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Abstract

Purpose—Examine the relationship between changes in cardiometabolic risk profiles and 

subsequent cardiovascular disease (CVD).

Methods—The study sample included 5,557 Multi-Ethnic Study of Atherosclerosis participants, 

recruited in 2000 from six U.S. counties. Standardized scores were calculated for metabolic and 

cardiovascular components relative to accepted clinical cutpoints, and summed to create an index 

of cardiometabolic risk. CVD events/deaths were assessed after exam 3 (years 2004–2005) 

through December 2011. Cox proportional hazards models were used to examine the association 

between change in the cardiometabolic index (exam 3 minus exam 1) and subsequent 

cardiovascular outcomes, adjusted for demographics, socioeconomic status, medication, and 

stratified by tertiles of baseline cardiometabolic risk.

Results—We found a 31% relative increase in the CVD event rate per standard deviation change 

in the cardiometabolic index among those in the highest tertile of baseline cardiometabolic risk 

(HR: 1.31, 95% CI: 1.14, 1.50); associations were not statistically significant in the lower tertiles 

of baseline risk.

Conclusions—We found that larger increases in the cardiometabolic index over time were 

significantly associated with higher risk for subsequent CVD events among those with elevated 

cardiometabolic risk at baseline. These findings highlight the importance of monitoring temporal 

changes in risk factor profiles for predicting cardiovascular outcomes.
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Introduction

Allostatic load (AL) is a multi-system, biological risk score that incorporates measures from 

multiple biological regulatory systems to assess overall health across these systems [1]. Each 

of the components usually considered in most measures of AL have been shown 

independently associated with cardiovascular disease (CVD), including high risk lipid levels 

[2], high relative weight [3], high glucose [4], high blood pressure [5], high heart rate [6] as 

well as inflammatory markers [7]. Research has suggested, however that there is additional 

predictive value to assessing these health factors in one index [1,8]. Studies have indeed 

shown AL to be a significant predictor of subsequent risks for overall mortality, cognitive 

and physical functional decline and self-reported cardiovascular events [9,10].

We propose to extend this research by examining the association between change in AL 

over time and risk for subsequent CVD events. In this study, we consider a restricted version 

of AL that is focused on cardiometabolic risk factors due to data availability. We recently 

published one of the first studies to examine changes in this cardiometabolic index over 

time, and found a significant association between low socioeconomic status (SES) and 

increasing cardiometabolic index over time, among those starting out with lower levels of 

the cardiometabolic index at baseline (<median) [11]. This research raised basic questions 

regarding the progression of cardiometabolic risk profiles over time, and highlighted the 

overall dearth of research on changes in cardiometabolic risk, as well as the relationship 

between this process and subsequent “hard” outcomes, including frank CVD and CVD-

related mortality.

Data from the Multi-Ethnic Study of Atherosclerosis (MESA) provide the opportunity to 

investigate longitudinal patterns of change in a multi-system index of biological risk and the 

relationship between such changes and subsequent CVD morbidity and mortality in a multi-

ethnic cohort.

We propose to assess relationships between changes in cardiometabolic risk profiles during 

the first 4 years of follow-up (exams 1–3) and subsequent cardiovascular events and 

mortality during the remaining 6–7 years of follow-up.

Material and Methods

The MESA study is a prospective cohort study of the determinants of subclinical CVD with 

a multiethnic, population-based sample of 6814 men and women aged 45–84 years, 

including White, African American, Chinese, and Hispanic participants [12]. Participants 

were recruited from 6 US communities: Baltimore, Maryland; Chicago, Illinois; Forsyth 

County, North Carolina; Los Angeles County, California; New York, New York; and St. 

Paul, Minnesota. The baseline examination took place July 2000 through August 2002, a 

second follow-up examination between September 2002 and February 2004, a third between 
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March 2004 and September 2005, a fourth between September 2005 and May 2007, and a 

fifth between June 2010 and March 2012. Among those screened and eligible for the 

baseline examination, the participation rate was 59.8%, and the retention rates were 92.0%, 

89.0%, 87.0%, and 76% of the original cohort through examinations 2–5, respectively. 

