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ARTICLE INFO ABSTRACT

Article history: Background: The myocardial contraction fraction (MCF: stroke volume to myocardial volume) is a volumetric
Received 15 January 2019 measure of left ventricular myocardial shortening. We examined the relationship of MCF, measured by cardiac
Received in revised form 4 July 2019 magnetic resonance imaging (cMRI), to incident cardiovascular (CV) events within the Multi-Ethnic Study of
Accepted 10 July 2019 Atherosclerosis (MESA).

Available online 11 July 2019 Methods: Participants (n = 5000, aged 45-84 years) underwent cMRI. Primary outcome: CVD events (myocardial

infarction, resuscitated cardiac arrest, stroke, coronary heart disease: CHD death, and stroke death). Secondary

K ds: . . . .

lv‘l?)}/,c‘;zz:dial contraction fraction outcomes: CHD and heart failure (HF) events. Cox proportional hazards regression was used to estimate the haz-
Cardiovascular disease ard ratio (HR) and 95% confidence intervals (CI) for outcomes.

Epidemiology Results: There were 299 incident CVD, 188 CHD, and 151 HF events over 10.2 years. The lowest MCF quartile was

associated with an increased risk for incident CVD [HR 2.42, CI: 1.58-3.72], CHD [HR 2.32, CI: 1.36-3.96] and HF
events [HR 1.99, CI: 1.15-3.44].In a model adjusted for demographics, CV risk factors, antihypertensive and lipid-
lowering medication use, each standard deviation decrease in MCF was associated with incident CVD [HR 1.42,
Cl: 1.23-1.64], CHD [HR 1.40, CI: 1.17-1.67] and HF [HR 1.58, CI: 1.30-1.94]. In a subgroup analysis of participants
with preserved ejection fraction and without left ventricular hypertrophy, the lowest MCF quartile and each
standard deviation decrease in MCF was also associated with an increased risk for incident CVD in fully-
adjusted analyses.
Conclusions: MCF is a novel measure that can be measured using cMRI. In this multi-ethnic cohort, MCF is a mea-
sure that can be used to predict incident CVD events.

© 2019 Elsevier B.V. All rights reserved.

1. Introduction for cardiovascular (CV) morbidity and mortality including incident
heart failure (HF) [1,2]. Although LVEF does not need to be indexed to
Left ventricular (LV) ejection fraction (EF) is a commonly used mea- body size, age or gender, it has numerous disadvantages. LVEF cannot

sure to assess LV chamber function. Reduced LVEF is a strong predictor differentiate physiologic from pathologic hypertrophy, and is preserved
in more than half of patients with HF, thus it is unable to predict CV dis-
_ ) ] ) ease (CVD) outcomes [3] and incident HF among individuals with pre-
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volume. sessment of LV myocardial performance, integrating structure and func-
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Using 3D echocardiography, King et al. [11] described a novel
unitless volumetric index: “the myocardial contraction fraction
(MCF)”, defined as the ratio of stroke volume (SV) to myocardial vol-
ume (MV), calculated as the left ventricular mass (LVM) divided by
the specific gravity of the myocardium. MCF has been evaluated as a
prognostic marker in individuals with amyloid and non-ischemic di-
lated cardiomyopathies [12-14]. It is unknown if reduced MCF levels
predict incident CVD events and HF events across different racial and
ethnic groups.

We investigated whether MCF, assessed using cardiac magnetic res-
onance imaging (cMRI), predicts incident CVD outcomes and sepa-
rately, HF events in participants from the Multi-Ethnic Study of
Atherosclerosis (MESA), a large population-based multi-ethnic cohort.
Additionally, we assessed the factors associated with lower MCF levels.

