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Hepatocyte growth factor is associated
with greater risk of extracoronary
calcification: results from the
multiethnic study of atherosclerosis

Oluseye Ogunmoraoti

,'2 Olatokunbo Osibogun

3 Richard A Ferraro,'?

Paul M Ndunda,* Nicholas B Larson,® Paul A Decker,® Suzette J Bielinski,®
Roger S Blumenthal,? Matthew J Budoff,” Erin D Michos © 2

ABSTRACT

Background Hepatocyte growth factor (HGF) is a
biomarker with potential for use in the diagnosis,
treatment and prognostication of cardiovascular disease
(CVD). Elevated HGF is associated with calcification in the
coronary arteries. However, knowledge is limited on the
role HGF may play in extracoronary calcification (ECC).
This study examined whether HGF is associated with ECC
in the aortic valve (AVC), mitral annulus (MAC), ascending
thoracic aorta and descending thoracic aortic (DTAC).
Methods At baseline, adults aged 45-84 years, free

of CVD, in the Multi-Ethnic Study of Atherosclerosis had
HGF and ECC measured by ELISA and cardiac CT scan,
respectively. ECC measurements were repeated after an
average of 2.4 years of follow-up. Prevalent ECC was
defined as Agatston score >0 at baseline. Incident ECC
was defined as Agatston score >0 at follow-up among
participants with Agatston score=0 at baseline. We used
Poisson and linear mixed-effects regression models to
estimate the association between HGF and ECC, adjusted
for sociodemographic and CVD risk factors.

Results 0f 6648 participants, 53% were women. Mean
(SD) age was 62 (10) years. Median (IQR) of HGF was 905
(757-1087) pg/mL. After adjustment for CVD risk factors,
the highest HGF levels (tertile 3) were associated with
greater prevalence and extent of AVC, MAC and DTAC

at baseline compared with the lowest tertile (tertile 1).
Additionally, the risk of incident AVC and MAC increased
by 62% and 45%, respectively, in demographic-adjusted
models. However, the associations were not statistically
significant in fully adjusted models. The highest HGF levels
were also associated with 10% and 13% increase in MAC
and DTAC progression, respectively, even after adjustment
for CVD risk factors.

Conclusion Higher HGF levels were significantly
associated with a greater risk of calcification at some
extracoronary sites, suggesting an alternate biological
pathway that could be targeted to reduce CVD risk.

INTRODUCTION

Hepatocyte growth factor (HGF) is a novel
biomarker with the potential for use in the
diagnosis, treatment, prognostication and

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Elevated hepatocyte growth factor is associated
with calcification in the coronary arteries. However,
it remains unclear whether hepatocyte growth fac-
tor increases the risk of calcification at extracoro-
nary sites.

WHAT THIS STUDY ADDS

= In a large multiethnic community-based cohort,
higher levels of hepatocyte growth factor were sig-
nificantly associated with a greater risk of calcifica-
tion at multiple extracoronary sites.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Hepatocyte growth factor may represent an alter-
nate biological pathway that could be targeted to
reduce the burden of cardiovascular disease.

prevention of cardiovascular disease (CVD) 13
It is a derivative of mesenchymal cells with
multiple cardioprotective functions such as
the regulation of cell growth, cell motility
and cell morphogenesis, in addition to its
antiapoptotic, antifibrotic, anti-inflammatory
and angiogenic properties.”” HGF may be a
useful biomarker of clinical and subclinical
CVD, in part because it is released on damage
to cardiac and vascular endothelial cells.” ®
Prior research that examined the association
of circulating HGF with subclinical and clin-
ical CVD found that higher HGF levels were
associated with greater progression of athero-
sclerosis measured by coronary artery calcifi-
cation (CAC) and carotid plaque.® Addition-
ally, higher HGF levels were associated with
an increased risk of incident coronary heart
disease (CHD), stroke, heart failure and poor
cardiovascular health.”"

However, it is unknown whether higher
HGF levels are associated with an increase
in the risk of extracoronary calcification
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(ECC) measured in the aortic valve (AVC), mitral
annulus (MAC), ascending thoracic aorta (ATAC) and
descending thoracic aorta (DTAC) . While CAC and ECC
share many risk factors in common, these risk factors do
not necessarily overlap across vascular beds. In addition,
calcification in multiple extracoronary sites is associated
with an increased risk for CHD and mortality."' ' There-
fore, further research is needed to understand factors
that drive atherosclerosis in different vascular beds. This
study aims to test the hypothesis that study participants
with higher HGF levels would be more likely to have a
higher prevalence and incidence of ECC as well as greater
extent and progression of ECC, regardless of sex or race/
ethnicity.