Details of the study design and recruitment for MESA have been published [12].

Study Sample

Our study sample included MESA participants who had no CVD events before MESA exam 

3 (when follow-up for incidence of CVD begins in this analysis), attended MESA 

examinations 1 and 3, had available data for measuring cardiometabolic risk factors at 

exams 1 and 3, and had no missing follow-up data for CVD after exam 3. Of the original 

6814, 89 were excluded due to experiencing a CVD event before exam 3 and missing exam 

3, and an additional 119 were excluded due to non-CVD related death before exam 3. 

Another 142 participants were excluded due to experiencing a CVD event before exam 3 

(although they attended that MESA exam). An additional 659 were excluded due to missing 

exam 3, and 248 participants were excluded due to missing follow-up surveillance for 

cardiovascular events after exam 3 (n=35), missing cardiometabolic risk factor data at exam 

1 or 3 (n=33), missing education, home ownership or medication use (n=36), or missing car/ 

land ownership or investment data (n=144). Our final study sample was n=5557. As 

described in Table 1, those excluded from the analyses were significantly older, had higher 

cardiometabolic risk at each examination, included more African American, Hispanic and 

immigrant participants, had lower levels of SES, and higher levels of medication use at 

baseline.

Outcome—Cardiovascular disease and mortality events were ascertained based on MESA 

participant surveillance after exam 3 (calendar period March 2004-September 2005), 

through December 31, 2011. Participants were contacted by telephone every 9–12 months 

and asked about hospital admission, CVD outpatient diagnoses, procedures and deaths. 

Occasional medical visits were ascertained through regular MESA study exams, participant 

call-ins, medical record abstractions or obituaries. Self-reported diagnoses were all verified 

with copies of hospital/physician medical records or death certificates, and next-of-kin 

interviews were obtained for out of hospital CVD deaths. Two physicians independently 

reviewed and classified all CVD events and assigned incidence dates. In this study, we 

considered all CVD events according to the MESA definition, including myocardial 

infarction, resuscitated cardiac arrest, definite/probable angina, stroke, or deaths related to 

stroke, coronary heart disease or other CVD.

Exposure—We use a restricted measure of AL based on the metabolic and cardiovascular 

markers measured in MESA [11]. We refer to this restricted measure as a cardiometabolic 

index to distinguish it from other more broadly based measures of AL that reflect a wider 

array of biological systems, including inflammatory markers and stress hormones (that were 

not available longitudinally in MESA) [11]. Metabolic indicators included waist-to-hip ratio 

(WHR), triglycerides, low-density lipoprotein (LDL) cholesterol, high-density lipoprotein 

(HDL) cholesterol, and glucose (triglycerides, LDL cholesterol and glucose values were 

only included for those who fasted >=10 hours; glucose was log-transformed due to skewed 
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values). Cardiovascular measures included systolic blood pressure, resting heart rate and 

pulse pressure. To reduce the undue influence of outliers, each of the biomarker values were 

Winsorised at the 1st and 99th percentiles [13]. Standardized scores were then calculated to 

indicate where the individual’s values place them (in standard deviation (SD) units) relative 

to accepted clinical thresholds. These thresholds are 0.90 WHR for men and 0.85 for women 

[14], 200 mg/dL for triglycerides [15], 160 mg/dL for LDL cholesterol [15], 40 mg/dL HDL 

cholesterol [15], 126 mg/dL of glucose [14], 140 mmHg for systolic blood pressure [5], 60 

mmHg for pulse pressure [16], and 90 beat/min for heart rate [17]. Standardized scores for 

the individual parameters were summed across all systems to create a total cardiometabolic 

index. The index was set to missing if values were missing for more than half (>=5) of the 8 

components in the score (n=0 had a missing risk score at baseline, n=4 at exam 2, n=0 at 

exam 3). For those missing <5 components, we imputed values based on the mean of each 

component across all available exams per participant (each participant had data values 

available for at least 2 other exams). Imputed values were used for n=1102 participants who 

were missing heart rate data at exam 2 due to a delay in initiation of heart rate data 

collection at that exam; only n=261 other values were imputed. We chose to use a 

cardiometabolic index constructed from continuous values of biology, unlike the more 

traditional measures of CVD risk, such as the Framingham risk score and the metabolic 

syndrome, which use categorized versions of biology, because the latter are not sensitive to 

changes in biology that do not cross category thresholds.