2. Methods
2.1. Study population

As previously described [15,16], MESA is a population-based cohort study initiated to
further the understanding of the pathogenesis of CVD, determine the predictors of subclin-
ical CVD, and to determine the factors associated with progression to clinical heart disease
and CVD outcomes among a racially/ethnically diverse population. The study included
6814 adults (aged 45-84 years) who were asymptomatic at time of enrollment during
the baseline exam (2000-2002). Participants who self-identified as White, African
American, Hispanic, or Chinese-American were recruited from 6 US sites (New York,
New York; Baltimore, Maryland; Forsyth County, North Carolina; Chicago, Illinois; St
Paul, Minnesota; and Los Angeles, California) [15]. Each field center recruited participants
from 22 race/ethnic groups. Multiple measures were collected at baseline exam including
imaging tests such as cMRI. cMRI was performed on 5004 participants. Participants have
been followed since 2000 and follow up data is available for 5000 participants. The current
analysis was restricted to 5004 participants with complete cMRI measures at baseline ex-
amination (Exam 1: July 2000 to August 2002). Participants with no follow-up data on CV
outcomes (n = 4) were excluded, leaving a final sample size of 5000 participants for the
current analyses. In a subgroup analysis, participants with no follow-up data on CV out-
comes (n = 4), an LVEF <50% (n = 85), and LV hypertrophy (LVH: LVM indexed to
body surface area [BSA]: n = 522), were excluded, leaving a final sample size of 4393 par-
ticipants. To address the effect of body size on LVH, we also repeated the subgroup analysis
using LVH indexed to height?” instead of BSA. The final sample size for that subgroup anal-
ysis was 3802. MESA was approved by the institutional review boards of each study site
and all participants provided informed consent.

2.2. Data collection & clinical covariates

Detailed description of data collection and processing procedures from Exam 1 can be
found in the eMethods (Supplement) [15]. Clinic blood pressure measurements, anthro-
pometric, laboratory data, and standardized questionnaires were obtained. Participants
were invited to complete cMRI after Exam 1.

2.3. Cardiac MRI

As previously described, cMRI was performed with 1.5-T magnets [17]. Details of the
cMRI protocol can be found in the eMethods. eTable 1 provides the definitions of the cMRI
parameters used within the present analyses. For the present analyses, LVM was indexed
(LVML) to BSA. BSA was calculated as 0.007184 x height (m)®7?° x weight (kg)®4%°. LVH
was defined as LVM indexed to BSA (>84.6 g/m? in females, 2106.2 g/m? in males) and
separately, defined as LVM indexed to height>” (238 g/m?’ in females, >45.1 g/m*” in
males) using previously published cut points for LVH in the MESA cohort [18]. LV end-
diastolic volume (EDV) and LV end-systolic volume (ESV) were calculated using
Simpson's rule (the summation of areas on each separate slice multiplied by the sum of
slice thickness and image gap). LV SV was defined as LVEDV-LVESV. LVEF was defined as
[(SV/LVEDV) x 100]. MV was calculated as (LVM/1.05 g/mL). MCF was calculated as
(SV/MV). As previously described [17], interobserver variability was measured in 79 car-
diac MRI readings selected at random (3% of the entire cohort at the baseline exam) by
comparing the original MRI volumes and mass readings with results from a second review
performed between 3 and 6 months later. Intraobserver variability was also assessed at
the baseline exam in 75 MRI readings performed in the same manner. Reviewers were
blinded to the results of the initial reading at the time of the second and third readings.
High reproducibility was observed for each component of MCF (LVM and SV). Interob-
server variability: intraclass correlation coefficient 0.949 and 0.976 for LVM and SV, re-
spectively. Intraobserver variability: intraclass correlation coefficient 0.967 and 0.965 for
LVM and SV, respectively.

2.4. Cardiovascular events

The primary outcome measure for this study was incident “hard CVD” events defined
as myocardial infarction: MI, resuscitated cardiac arrest, stroke (not including transient

ischemic attack), coronary heart disease (CHD) death, and stroke death. As a secondary
outcome, we examined “hard CHD” events (MI, resuscitated cardiac arrest, and CHD
death) as well as incident HF. Event adjudication and follow-up procedures can be
found in the eMethods [19].

