 (reference)

1 (reference)

-0.03 -0.02 0.01 0.01
(-0.07, -0.00) (-0.07,0.03)  (-0.09,0.12)  (~0.07, 0.08)
-0.02 -0.05 0.04 -0.10
(-0.05,0.00)  (-0.09, -0.005) (~0.05,0.12) (-0.16, -0.04)

1 (reference)

1 (reference)

1 (reference)

1 (reference)

-0.002 -0.01 -0.01 -0.10

(-0.02, 0.02) (-0.05,0.02)  (~0.09,0.06) (-0.15,-0.05)
-0.07 -0.11 ~0.05 0.24

(~0.16, 0.01) (-0.24,0.02)  (-0.32,0.21) (-0.43, -0.06)

1 (reference)

1 (reference)

1 (reference)

1 (reference)

-0.0001 -0.01 0.12 0.09
(~0.03, 0.03) (-0.06,0.04)  (0.02,0.21)  (0.02, 0.16)
0.01 -0.006 0.24 0.13
(-0.02, 0.04) (-0.04,0.06)  (0.14,0.34)  (0.06, 0.20)

1 (reference)

1 (reference)

1 (reference)

1 (reference)

-0.005 -0.09 -0.28 -0.07
(-0.03,0.02)  (-0.13,-0.04) (-0.37,-0.20) (~0.13, —0.01)
-0.04 ~0.12 ~0.30 ~0.21
(-0.07, -0.01)  (-0.16,-0.08) (-0.39, -0.21) (~0.27, -0.15)

1 (reference)

1 (reference)

1 (reference)

1 (reference)

0.04 -0.16 0.10 -0.0002
(-0.01,0.08)  (-0.23,-0.09) (-0.04,0.25)  (~0.10, 0.10)
0.002 -0.19 0.29 -0.28
(-0.03,0.04)  (-0.25,-0.13)  (0.17,0.40)  (-0.36, -0.20)

*For IL-6, sample size=2733.
CVD, cardiovascular disease;hsCRP, high-sensitivity C-reactive protein; hs-cTnT, high-sensitivity cardiac troponin T;IL-8, interleukin 6; LS7, Life’s
Simple 7; NT-proBNP, N-terminal pro B-type natriuretic peptide.

association between the CVH score and most of the
CVD-related biomarkers. Higher CVH scores were associ-
ated with lower concentrations of all of the CVD-related
biomarkers in women and men, except for NT-proBNP
that showed a direct relationship. We found a simi-
larly inverse relationship between the LS7 metrics and

CVD-related biomarkers except for NT-proBNP where
the associations were both direct and inverse. Addi-
tionally, we observed a direct association between ideal
cholesterol and IL-6 in both sexes. In the stratified anal-
yses by race/ethnicity and age, the associations observed
were similar for both sexes.

6

Osibogun 0, et al. BMJ Open 2019;9:e031414. doi:10.1136/bmjopen-2019-031414



Table 4 The associations between LS7 metrics and CVD-related biomarkers in men, n=2604

hsCRP D-dimer Fibrinogen Homocysteine hs-cTnT NT-ProBNP IL-6*
(mg/L) (vg/mL) (mg/dL) (umol/L) (ng/L) (pg/mL) (pg/mL)
Smoking
Poor 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
Intermediate -0.16 -0.17 -0.04 -0.16 -0.07 -0.52 -0.21
(-0.50, 0.17) (-0.45, 0.11) (-0.10, 0.02) (-0.25, -0.07) (-0.25,0.12) (-0.86,-0.19) (-0.42, -0.005)
Ideal -0.27 -0.17 -0.05 -0.05 0.02 -0.15 -0.19
(-0.39, 0.15) (-0.27,-0.07) (-0.07, -0.03) (-0.08, -0.02) (-0.04,0.08) (-0.27,-0.03) (-0.27,-0.12)

Body mass index

Poor 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)

Intermediate -0.50 -0.11 —-0.06 -0.01 -0.17 0.07 -0.30
(-0.59, -0.40) (-0.20, -0.03) (-0.08, -0.05) (-0.04, 0.01) (-0.28,-0.12) (-0.02,0.17) (-0.36, —0.24)

Ideal -0.80 -0.17 -0.08 -0.02 -0.29 0.25 -0.37
(-0.92, -0.69) (-0.26, -0.07) (-0.10, —0.06) (-0.05, 0.01) (-0.35, -0.23) (0.14, 0.36) (-0.43, -0.30)

Physical activity

Poor 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)

Intermediate 0.09 -0.06 -0.002 -0.01 -0.07 0.03 -0.02
(-0.04, 0.23) (-0.17, 0.06) (-0.03, 0.02) (-0.05, 0.02) (-0.14, 0.01) (-0.10, 0.17) (-0.10, 0.07)

Ideal -0.03 -0.05 -0.02 -0.02 -0.07 0.05 -0.14
(-0.14, 0.07) (-0.13,0.04) (-0.04, -0.004) (-0.05, -0.00) (-0.13,-0.02) (-0.05,0.15) (-0.20, -0.07)