Change in the cardiometabolic index over time was measured as the cardiometabolic index 

at exam 3 minus the index at exam 1.

Covariates—We considered standard risk factors associated with CVD [18,19] as potential 

confounders in these analyses, including age (at MESA exam 1), gender, race/ethnicity 

(African American, Hispanic, Chinese and white), participant nativity (born abroad vs. born 

in the U.S.), individual-level SES and medication use. Individual SES measures included 

income and education reported at MESA exam 1 (categorized into approximate quartiles: ≤

$19,999, $20–39,999, $40–74,999 and ≥$75,000 for income and ≤complete high school, 

some college, and ≥college for education), as well as wealth measures (home ownership, car 

ownership, land/other property ownership, investments; each of these considered as binary 

“yes/no” measures). Most of the wealth measures (aside from home ownership that was 

obtained at exam 1) were only available at MESA exam 2. Medication use included use of 

hypertension medication, statins, and insulin at MESA exam 1 (“yes/no”) and “new” use of 

any of these medications at exams 2–3 (“yes/no”).

Analysis

Initial descriptive analyses included examining the cardiometabolic score and the changes in 

the score between exam 1 and 3. The Kaplan-Meier method was used to construct 

descriptive survival curves for the time to first cardiovascular event (subsequent to exam 3) 

stratified by both distribution tertiles of change in cardiometabolic score (exam 3-exam 1) 

and exam 1 (hereafter referred to as baseline) tertiles of cardiometabolic score. Cox 

proportional hazards models were fit to examine the association between change in 

cardiometabolic score (continuous measure) and the time to subsequent cardiovascular 
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morbidity/mortality events (between exam 3 and end of follow-up at year 11). We tested the 

Cox proportional hazards assumption by including time dependent covariates in the model 

and determining that none were statistically significant. The models were adjusted for age, 

gender, race/ethnicity, nativity, income, education, wealth (all 4 binary measures), and 

medication use (3 terms considering the use of 3 types of medication at exam 1, and one 

term indicating new medication use at exams 2–3). Considering the MESA study design 

including a multi-ethnic cohort, we explored the possibility of interaction between race/

ethnicity and change in cardiometabolic risk by including those interaction terms in the 

models.

Considering that when cardiometabolic risk is low, change in the risk score is unlikely to 

have the same association with subsequent CVD events as is change at levels closer to 

clinically defined higher risk of disease, we explored the potentially different implications of 

change in cardiometabolic scores for those starting with low (≤−9.53), medium (−9.54 to 

−6.31) or high (>−6.31) scores at baseline by including interaction terms for these levels 

(distribution tertiles) and change in cardiometabolic score. When considered separately, the 

interaction term for the middle tertile and highest tertiles were each marginally significant 

compared to the other levels (p=0.097 and p=0.06, respectively). In addition, we considered 

the potential bias that methodologists have highlighted concerning the inclusion of baseline 

values of the exposure as a control when estimating the association between change in the 

exposure of interest and an outcome [20]. We addressed both these issues by examining 

relationships between change in the cardiometabolic index and our outcome both with and 

without adjustment for baseline cardiometabolic risk (continuous), recognizing that the true 

effect size falls somewhere between those two estimates [20]. We also examined the models 

stratified by tertiles of the baseline cardiometabolic score as an alternative method of 

controlling for baseline while reducing (albeit not eliminating) potential bias from inclusion 

of the baseline as a covariate in regression, and to isolate potentially different implications 

of change in score for those starting with different levels of cardiometabolic risk at baseline. 

Finally, to assess if change in cardiometabolic risk substantively improved the models in 

addition to baseline measures of risk, we utilized log-likelihood ratio tests to compare the 

model fit between models included baseline cardiometabolic score, with and without change 

in the cardiometabolic score.