METHODS

Study population

The Multi-Ethnic Study of Atherosclerosis (MESA) is a
prospective cohort study designed to investigate the prev-
alence, correlates and progression of subclinical CVD."
From 2000 to 2002, MESA recruited 6814 participants
aged 45-84 years free of clinically recognised CVD from
populations near six field centres in Baltimore, Mary-
land; Chicago, Illinois; Forsyth County, North Carolina;
Los Angeles, California; New York, New York and St Paul,
Minnesota. The study participants were non-Hispanic
White (38%), Chinese-American (12%), non-Hispanic
Black (28%) and Hispanic (22%) adults. The Institu-
tional Review Boards of the participating field centres
approved MESA and its ancillary studies. All recruited

study participants gave written informed consent. The
final analytical sample used for this study was 6648 after
excluding participants with missing observations for the
variables of interest (figure 1).

Exposure: HGF

To measure serum HGF, venous blood was obtained from
fasting participants during the baseline examination.
Serum separation was completed within 30 minutes of
phlebotomy and aliquots were stored at ~70°C.° A quan-
titative sandwich ELISA with the Human soluble HGF/
CD62P Immunoassay kit (R&D Systems, Minneapolis,
Minnesota) was used to measure serum HGF protein.
This methodology was validated by R&D systems, as spec-
ified in the package insert and verified by the laboratory
at the University of Minnesota that measured HGF for
this study. The lower limit of detection was 40 pg/mL.°"*
The interassay laboratory coefficients of variation were
12.0%, 8.0% and 7.4% at respective mean concentrations
of 687 pg/mL, 2039 pg/mL and 4080 pg/mL for lyoph-
ilised manufacturer’s controls,6 " and 10.4% at a mean
concentration of 688 pg/mL for an in-house pooled
serum control.®'*

Outcome: ECC

The details of the MESA cardiac CT protocol have
been previously described.”” Between 2000 and 2002,
two consecutive baseline non-contrast cardiac CT scans
that were ECG gated to the R-R interval were obtained
from each study participant.'”” The Imatron C-150XL
electron-beam CT scanner (GE-Imatron, San Francisco,

MESA Exam 1
N=6,814
Exclusions
* Missing HGF (n=36)
+ Missing ECC (n=4)
» Missing Covariates (n=126)

N=203 (4%) N=226 (4%)

Figure 1

Analytic
sample
N=6,648

Prevalent AVC Prevalent MAC Prevalent ATAC Prevalent DTAC

N=884 (13%) N=628 (9%) N=225 (3%) N= 1,807 (27%)

| | | |
Participants with follow-up ECC scores after excluding those with prevalent ECC
Navc= 4,927 Nyac= 9,114 Nppac=5,448  Nppac= 4,165
Incident AVC Incident MAC Incident ATAC Incident DTAC

N=103 (2%) N=478 (11%)

Flowchart of study participants. ATAC, ascending thoracic aorta; AVC, aortic valve; DTAC, descending thoracic

aortic; ECC, extracoronary calcification; HGF, hepatocyte growth factor; MAC, mitral annulus; MESA, Multi-Ethnic Study of

Atherosclerosis.
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Table 1 Characteristics of study participants by HGF tertiles