Diet

Poor 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)

Intermediate -0.11 0.002 —-0.01 —-0.003 -0.02 0.04 -0.05
(-0.19, -0.02) (-0.07, 0.07) (-0.03, 0.00) (-0.02, 0.02) (-0.07, 0.02) (-0.04,0.12) (-0.10, —0.003)

Ideal -0.57 -0.50 0.01 0.06 -0.17 0.31 -0.14
(-1.25,0.11) (-1.07,0.07) (-0.12, 0.14) (-0.11, 0.24) (-0.54, 0.20) (-0.36, 0.98) (-0.56, 0.27)

Total cholesterol

Poor 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)

Intermediate -0.03 0.01 -0.04 -0.003 -0.10 -0.09 0.08
(-0.17, 0.11) (-0.11,0.12) (-0.06, -0.01) (-0.04, 0.03) (-0.18,-0.02) (-0.22, 0.05) (-0.01, 0.16)

Ideal -0.01 0.05 -0.05 -0.006 -0.10 0.19 0.17
(-0.15,0.13) (-0.06, 0.17) (-0.08, -0.03) (-0.04, 0.03) (-0.17, -0.02) (0.05, 0.32) (0.08, 0.25)

Blood pressure

Poor 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)

Intermediate -0.10 -0.06 —-0.01 -0.03 -0.12 -0.37 -0.07
(-0.20, 0.01) (-0.14, 0.03) (-0.03, 0.004) (-0.06, —0.005) (-0.18, -0.07) (-0.47,-0.27) (-0.13, -0.01)

Ideal -0.23 -0.01 -0.03 -0.04 -0.22 -0.40 -0.09
(-0.34, -0.13) (-0.10, 0.08) (-0.05, -0.01) (-0.07, -0.02) (-0.27, -0.16) (-0.50, -0.30) (-0.16, -0.03)

Blood glucose

Poor 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)

Intermediate 0.07 0.03 -0.01 0.04 -0.23 -0.06 -0.04
(-0.08, 0.22) (-0.09, 0.16) (-0.04, 0.02) (-0.0083, 0.08) (-0.31,-0.15) (-0.21, 0.09) (-0.14, 0.05)

Ideal -0.17 0.04 -0.03 0.01 -0.36 0.04 -0.15
(-0.30, -0.04)  (-0.07, 0.15) (-0.06, -0.01) (-0.02, 0.05) (-0.43,-0.29) (-0.09,0.17) (-0.23, -0.07)

*For IL-6, n=2546.

CVD, cardiovascular disease;hsCRP, high-sensitivity C-reactive protein; hs-cTnT, high-sensitivity cardiac troponin T;IL-8, interleukin 6; LS7, Life’s
Simple 7; NT-proBNP, N-terminal pro B-type natriuretic peptide.

Our results are similar to a study conducted to
investigate the association between CVH metrics and
biomarkers (hsCRP and homocysteine) among 3009
Chinese adults between the ages of 24 and 85 years,
without a history of CVD.” In that study, after adjusting for
age, sex and education, a unit increment in CVH score

was inversely related to biomarker concentration (CRP:
-0.182 (-0.652, —0.457); homocysteine: —0.092 (-0.930,
—0.426)). A similar association was found in women and
men, although the association was stronger in women.

A cross-sectional study of 2680 participants from the
Framingham Heart Study also examined the association
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between CVH and CVD-related biomarkers (BNP, CRP,
D-dimer, fibrinogen and homocysteine).** Similar to our
findings in MESA, the Framingham researchers found
that the CVH score had a direct association with higher
circulating concentrations of natriuretic peptides but was
inversely related to blood concentrations of the other
biomarkers examined, after adjusting for age and sex.*”
For a unit increase in CVH score, the beta coefficients for
the biomarkers were as follows: BNP, 0.057 pg/mL (0.035,
0.080); CRP, -0.248 mg/L (-0.279, -0.217); D-dimer,
-0.030 ng/mL (-0.046, -0.014); fibrinogen, —0.028 mg/
dL (-0.033, -0.023) and homocysteine, —0.021 mmol/L
(-0.029, —0.012). The authors concluded that the inverse
association of CVH with incident CVD events was at least
partly attributable to the favourable relationship of CVH
and subclinical biomarkers of risk.” Notably, none of
the aforementioned studies examined for effect modifi-
cation by sex in the association of CVH with subclinical
biomarkers, as we newly present here. One prior study
conducted in a Chinese population’ did stratify the asso-
ciation between CVH and biomarkers by sex; however,
they did not test for effect modification. In contrast to
our study, that study did not include D-dimer, fibrinogen,
hs-cTnT, NT-proBNP and IL-6 in their analysis.”