Results

The analytic sample is described in Table 1, with an average cardiometabolic score of −7.87 

(standard deviation (SD): 3.83) at baseline, a modest average increase of 0.06 in 

cardiometabolic score between exam 1 and exam 3, and substantial variability in change 

across the sample (SD: 2.64). Average follow-up time after exam 3 (for CVD event 

monitoring) was 6.68 years (SD: 1.52, range: 0.01–7.80), and 6.57% of the sample 

experienced a CVD event over the follow-up period. The average change in cardiometabolic 

score between exams 1 and 3, SD, and the number of CVD events per tertile of baseline 

cardiometabolic risk was as follows: 1.11 (SD:2.08), n=54 (2.94%) CVD events for tertile 1; 

0.23 (SD:2.42), n=115 (6.27%) events for tertile 2; −1.12 (SD: 2.84), n=196 (10.37%) 

events for tertile 3 (data not shown).
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In Figures 1a–c, Kaplan-Meir plots illustrate the unadjusted trends for CVD event-free 

survival for those with increasing cardiometabolic risk over time (change > +1.14), 

compared to those with minimally changing (change −0.91 to + 1.14) or decreasing 

cardiometabolic risk (change ≤ −0.91), stratified by tertiles of baseline cardiometabolic risk. 

In the lower two tertiles of baseline cardiometabolic risk, CVD event-free survival did not 

appear to differ by change in cardiometabolic score (p-value=0.7 for Figure 1a, p=0.2 for 

Figure 1b). Among those with the highest tertile of baseline cardiometabolic risk, the 

survival curves started diverging early, with lowest survival among those who experienced 

an increase in cardiometabolic risk, however, those differences were also not statistically 

significant (p=0.2 for Figure 2c).

The Cox proportional hazards model for the overall sample indicated no association between 

change in cardiometabolic score and CVD events when baseline cardiometabolic score was 

not included in the model (hazard ratio (HR): 1.04 per SD1 of change in cardiometabolic 

score, 95% confidence interval (CI): 0.94–1.15; see Table 2). When baseline 

cardiometabolic score was added to the model, both baseline and change scores were 

statistically significant. Analyses stratified by baseline cardiometabolic score further 

revealed that the strongest and only statistically significant association between increase in 

cardiometabolic score over time and risk of subsequent CVD events was among those 

starting off with the highest levels of cardiometabolic risk (HR: 1.22 per SD of change in 

cardiometabolic score, 95% CI: 1.06–1.40; see Table 2). Stratified models were re-run with 

additional adjustment for baseline cardiometabolic score within strata, yielding similar 

trends and an even greater hazard ratio for those starting out with the highest levels of 

cardiometabolic risk at baseline (HR: 1.31 per SD of change in cardiometabolic score, 95% 

CI: 1.14–1.50; see Table 2).

Log likelihood ratio tests (LRT) comparing models that included baseline cardiometabolic 

score with and without change in cardiometabolic score, indicated statistically significant 

improvements with the addition of the change score, both in the overall sample (LRT 

p=0.0001), and in the top tertile of baseline score (LRT p=0.0002). LRT yielded no 

statistically significant improvements with the addition of change for the lowest and second 

tertiles of baseline score.

Interactions terms for race/ethnicity and change in cardiometabolic risk did not indicate any 

statistically significant interactions in the overall or stratified models.

Sensitivity analyses

We re-fit the models additionally adjusting for new medication use reported at MESA exams 

during the CVD event follow-up period (exams 4–5) since the medication indicators in the 

main models relate to exams 1–3, when changes in cardiometabolic score were assessed. 

However, the results of those models indicated similar trends to our main findings 

(Appendix, Table A1.). We also repeated the original models including indicators for 

stopping medication use over the course of MESA exams 1–3 (one term for each type of 

medication) and our results were virtually unchanged (Appendix Table A2). In addition, we 

1This refers to the standard deviation of the difference between cardiometabolic index at exam 3-exam 1. The SD is 2.6 (see Table 1).
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re-ran the models excluding all those who required imputation of missing risk factors. The 

results were similar to our main models (Appendix Table A3).