Total First tertile Second tertile Third tertile
N=6648 n=2216 n=2216 n=2216 P value
HGF, pg/mL 905 700 905 1172 -
(757-1,087) (624-757) (858-958) (1087-1325)
Age, years 62 (10) 59 (9) 62 (10) 65 (10) <0.001
Sex
Women 3514 (53%) 1079 (49%) 1213 (55%) 1222 (55%) <0.001
Men 3134 (47%) 1137 (51%) 1003 (45%) 994 (45%)
Race/ethnicity
White 2562 (39%) 960 (43%) 809 (37%) 793 (36%)
Chinese American 800 (12%) 401 (18%) 261 (12%) 138 (6%) <0.001
Black 1819 (27%) 594 (27%) 643 (29%) 582 (26%)
Hispanic 1467 (22%) 261 (12%) 503 (23%) 703 (32%)
Education
>Bachelor’s degree 2361 (36%) 1034 (47%) 782 (35%) 545 (25%) <0.001
<Bachelor’s degree 4287 (64%) 1182 (53%) 1434 (65%) 1671 (75%)
Physical activity, MET- 4013 4493 4060 3540 <0.001
min/wk (1970-7500) (2261-8168) (1980-7463) (1590-6908)
Smoking
Never 3383 (51%) 1204 (54%) 1179 (53%) 1000 (45%)
Former 2414 (36%) 809 (37%) 774 (35%) 831 (38%) <0.001
Current 851 (13%) 203 (9%) 263 (12%) 385 (17%)
Pack-years of smoking 16 (6-33) 14 (5-28) 17 (6-32) 19 (7-38) <0.001
if >0
BMI, kg/m? 28 (5) 27 (5) 28 (5) 30 (6) <0.001
Health insurance
Yes 6050 (91%) 2018 (91%) 2009 (91%) 2023 (91%) 0.758
No 598 (9%) 198 (9%) 207 (9%) 193 (9%)
Total cholesterol, mg/dL 194 (36) 194 (35) 196 (36) 192 (36) <0.001
HDL-C, mg/dL 51 (15) 53 (16) 51 (15) 49 (14) <0.001
Use of lipid-lowering 1089 (16%) 306 (14%) 363 (16%) 420 (19%) <0.001
medication
Systolic BP, mm Hg 127 (22) 122 (20) 127 (21) 131 (22) <0.001
Use of antihypertensive 2472 (37%) 608 (27%) 829 (37%) 1035 (47%) <0.001
medication
Diabetes 834 (13%) 141 (6%) 256 (12%) 437 (20%) <0.001
eGFR, ml/min per 1.73 m? 78 (16) 80 (14) 78 (16) 75 (18) <0.001
AVC, Agatston units 26 (203) 14 (139) 23 (230) 41 (226) <0.001
MAC, Agatston units 49 (431) 13 (266) 38 (372) 97 (586) <0.001
ATAC, Agatston units 9 (140) 3(43) 8 (113) 14 (210) 0.024
DTAC, Agatston units 219 (868) 109 (632) 214 (836) 333 (1066) <0.001

Data were presented as n (%), mean (SD) or median (IQR).

ATAC, ascending thoracic aortic calcification; AVC, aortic valve calcification; BMI, body mass index; BP, blood pressure; DTAC, descending
thoracic aortic calcification; eGFR, estimated glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol; HGF, hepatocyte growth
factor; MAC, mitral annular calcification; MET-min/wk, metabolic equivalent of task-minutes per week.

California) was used at three field centres while the four
slice-multidetector row CT scanner was used at the three
other centres.”” High concordance has been reported

between both CT scanner types with a kappa statistic of
0.94-0.96."°'7 After an average of 2.4 years, study partic-
ipants were randomly assigned for a follow-up CT scan

Ogunmoroti 0, et al. Open Heart 2022;9:001971. doi:10.1136/openhrt-2022-001971 3
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Figure 2 Distribution of prevalent ECC by HGF tertiles.
Green: first tertile of HGF; orange: second tertile of HGF;
red: third tertile of HGF. ATAC, ascending thoracic aorta;
AVC, aortic valve; DTAC, descending thoracic aortic; ECC,
extracoronary calcification; HGF, hepatocyte growth factor;
MAC, mitral annulus.

at either examination 2 (2002-2004) or examination 3
(2004-2005). The Agatston scoring method'® was used to
quantify the presence of calcification at four extracoro-
nary sites, namely (1) AVC to just before the aortic root,
(2) level of the MAC, (3) ATAC and (4) DTAC.

Covariates

The covariates included in this study were assessed as
continuous or categorical variables. We assessed age,
body mass index (BMI), physical activity, pack-years of
smoking, systolic blood pressure, total cholesterol, high-
density lipoprotein cholesterol (HDL-C) and estimated
glomerular filtration rate (eGFR) as continuous variables
while sex, race/ethnicity, MESA field centre, health insur-
ance, education, smoking, diabetes, use of antihyperten-
sive and use of lipid-lowering medication were assessed as
categorical variables.

p <0.001

p <0.001 p <0.001

p <0.01

0 =

AVC MAC ATAC
@ 1st Tertile ©2nd Tertile ®3rd Tertile

Figure 3 Distribution of incident ECC by HGF tertiles.
Green: first tertile of HGF; orange: second tertile of HGF;
red: third tertile of HGF. ATAC, ascending thoracic aorta;
AVC, aortic valve; DTAC, descending thoracic aortic; ECC,
extracoronary calcification; HGF, hepatocyte growth factor;
MAC, mitral annulus.