2.5. Statistical analyses

The study population was divided into quartiles based on the distribution of MCF,
with the highest quartile (Q4) serving as a referent group. Descriptive analyses of partic-
ipant characteristics for each MCF quartile were performed. Unadjusted cumulative inci-
dence rates for hard CVD events per 1000 person-years were calculated as the total
number of incident hard CVD events in each MCF quartile divided by the total number
of follow-up time in each quartile. Cox proportional hazards regression was used to esti-
mate the hazard ratio (HR) and 95% confidence intervals (CI) for incident hard CVD events
in each MCF quartile versus the referent. Model 1 adjusted for age, sex, and race/ethnicity.
Model 2 included the variables in Model 1 plus body mass index (BMI), education level,
blood pressure (systolic and diastolic), heart rate, low-density lipoprotein (LDL) choles-
terol and high-density lipoprotein (HDL) cholesterol, c-reactive protein (CRP), diabetes,
smoking, estimated glomerular filtration rate (eGFR) < 60 mL/min/1.73 m?, alcohol use,
moderate and vigorous physical activity, antihypertensive medication use, and lipid-
lowering medication use. Log-transformation was used for skewed variables including
CRP. Linear trends across quartiles were assessed by including quartile-specific median
MCF values as a continuous variable. Cox proportional hazards regression was used to es-
timate the HR and 95% CIs for incident hard CVD events associated with each standard de-
viation decrease in MCF. Two adjusted models were estimated using the covariables in
Models 1 and 2. Subgroup analyses were performed examining the interactions with
age (<65 years vs. 265 years), sex, race/ethnicity, prevalent hypertension, and diabetes
for incident hard CVD, hard CHD, and HF events. The analyses were repeated separately
using incident hard CHD events and incident HF events as an outcome and EF quartiles
as the predictor. In a separate subgroup analysis, we repeated the analyses for the primary
outcome of hard CVD events and limited the sample to participants with preserved LVEF
(250%) and without LVH. In secondary analyses, logistic regression was used to assess
the associations of each covariable in Models 1 and 2 with the risk of being in the lowest
MCF quartile (Q1). Each covariable was first tested separately in a univariate model and
thereafter, a multivariable model was used adjusting for all variables simultaneously. Re-
ceiver operating characteristic curves (ROC) were constructed to evaluate the area under
the curve (AUC), sensitivity, and specificity of MCF for each outcome. A Youden index, the
sum of sensitivity and specificity minus one, was calculated for each ROC to determine the
optimal cut-off threshold for MCF.

Statistical analyses were performed using SPSS v.23 (IBM SPSS Statistics for Windows,
Version 23.0; IBM, Armonk, NY) and MedCalc Statistical Software version 17.11.5
(MedCalc Software Bvba, Ostend, Belgium). P values of <0.05 were considered statistically
significant.

3. Results
3.1. Participant characteristics

The mean 4 SD age of participants in the current analysis was 61.5
+ 10.1 years; 52.4% were female, 39.1% were White, 25.7% were
African American, 22.2% were Hispanic, and 13.1% were Chinese-
American. MCF was symmetrically distributed within the sample
(eFig. 1). Mean 4 SD MCF was 0.65 + 0.14. During a median follow-
up of 10.2 4+ 2.4 years, there were 299 incident cases of hard CVD
events, 188 cases of hard CHD events, and 151 cases of HF.

Table 1 shows the baseline characteristics of the sample across MCF
quartiles (lowest MCF quartile, Q1: MCF <0.55; highest MCF quartile,
Q4: MCF >0.74). The percentage of males, African Americans, partici-
pants with diabetes, albuminuria, and hypertension decreased from
Q1 to Q4 (p <0.001). Age, BMI, systolic/diastolic blood pressure, and
heart rate also decreased significantly across MCF quartiles (p <
0.001). There was a significant trend of decreasing LVM, LVMI, and MV
(p <0.001) and a significant trend for increasing SV and LVEF (p <
0.001) from Q1 to Q4.

3.2. Correlates of the lowest MCF quartile among participants

After full multivariable adjustment, older age, male sex, African-
American race/ethnicity, higher BMI (per 1 kg/m? increase), former
and current smoking, albuminuria, higher diastolic blood pressure
(per 5 mmHg increase), and increased heart rate (per 10 beats per
minute increase) were all associated with an increased odds of being
in the lowest MCF quartile (eTable 2). Asian race/ethnicity and higher
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HDL levels (per 10 mg/dL increase) were associated with decreased
odds of being in the lowest MCF quartile.

3.3. Primary outcome: association of MCF with hard CVD events

Participants in Q1 had the highest incidence rate of hard CVD events
(Table 2). When compared to Q4 (referent), Q1, Q2, and Q3 were each
associated with an increased risk of hard CVD events in unadjusted
models (Table 2). Participants in Q1 had a 5-fold increased risk of hard
CVD events (HR 4.98, 95% CI 3.37-7.36, Table 2). In a model adjusting
for age, sex, race, and CV risk factors, the HRs of incident CVD events
from the highest to lowest MCF quartile were 1.00 (referent); 1.43
(95% C10.91-2.23); 1.70 (95% CI 1.10-2.62); and 2.42 (95% CI 1.58-
3.72) (p-trend <0.001, Model 2, Table 2). When expressed as a continu-
ous variable, MCF (per 0.14 decrease) was associated with an increased
hazard of incident hard CVD events in univariate and multivariable-

adjusted models (p < 0.001, Table 2). When the sample size was re-
stricted to individuals with preserved LVEF and without LVH, the lowest
MCF quartiles and each standard deviation decrease in MCF was also as-
sociated with an increased hazard of incident hard CVD events in uni-
variate and multivariable-adjusted models (Table 3). The association
was similar when LVH was indexed to BSA and height>”.