Finally, considering reduced power for the models in strata with lower levels of baseline 

cardiometabolic score due to fewer CVD events, we re-ran the models with equal numbers 

of events in each of the three groups rather than by tertiles of baseline score (Appendix 

Table A4). These findings (additionally adjusted for baseline score within strata) showed 

statistically significant associations limited to the two higher levels of baseline score (HR: 

1.26, 95%CI: 1.06–1.50 for highest level, HR: 1.27, 95%CI: 1.06–1.53 for middle level). 

The model for the lowest level of baseline score, similar to our main findings, indicated no 

statistically significant relationship between change of score and CVD events (HR: 1.12, 

95%CI: 0.91–1.39).

Discussion

Our results indicate increased risk of CVD events associated with increases over time in the 

cardiometabolic index, among those who start out with higher levels of cardiometabolic risk. 

In this group with elevated cardiometabolic risk at baseline, we estimated relative increase 

in the CVD event rate to be between 22%–31% per standard deviation increase in the 

cardiometabolic index, adjusted for age, gender, race/ethnicity, nativity, SES and medication 

use (Table 2). This finding highlights the importance of monitoring changes in risk scores 

over time, especially for those with adverse cardiometabolic risk profiles, to improve the 

prediction of subsequent CVD morbidity and mortality.

Other studies have found increased risk of CVD events related to increases over time in 

individual cardiovascular risk factors, and noted that the impact of an increase differed by 

baseline values of the risk factors [21,22]. Our study suggests that baseline values are indeed 

crucial in determining the effects of further change in CVD risk factors and in the 

cumulative cardiometabolic score. In previous analyses, we had noted that the rate of 

increase in the cardiometabolic score over time also varies by starting levels. In particular, 

we found lower rates of increased cardiometabolic score over time associated with those 

starting with elevated levels of baseline cardiometabolic risk [11]. Our current findings show 

that despite these generally lower rates of increase, nonetheless, additional elevation at those 

levels may have graver consequences for CVD risk.

The strengths of this analysis include its large and racially/ethnically diverse population with 

multiple biomarkers available over time, allowing the unique opportunity to examine 

longitudinal changes in cardiometabolic scores. Moreover, MESA data provide the unique 

ability to follow participants for incidence of CVD events. There are also, however, several 

limitations that should be acknowledged. Our index of cardiometabolic risk does not take 

into account other potentially important biological systems (e.g., inflammation, 

neuroendocrine) that are related to the incidence of CVD. Moreover, we did not distinguish 

between pharmaceutically controlled and native values of risk factors in the creation of the 

cardiometabolic score; however, we did adjust for medication use in the regression models. 

Finally, we considered that our inability to detect a significant effect of change in the index 

on subsequent incident events in the bottom two tertiles of baseline risk may be the result of 
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the significantly fewer events in the lower tertiles. We addressed this issue by considering 

models with equal numbers of events in each of the three groups rather than by tertiles of 

baseline cardiometabolic score (Appendix Table A4). Our findings indicated that, even with 

this new stratification, we still did not see a statistically significant relationship between 

change of score and CVD events in the lowest group. While the newly defined middle group 

showed similar significant effects to the highest group, the cutpoint also shifted so that it 

included levels of baseline risk that fell into the top tertile of the distribution (i.e., our 

original cutpoint of >−6.3). The similarity of effects in the newly defined middle and top 

groups is thus consistent with our main results indicating that those with higher baseline risk 

are at greater risk of CVD events related to subsequent changes in their cardiometabolic risk 

scores.

Conclusion

These findings demonstrate the significant impact of temporal change in cardiometabolic 

profiles on subsequent event risk among those who have elevated risk profiles, as well as the 

value of using continuous measures of risk factors to assess and monitor change in risk. 

These results further suggest that different stages in the natural progression of 

cardiometabolic dysregulation may have different implications for future CVD events. 