IS

N

DTAC
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BMI was calculated as weight over height squared (kg/
m?). Physical activity was measured in metabolic equiv-
alent of task-minute/week (MET-min/week) from the
total minutes of moderate and vigorous exercise. Systolic
blood pressure was measured three times in a seated posi-
tion and the mean of the last two measurements was used
in the analyses. Fasting blood samples were collected to
measure total cholesterol and HDL-C. eGFR was calcu-
lated from serum concentrations of creatinine and
cystatin C measured at baseline using the Chronic Kidney
Disease Epidemiology Collaboration equation.'

Health insurance status was categorised as participants
with or without health insurance. Education was dichot-
omised as >Bachelor’s degree and <Bachelor’s degree.
Smoking status had three categories: never, former and
current. Diabetes was defined using criteria from the
American Diabetes Association.”

Statistical analyses

We performed all analyses using STATA statistical soft-
ware V.15.0 and considered a p value <0.05 under a two-
tailed test as statistically significant. Baseline characteris-
tics of study participants were grouped by HGF tertiles.
We reported frequencies with percentages for categorical
variables and means with SD or medians with IQR for
continuous variables. We used the %* and analysis of vari-
ance tests to compare baseline characteristics by the HGF
tertiles for categorical and continuous variables, respec-
tively.

Prevalent ECC was defined as Agatston score >0 at the
baseline scan. Incident ECC was defined as Agatston
score >0 at the follow-up scan among participants with
Agatston score=0 at the baseline scan. We examined the
associations of HGF (categorised into three tertiles) with
prevalent and incident ECC (each of the four measures
separately) using Poisson regression models with robust
variance estimation. Estimates were presented with the
corresponding 95% Cls. The models were progressively
adjusted as follows: model 1 was adjusted for basic demo-
graphics: age, race/ethnicity, sex and field centre. Model
2 was adjusted for covariates in model 1 in addition to
education, physical activity, smoking status, pack-years
of smoking, BMI and health insurance. Model 3 was
adjusted for covariates in models 1 and 2 along with total
cholesterol, HDL-C, use of lipid-lowering medication,
systolic blood pressure, use of antihypertensive medica-
tion, diabetes mellitus and eGFR.

The four measures of ECC were also modelled as
continuous variables on the raw scale in Agatston units
and logarithmically transformed for analysis. We used
a linear mixed-effects regression model to estimate the
associations of HGF with ECC extent at baseline and
progression at 2 years. The linear mixed-effects regres-
sion model jointly examines cross-sectional and longitu-
dinal effects of covariates on ECC, while also considering
participant-specific random slopes and intercepts. The
three adjusted models fitted for this analysis were similar
to the aforementioned models for the Poisson regression.

Ogunmoroti O, et al. Open Heart 2022;9:¢001971. doi:10.1136/0penhrt-2022-001971
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Table 2 Multivariable-adjusted prevalence ratios for the association between HGF and ECC

Model 1 Model 2 Model 3
Aortic valve
HGF tertile 1 Reference Reference Reference
HGF tertile 2 1.24 (1.04,1.47)** 1.19 (1.00, 1.42)*** 1.14 (0.96, 1.36)
HGF tertile 3 1.50 (1.26, 1.78)* 1.38 (1.16, 1.64)* 1.31 (1.11, 1.55)**
Mitral annulus
HGF tertile 1 Reference Reference Reference
HGF tertile 2 1.24 (0.99, 1.57) 1.20 (0.95, 1.51) 1.19(0.94, 1.50)
HGF tertile 3 1.80 (1.44, 2.25) 1.64 (1.31, 2.06)* 1.61 (1.28, 2.02)*
Ascending Thoracic Aorta
HGF tertile 1 Reference Reference Reference
HGF tertile 2 1.25(0.84, 1.85) 1.15(0.77,1.71) 1.08 (0.72, 1.60)
HGF tertile 3 1.84 (1.26, 2.69)** 1.53 (1.04, 2.24)*** 1.46 (0.99, 2.14)
Descending Thoracic Aorta
HGF tertile 1 Reference Reference Reference
HGF tertile 2 1.15 (1.04,1.27)* 1.10(1.00, 1.22) 1.06 (0.96, 1.17)
HGF tertile 3 1.28 (1.16, 1.41)* 1.18 (1.07,1.31)** 1.13 (1.02, 1.25)***

Prevalence ratios were derived from multivariable-adjusted Poisson regression models with robust variance estimation. Prevalent ECC was

defined as Agatston score >0 at baseline.
Model 1: adjusted for age, sex, race/ethnicity and field centre.