3.4. Secondary outcomes: association of MCF with hard CHD events and HF

The incidence rates for hard CHD events decreased with increasing
MCF quartiles (eTable 3). After full adjustment for all covariates, Q1
was associated with a 2.3-fold increased risk of hard CHD events
when compared to Q4 (HR 2.32, 95% CI 1.36-3.96, Model 2, eTable 3).
Similar results were observed with MCF modeled as a continuous vari-
able (HR 1.40, 95% CI 1.17-1.67, per 0.14 decrease).

Table 1
Characteristics of the analytic cohort of MESA participants by MCF quartiles at Exam 1.
Quartile 4 Quartile 3 Quartile 2 Quartile 1 P-trend
(n = 1250) (n = 1250) (n = 1250) (n = 1250)
Levels of MCF MCF >0.74 0.64 < MCF < 0.55 <MCF < MCF <0.55
0.74 0.64
Demographic characteristics
Mean (SD) age, years 59.8 +9.9 61.24+9.9 61.6 + 10.4 63.54+9.9 <0.001
Female sex, (%) 963 (77.0) 774 (61.9) 548 (43.8) 335 (26.8) <0.001
Race <0.001
White, (%) 547 (43.8) 500 (40.0) 480 (38.4) 428 (34.2)
Asian, (%) 235 (18.8) 176 (14.1) 160 (12.8) 82 (6.6)
African-American, (%) 198 (15.8) 291 (23.3) 345 (27.6) 450 (36.0)
Hispanic, (%) 270 (21.6) 283 (22.6) 265 (21.2) 290 (23.2)
Education < HS, (%) 198 (15.8) 206 (16.5) 186 (14.9) 211 (16.9) 0.716
Clinical characteristics
Mean (SD) body mass index (kg/m?) 26.7 £5.1 27.7 £ 5.1 279 + 4.7 28.6 +4.7 <0.001
Diabetes, (%) 82 (6.6) 114 (9.1) 126 (10.1) 194 (15.5) <0.001
Mean (SD) fasting glucose, mg/dL 904 + 18.9 94.1 £+ 25.6 97.0 £+ 28.8 103.8 +38.7  <0.001
Mean (SD) total cholesterol, mg/dL 197.8 + 354 194.7 4 35.3 193.2 4 34.1 19154+ 364 <0.001
Mean (SD) LDL, mg/dL 1175 £ 31.2 116.7 + 31.5 117.2 + 30.5 1174 £ 32.1 0.986
Mean (SD) HDL, mg/dL 56.1 + 16.0 51.7 + 14.9 50.0 + 14.3 471 +£131  <0.001
eGFR <60 ml/min/1.73 m?, (%) 105 (8.4) 109 (8.7) 105 (8.4) 134 (10.7) 0.071
Albuminuria (urinary albumin to creatinine ratio 217 mg/g for men and >25 mg/g for 68 (5.5) 124 (9.9) 163 (13.0) 256 (20.5) <0.001
women), (%)
Median (25-75th percentile) C-reactive protein, mg/L 1.54 1.92 1.71 1.95 0.001
(0.69-4.10) (0.82-4.43) (0.76-3.59) (0.87-4.07)
Mean (SD) clinic SBP, mmHg 119.4 4+ 20.1 1247 £ 21.2 126.2 4+ 20.1 1314 +£22.0 <0.001
Mean (SD) clinic DBP, mmHg 68.0 + 9.4 70.7 £9.9 727 £9.7 759 +£105  <0.001
Mean (SD) heart rate, bpm 62.0 + 9.0 6244+ 9.0 62.3 4+ 8.9 64.7 + 10.6 <0.001
Antihypertensive medication use, (%) 325 (26.0) 453 (36.2) 449 (35.9) 538 (43.0) <0.001
Lipid lowering medications, (%) 175 (14.0) 188 (15.0) 220 (17.6) 211 (16.9) 0.015
Prevalent hypertension status, (%) 390 (31.2) 530 (42.4) 518 (414) 680 (54.4) <0.001
Health behaviors
Alcohol consumption, (%) <0.001
None 327 (26.2) 285 (22.8) 230 (18.4) 183 (14.6)
Former 229 (18.3) 276 (22.1) 291 (23.3) 366 (29.3)
Current 684 (55.5) 689 (55.1) 729 (58.3) 701 (56.1)
Cigarette smoking, (%) <0.001
None 767 (61.4) 680 (54.3) 620 (49.6) 506 (40.5)
Former 399 (31.9) 435 (34.8) 439 (35.1) 514 (41.1)
Current 84 (6.7) 135 (10.8) 191 (15.3) 226 (18.1)
Mean (SD) moderate + vigorous physical activity, MET-min/week, (%) 0.005
Quartile1 [0-2040 MET-min/week] 313 (25.0) 328 (26.2) 296 (23.7) 316 (25.3)
Quartile 2 [2040-4095 MET-min/week] 331 (26.5) 345 (27.6) 277 (22.2) 292 (23.4)
Quartile 3 [4095-7545 MET-min/week] 320 (25.6) 313 (25.0) 319 (25.5) 300 (24.0)
Quartile 4 [>7545 MET-min/week] 286 (22.9) 264 (21.1) 358 (28.6) 342 (27.4)
Cardiac MRI measures
Left ventricular mass, g 117.3 + 25.0 136.3 + 303 152.3 + 33.7 1751+ 419 <0.001
Left ventricular mass index, g/m? 66.2 4+ 10.1 744 +£ 119 80.9 4+ 13.6 90.2 4 18.1 <0.001
Left ventricular myocardial volume, mL 111.7 £ 23.8 129.8 &+ 28.9 145.0 & 32.1 166.8 +39.9  <0.001
Left ventricular stroke volume, mL 92.6 + 18.8 89.1 +£19.5 86.6 + 18.9 774 + 188 <0.001
Left ventricular ejection fraction, % 732 +£53 709 + 5.8 68.4 + 6.1 63.6 + 8.4 <0.001