Identifying the differential contributions to disease risk associated with patterns of change in 

cardiometabolic risk profiles from different starting levels of cardiometabolic risk can better 

inform policy interventions aimed at mitigating and preventing disease.
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HDL high-density lipoprotein
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Appendix

Table A1

Final models additionally adjusting for medication use reported during the CVD follow-up 

period (between exams 4–5)a

Model without baseline
cardiometabolic risk

Model with baseline
cardiometabolic risk

Hazard Ratios (95% CI)b Hazard Ratios (95% CI)

Overall sample
n=5315, #events=325

1.02 (0.92–1.14) 1.25 (1.11–1.40)***

Sample with
baseline cardiomet score ≤−9.5
n=1778 (tertile=1) #events=48

1.27 (0.89, 1.81) 1.37 (0.96, 1.95)

Sample with
−9.5<baseline cardiomet score ≤−6.3

n=1755 (tertile=2) #events=105

1.03 (0.83, 1.27) 1.05 (0.85, 1.31)

Sample with
baseline cardiomet score >−6.3
n=1782 (tertile=3) #events=182

1.23 (1.06, 1.43)** 1.32 (1.13, 1.53)***

CI: Confidence Interval
a
Main predictor: change in cardiometabolic risk score (exam 3 minus exam 1), adjusted for age, gender, race/ethnicity, 

nativity, income, education, wealth (4 binary measures) and medication use (3 terms indicating 3 different types of 
medication at baseline and one term for any new medication use during follow-up), and new medication use during CVD 
follow-up period (exams 4–5). Sample size is reduced due to missing values for medication use at exams 4 and 5.
b
The standard deviation of the cardiometabolic index change score (exam 3 minus exam 1) was 2.6.

*
p<0.05

**
p<0.01

***
p<0.001
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Table A2

Final models additionally adjusting for indicator of stopped medication use across MESA 

exams 1–3a

Model without baseline
cardiometabolic risk

Model with baseline
cardiometabolic risk

Hazard Ratios (95% CI)b Hazard Ratios (95% CI)

Overall sample
n=5557, #events=365

1.04 (0.94–1.16) 1.24 (1.11–1.38)***

Sample with
baseline cardiomet score ≤−9.5
n=1834 (tertile=1) #events=54

1.18 (0.84, 1.66) 1.26 (0.90, 1.77)

Sample with
−9.5<baseline cardiomet score ≤−6.3

n=1833 (tertile=2) #events=115

1.05 (0.86, 1.29) 1.07 (0.87, 1.32)

Sample with
baseline cardiomet score >−6.3
n=1890 (tertile=3) #events=196

1.22 (1.07, 1.40)** 1.32 (1.14, 1.52)***

CI: Confidence Interval
a
Main predictor: change in cardiometabolic risk score (exam 3 minus exam 1), adjusted for age, gender, race/ethnicity, 

nativity, income, education, wealth (4 binary measures) and medication use (3 terms indicating 3 different types of 
medication at baseline and one term for any new medication use during follow-up), and indication of stopped medication 
usage (3 terms for 3 medication types: hypertensive, statin and insulin) over the course of MESA exams 1–3.
b
The standard deviation of the cardiometabolic index change score (exam 3 minus exam 1) was 2.6.

*
p<0.05

**
p<0.01

***
p<0.001

Table A3

Final models excluding all values requiring imputationa

Model without baseline
cardiometabolic risk

Model with baseline
cardiometabolic risk

Hazard Ratios (95% CI)b Hazard Ratios (95% CI)

Overall sample
n=5514, #events=361

1.03 (0.93–1.15) 1.22 (1.10–1.36)***

Sample with
baseline cardiomet score ≤−9.5
n=1829 (tertile=1) #events=53

1.19 (0.85–1.66) 1.26 (0.90–1.77)

Sample with
−9.5<baseline cardiomet score ≤−6.3

n=1826 (tertile=2) #events=115

1.04 (0.85–1.28) 1.06 (0.87–1.30)

Sample with
baseline cardiomet score >−6.3
n=1859 (tertile=3) #events=193

1.20 (1.05–1.38)** 1.28 (1.12–1.48)***

CI: Confidence Interval
a
Main predictor: change in cardiometabolic risk score (exam 3 minus exam 1), adjusted for age, gender, race/ethnicity, 

nativity, income, education, wealth (4 binary measures) and medication use (3 terms indicating 3 different types of 
medication at baseline and one term for any new medication use during follow-up).
b
The standard deviation of the cardiometabolic index change score (exam 3 minus exam 1) was 2.6.