Model 2: adjusted for model one covariates plus education, physical activity, smoking, pack-years of smoking, BMI and health insurance.
Model 3: adjusted for model two covariates plus total cholesterol, HDL-C, use of lipid-lowering medication, systolic blood pressure, use of

antihypertensive medication, diabetes and eGFR.
Statistically significant results at: * p<0.001; ** p<0.01; *** p<0.05.

BMI, body mass index; ECC, extracoronary calcification; eGFR, estimated glomerular filtration rate; HDL-C, high-density lipoprotein

cholesterol; HGF, hepatocyte growth factor.

The distribution of prevalent and incident ECC by HGF
tertiles were presented as figures. We tested for the inter-
action of HGF with sex and race/ethnicity by including
cross-product terms in the fully adjusted models. Strati-
fied analysis by subgroups was conducted where interac-
tion was statistically significant.

RESULTS

The mean age (SD) of MESA participants at baseline was
62 (10) years and 53% were women. A review of baseline
characteristics showed that sociodemographic factors,
CVD risk factors and ECC differed by HGF tertiles except
for health insurance status. Mean baseline ECC scores
were higher across increasing HGF tertiles (table 1). The
counts with percentages of participants with prevalent
and incident calcification at the four extracoronary sites
are shown in figure 1. The distributions of prevalent and
incident ECC by HGF tertiles are shown in figures 2 and
3, respectively.

Cross-sectional analyses

Table 2 shows the cross-sectional association between
HGF and prevalent ECC at baseline (ie, ECC scores
>0). After adjustment for demographics (model 1), the
highest HGF levels (tertile 3) were associated with a
greater likelihood of having prevalent ECC for all four

measures, with 50% (26%, 78 %), 80% (44%, 125%), 84%
(26%, 169%) and 28% (16%, 41%) higher prevalence
of AVC, MAC, ATAC and DTAC, respectively. Although
the prevalence ratios were attenuated, the association
of HGF with the prevalence of these ECC measures
remained statistically significant after full adjustment
for CVD risk factors (model 3) except for ATAC. Table 3
shows the association between HGF and ECC extent at
baseline (log-transformed ECC +1). Likewise, we found
HGEF levels in the highest tertile were associated with a
greater extent of all four ECC measures at baseline. After
adjustment for demographics (model 1), HGF was asso-
ciated with 28% (18%, 40%), 32% (22%, 44%), 9% (4%,
15%) and 56% (36%, 79%) greater extent of AVC, MAC,
ATAC and DTAC, respectively. After full adjustment for
CVD risk factors (model 3), the association of HGF with
AVC, MAC and DTAC extent remained statistically signif-
icant, although the associations were attenuated.

Longitudinal analyses

Over the average follow-up of 2.4 years, participants with
the highest HGF levels had an increased risk of incident
AVC (incident rate ratios: 1.62 (1.12, 2.34)) and incident
MAC (1.45 (1.03, 2.03)) but not incident ATAC or DTAC
(table 4). After full adjustment for CVD risk factors in
model 3, the association of HGF with incident ECC was

Ogunmoroti 0, et al. Open Heart 2022;9:001971. doi:10.1136/openhrt-2022-001971



Open Heart

Table 3 Multivariable-adjusted per cent difference for the
association between HGF and ECC extent

Model 1 Model 2 Model 3
Aortic valve
HGF tertile 1 Reference Reference Reference
HGF tertile 2 4 (-3,12) 2(-5,10) 0(-7,8)
HGF tertile 3 28 (18, 40)* 22 (12, 34)* 18 (8, 30)*
Mitral annulus
HGF tertile 1 Reference Reference Reference
HGF tertile 2 4 (-2, 11) 2(-5,9) 1(-6,7)
HGF tertile 3 32 (22, 44)* 26 (16, 37)* 22 (12, 33)*
Ascending thoracic aorta
HGF tertile 1 Reference Reference Reference
HGF tertile 2 2 (-2, 6) 1(-3,5) 0(-4,4)
HGF tertile 3 9 (4, 15)* 71,12 5(0,11)
Descending thoracic aorta
HGF tertile 1 Reference Reference Reference
HGF tertile 2 21 (7, 36)** 16 (3, 31)** 9(-4,22
HGF tertile 3 56 (36, 79) 40 (21, 61)* 24 (8,43)*

ECC extent at baseline was derived from multivariable-adjusted
linear mixed-effects models with robust variance estimation. Per
cent difference was calculated from(Exp (B) —1)*100.