Numbers in the table are percentages or mean =+ standard deviation. To convert glucose to mmol/L, multiply values by 0.0556; to convert cholesterol to mmol/L, multiply values by 0.0259.
HS: high school, SBP: systolic blood pressure, DBP: diastolic blood pressure, BPM: beats per minute, LDL: low-density lipoprotein cholesterol, HDL: high-density lipoprotein cholesterol,
eGFR: estimated glomerular filtration rate, MCF: myocardial contraction fraction, MESA: Multi-Ethnic Study of Atherosclerosis, MET: metabolic equivalent, Min: minutes, mmHg: millime-

ters of mercury, SD: standard deviation.
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The incidence rate for HF events was 7.73/1000 person-years for
participants in Q1 compared to 1.63/1000 person-years for participants
in Q4 (eTable 4). In a model adjusting for CV risk factors, Q1 was associ-
ated with a 2-fold increased risk for HF events (HR1.99, 95% CI 1.15-
3.44, Model 2, eTable 4). When expressed as a continuous variable,
MCF was associated with HF in multivariable models adjusting for all
covariates (HR 1.58, 95% CI 1.30-1.94, per 0.14 decrease).

There were no significant interactions by age, sex, race, prevalent hy-
pertension status, or diabetes status for incident hard CVD or incident
hard CHD events. However, age modified the association of MCF with
incident HF. For any decrease in MCF level, there was a greater risk of
HF among participants <65 years old (HR 1.94, 95% CI 1.35-2.71) com-
pared to participants >65 years old (HR 1.43, 95% CI 1.13-1.80,
Pinteraction- 0-026)‘

3.5. Association of EF with hard CVD, hard CHD, and HF events

LVEF was not associated with an increased risk of incident hard CVD
or hard CHD events in unadjusted and fully adjusted models (eTables 5
and 6). In contrast, the lowest LVEF quartile had a 2-fold increased risk
for HF in both unadjusted and multivariable-adjusted models (linear
trend p < 0.001, eTable 7). LVEF as a continuous variable was signifi-
cantly associated with HF in multivariable models (HR 1.61, 95% CI
1.42-1.84, per 7.40 decrease).

3.6. AUC and cut-off threshold for MCF associated with hard CVD, hard CHD,
and HF events

Fig. 1 and eTable 8 depict the AUC and optimal cut-off thresholds for
MCF associated with hard CVD, hard CHD, and HF events. The AUC for
hard CVD, hard CHD, and HF events was 0.663 (95% CI 0.649-0.676, p
<0.0001), 0.665 (95% CI 0.652-0.678, p < 0.0001), and 0.695 (95% CI
0.682-0.708, p < 0.0001), respectively. The optimal cut-off threshold
for MCF in predicting hard CVD and CHD events was 0.60 (sensitivity/
specificity: 62.8%/62.3% for hard CVD events and sensitivity/specificity:
63.3%/61.7% for hard CHD events, respectively). The optimal cut-off