Our main finding showed a better CVH score was
associated with lower concentrations of all CVD-related
biomarkers (except NT-proBNP) in both women and
men. Despite statistically significant interactions by sex for
the total CVH score, qualitatively the magnitude of lower
concentrations for these biomarkers per one unit incre-
ment in CVH were generally similar among women and
men. However, for the metric of ideal BMI, the magni-
tude of lower concentrations of hsCRP, D-dimer, fibrin-
ogen and IL-6 per unit of CVH was greater in women
than men. In the univariate analysis, women in this study
had slightly higher BMI than men. Studies have shown
that oestrogen and adipose tissue may increase the circu-
lating levels of inflammatory biomarkers,” ** and thus a
more favourable BMI might have greater impact on these
biomarker concentrations in women than men.

Additionally, we noted that in women, ideal BMI, a
health behaviour, was associated with a greater magni-
tude of reduction in hsCRP, D-dimer, fibrinogen and IL-6
compared with ideal blood pressure, ideal blood glucose
(health factors) while in men, the same association was
observed for hsCRP and IL-6. This may suggest that
attaining ideal health behaviours such as ideal BMI may
lead to more reductions in the biomarkers of CVD risk
compared with ideal health factors. However, more elabo-
rate studies would be needed to explore these findings so
definite conclusions can be reached because of the impor-
tance of biomarkers such as hsCRP, fibrinogen and IL-6
in mediating the relationship between CVH and CVD.**
For example, in a prior study of over 9300 men followed
for 10 years, individuals with ideal CVH had lower risk for
all CVD subtypes examined and the lower risk of coronary
heart disease was mediated in part through lower inflam-
matory and hemostatic factors.**

In our univariate analyses, homocysteine concentrations
were higher in men which may be attributable to a higher
prevalence of smoking and poorer healthy diet score.” In
the adjusted regression analyses, a unit increment in CVH
score corresponded to a slightly lower concentration of
homocysteine in women. In addition, the higher preva-
lence of smoking found in men in this study may be respon-
sible for their higher baseline hs-cTnT concentrations.*
Although in adjusted regression analysis, the magnitude
of concentration of hs-cTnT per l-unit increment in CVH
score was lower in men. Moreover, we found that ideal
cholesterol was directly associated with IL-6 in both sexes.
Although this finding has been previously documented
among healthy individuals, other studies have reported
an inverse association in pathological conditions, which
according to prior research may suggest polymorphism
in the IL-6 gene differentially affects lipid metabolism.?’

Interestingly, a better CVH score was associated with
higher concentrations of NT-proBNP, particularly in
women. Atfirst this may seem paradoxical, as in the setting
of disease states, BNP levels are frequently elevated.
However, in normal states, NT-proBNP actually plays a
favourable cardioprotective role by inhibiting cardiac
hypertrophy and fibrosis as well as promoting vasodila-
tion and natriuresis. In patients with heart failure, there
is relative BNP deficiency and BNP resistance, resulting in
a compensatory increase in NT-proBNP concentrations to
restore homeostasis.” We found that baseline concentra-
tions of NT-proBNP were higher in women than men, as
previously reported in MESA,'’ although average concen-
trations for both sexes were within normal limits in this
cohort free of clinical heart failure at baseline. Other
previous studies have also reported higher NT-proBNP
concentrations in women,”* as well as a prior analysis in
the MESA cohort that showed a more androgenic (‘male-
like’) sex hormone profile was associated with lower
NT-proBNP concentrations.'’

The sex-specific differences observed in the association
of CVH and CVD-related biomarkers may reflect different
pathways of CVD risk. Additional research that explain
the potential sex-specific mechanisms underlying the
association between CVH and CVD-related biomarkers
may improve our knowledge of the development of CVD
in women and men.” An understanding of these path-
ways may also help clinicians tailor interventions specific
to the prevention and treatment of CVD risk factors in
women and men.” Our study emphasises the importance
of promoting ideal CVH, which may be more benefi-
cial in women, particularly with research showing that
women have poorer cardiovascular outcomes compared
with men. Encouraging the attainment of ideal CVH may
reverse this trend and lead to a decrease in CVD burden.

In the interpretation of our findings, some limita-
tions should be noted. First, neither temporality nor
causal inferences between the association of CVH and
CVD-related biomarkers can be determined because
of the cross-sectional study design. Second, we cannot
rule out recall bias from the use of self-administered
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questionnaires to collect data on smoking, diet and
physical activity. Third, the findings of this study may
not be generalisable to younger people or adults of very
advanced age because our participants were between ages
of 45 and 84 years old. Fourth, multiple statistical tests
were performed and some findings might be expected
to occur by chance; however, our findings were generally
consistent between women and men and across age and
race/ethnic subgroups. Lastly, CVH was assessed once at
baseline and may not be representative of the future CVH
status of study participants.

CONCLUSIONS

We found that more favourable CVH scores were associ-
ated with lower concentrations of CVD-related biomarkers
in both women and men, except for NT-proBNP which
showed a direct relationship. These favourable associ-
ations of CVH with biomarkers of risk may be an inter-
mediary step in the prevention of clinical CVD events.
Overall, our findings were qualitatively similar between
the sexes and suggest that promotion of ideal CVH would
have similarly favourable impact on the reduction of
biomarkers of risk among women and men. However,
long-term outcome studies are needed to improve our
understanding of the underlying sex-specific mechanisms
and the clinical implications of these findings.
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