Model 1: adjusted for age, sex, race/ethnicity and field centre.
Model 2: adjusted for model one covariates plus education,
physical activity, smoking, pack-years of smoking, BMI and health
insurance.

Model 3: adjusted for model two covariates plus total cholesterol,
HDL-C, use of lipid-lowering medication, systolic blood pressure,
use of antihypertensive medication, diabetes and eGFR.
Statistically significant results at: *P <0.001; ** p<0.01; *** p<0.05.
BMI, body mass index; ECC, extra-coronary calcification;

eGFR, estimated glomerular filtration rate; HDL-C, high-density
lipoprotein cholesterol; HGF, hepatocyte growth factor.

no longer statistically significant. Table 5 shows the asso-
ciation between HGF and 2-year progression of ECC. In
fully adjusted models, the highest HGF levels were asso-
ciated with 10% (4%, 15%) increase in MAC progres-
sion and 13% (6%, 21%) increase in DTAC progression.
However, there was no evidence of AVC or ATAC progres-
sion at 2 years.

We found significantinteraction bysex (p<0.001) for the
association between HGF and AVC. In the fully adjusted
models, men in the highest HGF tertile had 30% (11%,
51%) greater AVC extent at baseline and 10% (2%, 18%)
increase in AVC progression at 2 years (online supple-
mental table S1). There was no evidence of a significant
association between HGF and AVC extent or progression
in women. We also found significant interaction by race/
ethnicity for the association of HGF with MAC (p=0.04)
and DTAC (p=0.001). In the stratified analysis by race/
ethnicity, we observed that White and Hispanic partic-
ipants in the highest HGF tertile had an adjusted 31%
(12%, 54%) and 27% (10%, 47%) greater MAC extent
at baseline, respectively (online supplemental table

3

S2). Chinese-American and Black participants had an
adjusted 18% (0%, 39%) and 9% (0%, 19%) increase in
MAC progression at 2 years, respectively (online supple-
mental table S2). In addition, Black participants had an
adjusted 32% (4%, 67%) greater DTAC extent at base-
line and 20% (6%, 37%) increase in DTAC progression
at 2 years while White participants had 17% (5%, 30%)
increase in DTAC progression at 2 years (online supple-
mental table S3).

DISCUSSION

Summary of results

In this multiethnic cohort of adults free of CVD at base-
line, we found that HGF levels in the highest tertile
(tertile 3) were associated with greater risk of prevalent
ECC compared with the lowest tertile (tertile 1). However,
in the fully adjusted models, there was no evidence of a
similar association for incident ECC. The highest levels
of HGF were associated with greater ECC extent at base-
line but with only MAC and DTAC progression at 2 years.
There was evidence of an association of the highest
HGEF levels with AVC extent and progression in men but
none in women. A greater MAC extent at baseline was
observed in White and Hispanic participants with HGF
levels in tertile 3, while an increase in MAC progression
at 2 years was observed in Chinese-American and Black
participants. Among Black participants, HGF levels in
tertile 3 were associated with greater DTAC extent, while
an increase in DTAC progression at 2 years was seen in
White and Black participants.

Comparison to previous studies

The findings of our study are comparable to prior research
that examined the association between HGF and progres-
sion of atherosclerosis. In one study, the authors found
that higher levels of HGF were significantly associated
with greater progression of atherosclerosis measured by
CAC and carotid plaque.6 However, another study from
the same population found that in the overall cohort,
change in HGF levels over a 2-year period was not signif-
icantly associated with progression of atherosclerosis
measured by CAC, but among Black participants, change
in HGF levels was associated with 70% increase in the risk
for progression of atherosclerosis.'* Our findings extend
the results of these studies by providing evidence for the
role HGF may play in atherosclerosis at multiple extra-
coronary sites. Although CAC and ECC may share similar
risk factors, these risk factors do not necessarily overlap
across vascular beds.