Table 2
Hazard ratio for hard CVD events associated with MCF quartiles.
Q4 Q3 Q2 Q1 P-trend

Characteristics

Levels of MCF MCF 0.64<MCF 0.55<MCF MCF<0.55
>0.74 <0.74 <0.64

Number of events 31 58 73 137

Number at risk 1250 1250 1250 1250

Incidence rate per 2.53 4.87 6.20 12.60

1000 person-years

Model Hazard ratio (95% CI)

Unadjusted 1.0 1.92 245 4.98 <0.001
(ref) (1.24-297) (1.61-3.72) (3.37-7.36)

Model 1 1.0 1.74 2.11 3.75 <0.001
(ref) (1.12-2.70) (1.37-3.23) (2.48-5.67)

Model 2 1.0 1.43 1.70 242 <0.001
(ref) (0.91-2.23) (1.10-2.62) (1.58-3.72)

MCF as a continuous measure (per one SD = 0.14 decrease)

Unadjusted 1.83 (1.63-2.09) <0.001

Model 1 1.66 (1.45-1.89) <0.001

Model 2 1.42 (1.23-1.64) <0.001

Model 1 includes adjustment for age, sex, and race/ethnicity.

Model 2 includes Model 1 variables + additional adjustment for body mass index, educa-
tion level <HS, systolic blood pressure, diastolic blood pressure, heart rate, LDL cholesterol,
HDL cholesterol, Log, C-reactive protein, diabetes, smoking (none, former, current), esti-
mated glomerular filtration rate (eGFR) < 60 mL/min/1.73 m?, alcohol use (none, former,
current), moderate + vigorous quartiles of physical activity, antihypertensive medication
use, and lipid-lowering medication use.

CI: confidence interval, CVD: cardiovascular disease, HS: high school, HDL: high density li-
poprotein cholesterol, LDL: low density lipoprotein cholesterol, MCF: myocardial contrac-
tion fraction, Q: quartile, SD: standard deviation.

Table 3
Hazard ratio for hard CVD events associated with MCF quartiles among participants with
preserved left ventricular ejection fraction and without left ventricular hypertrophy.

Panel A. Results when left ventricular hypertrophy defined as left ventricular mass
indexed to body surface area (n = 4393)

Q4 Q3 Q2 Q1 P-trend
Characteristics
Levels of MCF MCF 0.66<MCF 0.57<MCF MCF<0.57
>0.75 <0.75 <0.66
Number of events 25 48 59 92
Number at risk 1097 1099 1099 1098
Incidence rate per 2.32 4.57 5.68 9.26
1000 person-years
Model Hazard ratio (95% CI)
Unadjusted 1.0 1.97 2.45 4.00 <0.001
(ref) (1.22-3.20) (1.53-3.91) (2.56-6.22)
Model 1 1.0 1.79 2.06 3.00 <0.001
(ref) (1.10-2.92) (1.28-3.32) (1.87-4.80)
Model 2 1.0 144 1.70 2.07 0.002
(ref) (0.87-2.36) (1.05-2.77) (1.27-3.37)
MCF as a continuous measure (per one SD = 0.14 decrease)
Unadjusted 1.69 (1.47-1.95) <0.001
Model 1 1.50 (1.29-1.75) <0.001
Model 2 1.33 (1.13-1.57) 0.001

Panel B. Results when left ventricular hypertrophy defined as left ventricular mass
indexed to height?>” (n = 3802)

Q4 Q3 Q2 Q1 P-trend
Characteristics
Levels of MCF MCF 0.66<MCF 0.58<MCF MCF=<0.58
>0.76 <0.76 <0.66
Number of events 17 40 54 73
Number at risk 950 951 951 950
Incidence rate per 1.82 4.38 6.02 8.42
1000 person-years
Model Hazard ratio (95% CI)
Unadjusted 1.0 241 331 4.65 <0.001
(ref) (1.37-4.26) (1.92-5.72) (2.74-7.89)
Model 1 1.0 2.19 2.69 3.34 <0.001
(ref) (1.23-3.87) (1.54-4.70) (1.90-5.86)
Model 2 1.0 1.75 227 243 0.002

(ref) (0.98-3.14) (1.29-4.01) (1.36-4.33)

MCF as a continuous measure (per one SD = 0.14 decrease)

Unadjusted 1.71 (1.47-2.00) <0.001
Model 1 1.50 (1.27-1.78) <0.001
Model 2 1.37 (1.14-1.64) 0.001

Model 1 includes adjustment for age, sex, and race/ethnicity.

Model 2 includes Model 1 variables + additional adjustment for body mass index, educa-
tion level <HS, systolic blood pressure, diastolic blood pressure, heart rate, LDL cholesterol,
HDL cholesterol, Log, C-reactive protein, diabetes, smoking (none, former, current), esti-
mated glomerular filtration rate (eGFR) < 60 mL/min/1.73 m?, alcohol use (none, former,
current), moderate + vigorous quartiles of physical activity, antihypertensive medication
use, and lipid-lowering medication use.

CI: confidence interval, CVD: cardiovascular disease, HS: high school, HDL: high density li-
poprotein cholesterol, LDL: low density lipoprotein cholesterol, MCF: myocardial contrac-
tion fraction, Q: quartile, SD: standard deviation.

threshold for predicting HF events was 0.52 (sensitivity/specificity:
51.7%/81.6% respectively).

4. Discussion

In this large multi-ethnic population-based cohort of individuals,
MCF was associated with an increased risk of incident hard CVD, hard
CHD, and HF events. Over a median follow-up of 10.2 years, participants
within the lowest MCF quartile had a 2.4 increased risk of incident hard
CVD events, a 2.3 increased risk of hard CHD events, and a 2-fold in-
creased risk of HF events compared to those within the highest MCF
quartile in models adjusting for CV risk factors. Lower levels of MCF
were also significantly associated with incident CVD, CHD, and HF
events when adjusted for CV risk factors.
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Few data have evaluated the association of reduced MCF and CVD
outcomes [3,12-14,20]. Our results are consistent with data from the
Framingham Heart Study Offspring cohort [3]. Among White partici-
pants without clinical CVD in the Framingham Heart Study Offspring co-
hort, the lowest MCF quartile was associated with a seven-fold
increased risk for CVD events (HR: 7.11, 95% CI 1.60-31.59, p = 0.010)
when compared to the highest MCF quartile, in a model adjusting for
gender and the Framingham Risk Score. This study was limited by
small sample size (n = 304), lack of minority representation, and was
underpowered to examine different types of CV endpoints. Arenja
et al. [13] also demonstrated that a depressed MCF level was associated
with a higher risk of the combined outcome of cardiac death, heart
transplantation, sudden cardiac death aborted by appropriate implant-
able cardioverter defibrillator discharge due to ventricular tachycardia
or fibrillation, and hospitalization due to congestive heart failure
among individuals with non-ischemic dilated cardiomyopathy. Our
study extends both of these findings and further suggests that within
a large multi-ethnic cohort, MCF is an independent predictor of several
types of CVD events. Among 66 individuals with cardiac amyloid and
preserved LVEF [14], MCF <30, as assessed by 2D echocardiography,
was associated with an approximately three-fold increased risk of
death (HR 2.841, 95% CI 1.214-6.648). Similarly, Maurer et al. [20] dem-
onstrated that reduced MCF (per 10% decrease, assessed by 2D echocar-
diography) was associated with a higher incidence of a composite of
atherosclerotic cardiovascular disease, HF, and all-cause mortality
among elderly participants in the Cardiovascular Health Study. Limita-
tions of both studies include the inability to examine subtypes of CVD
events and the use of 2D echocardiography M-mode dimensions for es-
timating LVM and LV volume. Assessment of LVM and LV volume by
cMRI is a gold standard and has been shown to be more reproducible
when compared to 2D echocardiography [21-24]. Whether the estima-
tion of MCF by 2D echocardiography is similar to that estimated by cMRI
is currently unknown.

Although LVEF is the most common tool used to identify abnormal
LV function, it can remain preserved in many disease states, cannot dis-
tinguish pathologic from physiologic remodeling or hypertrophy, and
can mask significant underlying regional dysfunction [10]. Additionally,
results from prior population-based studies [3,8] demonstrate that with
the exception of incident HF, preserved LVEF is not predictive of inci-
dent CVD events, a finding which our study also confirms. Similarly,
other studies have also explored the utility of myocardial strain imaging
[9,10,25-28]. Although tagged MRI is a common cMRI method to assess
regional strain [10], very few studies have examined the predictive
power of tagged MRI with incident CVD events [21,29]. In a recent
study, regional LV diastolic strain, as quantified by tagged cMRI, was

related to incident HF over an 8-year follow up period among partici-
pants within the MESA cohort (HR 2.25, 95% CI 1.30-3.89) [29]. Al-
though tagged MRI is a promising new measure, it is expensive,
requires additional imaging and processing, and is currently limited to
only research settings [25]. In contrast, MCF does not require additional
imaging, is simple to calculate from routine cMRI measures, and is sen-
sitive to changes in myocardial dysfunction.