Explanation of findings

HGF is a cytokine released by mesenchymal cells in
response to endothelial damage and dysfunction. Our
findings showing that higher HGF levels are associated
with the presence of ECC may be attributable to the
actions of HGF through the c-Met/Akt/Notch3 signal-
ling pathway to activate pathological vascular calcification
in smooth muscle cells.®*" Additionally, the angiogenic

6
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Table 4 Multivariable-adjusted incidence rate ratios for the association between HGF and ECC

Model 1 Model 2 Model 3
Aortic valve
HGF tertile 1 Reference Reference Reference
HGF tertile 2 1.33(0.92,1.92) 1.28 (0.89, 1.85) 1.23(0.85,1.77)
HGF tertile 3 1.62 (1.12, 2.34)*** 1.49 (1.02, 2.16)*** 1.41 (0.98, 2.04)
Mitral annulus
HGF tertile 1 Reference Reference Reference
HGF tertile 2 1.17 (0.84, 1.65) 1.08 (0.77,1.52) 1.02 (0.73,1.43)
HGF tertile 3 1.45 (1.03, 2.03)*** 1.20 (0.86, 1.70) 1.10(0.78, 1.54)
Ascending thoracic aorta
HGF tertile 1 Reference Reference Reference
HGF tertile 2 1.48 (0.88, 2.51) 1.30 (0.77,2.21) 1.22 (0.73, 2.07)
HGF tertile 3 1.63 (0.95, 2.81) 1.29 (0.73, 2.29) 1.18 (0.68, 2.06)
Descending thoracic aorta
HGF tertile 1 Reference Reference Reference
HGF tertile 2 1.01 (0.82,1.24) 0.98 (0.80, 1.20) 0.95(0.78,1.17)
HGF tertile 3 1.17 (0.95, 1.45) 1.06 (0.85, 1.31) 1.00 (0.81, 1.24)

Incidence rate ratios were derived from multivariable-adjusted Poisson regression with robust variance estimation. Incident ECC was defined
as Agatston score >0 at exam 2/3 among participants with Agatston score >0 at baseline.

Model 1: adjusted for age, sex, race/ethnicity, field centre and time between scans.

Model 2: adjusted for model one covariates plus education, physical activity, smoking, pack-years of smoking, BMI and health insurance.
Model 3: adjusted for model two covariates plus total cholesterol, HDL-C, use of lipid-lowering medication, systolic blood pressure, use of

antihypertensive medication, diabetes and eGFR.
Statistically significant results at: *p <0.001; **p <0.01; ***p <0.05.

BMI, body mass index; ECC, extracoronary calcification; eGFR, estimated glomerular filtration rate; HDL-C, high-density lipoprotein

cholesterol; HGF, hepatocyte growth factor.

properties of HGF in the formation of vascular plaque
facilitate the progression of atherosclerosis.”* The lack
of statistical significance for incident ECC and progres-
sion in some vascular beds could be due to small sample
sizes and insufficient duration of follow-up and may not
necessarily be explained by the presence of confounding
factors.

In stratified analyses, the highest HGF levels were linked
to a greater risk of AVC extent at baseline and progres-
sion at 2 years in men, but a similar finding was absent
in women. Median HGF levels were higher in women
than men in this study (918 pg/mL versus 887 pg/mL);
however, comparable to the results of prior research, a
higher risk factor burden in women does not always trans-
late to a higher risk for atherosclerosis.” More research
is required to understand whether there is a differential
effect of sex on the association between HGF and ECC.
Furthermore, prior research showed a lesser burden of
atherosclerosis among Black and Hispanic participants
in the MESA cohort compared with White and Chinese-
American participants.** However, in this study, we found
significant associations of the highest HGF levels with
a greater burden of atherosclerosis in varying degrees
at the different vascular beds for all four racial/ethnic
groups. The mechanisms responsible for this racial/
ethnic heterogeneity are still under investigation but may

indicate the need to develop racial/ethnic-specific nomo-
grams to accurately identify subclinical CVD burden.*

Public health implications

CVD is still the leading cause of morbidity and mortality
globally.®® In the USA, the 2020 health-adjusted life
expectancy was 67 years and the estimated annual total
expenditure on CVD was over $360 billion. Conse-
quently, CVD prevention should remain a public health
priority.?” ** As subclinical atherosclerosis precedes the
onset of clinical CVD, timely detection may prevent or
delay the progression to clinical CVD through more
comprehensive risk factor modification. In the manage-
ment of CVD, clinicians combine the clinical assessment
of patients with additional tools to improve risk stratifica-
tion, diagnosis, treatment and prognostication.”” These
additional tools include biomarkers measured and quan-
tified from blood, tissue and urine samples or assessed
by imaging techniques.” Evidence from this study and
prior studies suggest that HGF can be utilised to esti-
mate the likelihood of subclinical atherosclerosis, CHD,
stroke and heart failure.® 7% However, there is a need for
more well-designed prospective studies to replicate and
validate the findings of our study, so the full potential
of HGF can be optimised. Furthermore, future research
could explore the inclusion of HGF as a risk-enhancing
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Table 5 Multivariable-adjusted per cent change for the
association between HGF and ECC progression

Model 1 Model 2 Model 3
Aortic valve

HGF tertile 1 Reference Reference Reference

HGF tertile2 3 (-1,7) 3(-1,7) 3(-1,7)

HGF tertile 3~ 4(0, 9) 4(0,9) 4(0,9)

Mitral annulus

HGF tertile 1 Reference Reference Reference

HGF tertile2 2 (-2, 6) 2 (-2, 6) 2 (-2, 6)

HGF tertile 3 10 (4, 15)* 10 (4,15)* 10 (4, 15)
Ascending thoracic aorta

HGF tertile 1 Reference Reference Reference

HGF tertile 2~ 1 (-2, 4) 1(=2,4) 1(-2,4)

HGF tertile 3 0 (-4, 4) 0(-4,4) 0(-4,4)
Descending thoracic aorta

HGF tertile 1 Reference Reference Reference

HGF tertile2 2 (-4, 8) 2 (-4,8) 2(-4,9)

HGF tertile 3 13 (6, 21)* 13 (6, 21)* 13 (6, 21)*

ECC progression at 2 years was derived from multivariable-
adjusted linear mixed-effects models with robust variance
estimation. Per cent change was calculated from(Exp (8) —1)*100.
Model 1: adjusted for age, sex, race/ethnicity and field centre.
Model 2: adjusted for model one covariates plus education,
physical activity, smoking, pack-years of smoking, BMI and health
insurance.

Model 3: adjusted for model two covariates plus total cholesterol,
HDL-C, use of lipid-lowering medication, systolic blood pressure,
use of antihypertensive medication, diabetes and eGFR.
Statistically significant results at: * p<0.001; ** p<0.01; *** p<0.05.
BMI, body mass index; ECC, extracoronary calcification;

eGFR, estimated glomerular filtration rate; HDL-C, high-density
lipoprotein cholesterol; HGF, hepatocyte growth factor.

factor to improve the precision of atherosclerotic CVD
risk stratification.

Strengths and limitations

Strengths of this study include the prospective cohort
design and the use of a large, community-based multi-
ethnic sample. MESA employed highly standardised
methods to collect data on a broad array of CVD risk
factors and measures of calcium outside the coronary
beds. Nevertheless, our study findings should be inter-
preted in the context of the following limitations. First,
our study was observational, so we cannot prove causality
or rule out the likelihood that unmeasured or inade-
quately measured confounders may be responsible for
the observed associations. Second, our findings may not
truly represent the general population because the selec-
tion of MESA participants was not randomised. In addi-
tion, since participants were required to be free of CVD
at the time of enrollment, those with higher risk for ECC
may have been excluded, thus attenuating the strengths
of associations observed. Third, we assessed circulating

3

HGF and not tissue-specific HGF but prior research
shows that both measurements are correlated.®* Fourth,
the interval between examination 1 CT and examination
2/3 CT measurements may not have been sufficient to
demonstrate an association between HGF and ECC inci-
dence/progression in all the extracoronary sites. Finally,
we did not examine the association of HGF with meas-
ures of calcification in other vascular locations such as
the iliac arteries or aortic arch because the data were not
available.

CONCLUSIONS

In this multiethnic community-based cohort study of
adults free of CVD at baseline, higher HGF levels were
significantly associated with greater risk of prevalent
ECC and ECC extent independent of traditional CVD
risk factors. HGF was also associated with some measures
of incident ECC and progression. However, we cannot
make causal inferences because of the observational
study design. Therefore, additional well-designed studies
would be required to replicate and validate the findings
of this study to determine whether HGF may represent
an alternate biological pathway that could be targeted
to reduce CVD risk. Future research could explore the
inclusion of HGF as a risk-enhancing factor to improve
the precision of CVD risk stratification
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