The possible mechanisms by which MCF is predictive of incident
CVD and HF events may be understood from a pathophysiological per-
spective. MV and myocardial muscle mass remain constant throughout
the cardiac cycle [11,30]. However during systole, the ventricular myo-
cardium simultaneously shortens longitudinally and circumferentially
and thickens radially [9] and reduces its contained volume by the
amount of the SV. Therefore, SV is a measure of the amount by which
the myocardium contracts (i.e. shortens) during systole relative to the
total MV [11]. Thus, MCF (defined as SV/MV) represents an index of
the fractional shortening of the myocardium in volumetric terms [11].
Consequently, a decrease in MCF, which is highly correlated with global
longitudinal strain on echocardiography [20,31], indicates abnormal
myocardial shortening and is reflective of abnormalities in myocardial
properties induced by hypertrophy, inflammation, microvascular dys-
function, and alterations of the interstitium. These abnormalities can
lead to regional myocardial dysfunction and may reflect underlying fibro-
sis or ischemia due to macro or microvascular disease [32]. Because MCF
is aratio of SV to MV, it can also be interpreted as a measure that incorpo-
rates information on both LV structure and function. LV parameters that
combine information on structure and function are sensitive to varying
physiologic and pathologic conditions [6]. Moreover, they have recently
emerged as a promising new investigative area of research [6,8].

In our study, older age, male sex, higher BMI, smoking, albuminuria,
higher diastolic blood pressure, and elevated heart rate were all signifi-
cant predictors of reduced MCF. These correlates have been previously
shown to be associated with alterations in SV or LVM, the 2 main param-
eters within MCF [33-38]. Additionally, African American race/ethnicity
was also associated with reduced MCF levels. Although the underlying
pathophysiological mechanism underlying this observation is unclear
and may be related to differences in the prevalence and control of co-
morbid conditions such as hypertension and diabetes, some studies
have demonstrated that African Americans have higher LVM [39] and
worse baseline contractile function when compared to other racial
groups [40,41]. Conversely, Asian race/ethnicity was associated with a
decreased risk of reduced MCF levels. Lastly, while our study demon-
strated that an optimal cut-off threshold of 0.6 is associated with hard
CVD and CHD events, this finding needs to be investigated further in fu-
ture studies.
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Fig. 1. Receiver operating characteristic curves of myocardial contraction fraction for predicting hard cardiovascular disease, hard coronary disease, and heart failure events. a. Receiver
operating characteristic curves of myocardial contraction fraction for predicting hard cardiovascular disease events. b. Receiver operating characteristic curves of MCF for predicting
hard coronary heart disease events. c. Receiver operating characteristic curves of MCF for predicting heart failure events.
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There are some strengths and limitations of our study. We used data
from a prospective and large multi-ethnic population-based cohort of
participants. The long duration of follow-up provided sufficient statisti-
cal power to examine the association of MCF across subtypes of CVD
events. Additionally, cMRI is an accurate and reproducible technique
for assessing LV morphology and function [42] and thus our results
may be less susceptible to significant measurement error. However, al-
though the MESA cohort attempted to primarily recruit participants
who were asymptomatic at baseline, our main results did include indi-
viduals with systolic dysfunction and LVH. To address this, we con-
ducted subgroup analyses to exclude participants with an LVEF <50%
and without LVH however our study may still be affected by selec-
tion and survival biases. Additionally, given the small number of par-
ticipants with reduced LVEF, we did not have sufficient power to
determine whether MCF is predictive of incident CVD events
among participants with reduced LVEF at baseline exam. Echocardi-
ography was not performed at baseline exam among participants in-
cluded in our study. As such, we could not correlate MCF with
diastolic function. Further, data using left atrial size calculations, fea-
ture tracking cMRI, and late gadolinium enhancement are not avail-
able from the baseline MESA study and we could not include these
parameters in our risk models.

5. Conclusions

MCF is a volumetric measure of myocardial shortening that can as-
sess chamber performance and is associated with incident hard CVD,
hard CHD, and HF events after full multivariable adjustment for CV
risk factors. In contrast LVEF did not have predictive power for incident
hard CVD and hard CHD events. The results of our study suggest that
MCF may be used among a multi-ethnic population to identify those
at highest risk for incident CVD events.
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