*
p<0.05

**
p<0.01
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***
p<0.001

Table A4

Models stratified by equal number of CVD eventsa

Model without baseline
cardiometabolic risk

Model with baseline
cardiometabolic risk

Hazard Ratios (95% CI)b Hazard Ratios (95% CI)

Levels of Baseline cardiomet score by
equal # CVD events

Sample with
baseline cardiomet score by equal≤−7.5

n=3034 (tertile=1) #events=121

1.04 (0.84, 1.29) 1.12 (0.91, 1.39)

Sample with
−7.5<baseline cardiomet score ≤−4.7 n=1428

(tertile=2) #events=120

1.27 (1.06, 1.53)* 1.27 (1.06, 1.53)*

Sample with
baseline cardiomet score >−4.7 n=1095

(tertile=3) #events=124

1.16 (0.98, 1.37) 1.26 (1.06, 1.50)*

CI: Confidence Interval
a
Main predictor: change in cardiometabolic risk score (exam 3 minus exam 1), adjusted for age, gender, race/ethnicity, 

nativity, income, education, wealth (4 binary measures) and medication use (3 terms indicating 3 different types of 
medication at baseline and one term for any new medication use during follow-up), and new medication use during CVD 
follow-up period (exams 4–5). Sample size is reduced due to missing values for medication use at exams 4 and 5.
b
The standard deviation of the cardiometabolic index change score (exam 3 minus exam 1) was 2.6.

*
p<0.05

**
p<0.01

***
p<0.001
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Figure 1. 
(a–c). Survival function of cardiovascular event by levels of change in cardiometabolic risk, 

stratified by tertiles of baseline cardiometabolic risk.

Legend: Tertiles of change in Cardiometabolic Index

Blue: 1st Tertile: decrease

Green: 2nd Tertile: little change

Grey: 3rd Tertile: increase
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Table 1

Frequency distributions for select characteristics

% or Mean, Median, STD Study Sample
(n=5557)

Excluded MESA
Sample (n=1257)a

Age [range: 44–84]* 61.50, 61.0, 10.04 65.03, 66.0, 10.57

Male 46.73 49.01

Race/Ethnicity*

African American 26.63 32.70

Chinese 12.02 10.82

Hispanic 21.07 25.86

White 40.27 30.63

Born outside the US* 30.72 35.06

Income*

Income <=$19,999 20.41 33.89

Income $20–39,999 25.72 25.46

Income $40–74,999 26.97 20.29

Income >=$75,000 23.97 11.61

Income Missing 2.93 8.75

Education*

Education: <=high school 33.63 47.97

Education: some college 28.79 27.31

Education: >=college 37.57 24.72

Wealth

Home ownership (yes vs. no)* 69.01 58.66

Land/property ownership (yes vs. no) 30.45 27.40

Car ownership (yes vs. no)* 83.10 79.94

Investments/stocks/bonds (yes vs. no)* 64.12 50.63

Medication use at baseline

Hypertensive medication* 35.61 44.42

Statins 14.61 15.94

Insulin* 1.39 3.62

Any new medication use at visit 2 or 3* 23.39 16.87

Cardiometabolic Index at baseline (continuous)* −7.87, −7.89, 3.83 −6.46, −6.60, 4.01

Difference in Cardiometabolic Index (exam 3-exam 1)* 0.06, 0.18, 2.64 −0.61, −0.36, 3.09

Incidence of any CVD event after exam 3* 6.57 7.07

Follow-up timeb (years) [range: 0.01–7.8]* 6.68, 7.15, 1.52 6.29, 6.89, 1.83

a
Sample sizes were reduced when data missing: Nativity status(n=1235), Education(n=1234), home ownership(n=1224), land(n=635), car(n=648), 

investment(n=634), hypertension medication(n=1254), statin/insulin(n=1242), cardiometabolic index (n=1209), difference in index (n=354), study 
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follow-up time(n=213) and incidence of CVD event (n=608 including those who attended visit 3 and those who did not and still have passive 
MESA surveillance).

b
Follow-up time included time between exam 3 (approximately 3 years after baseline MESA exam) and end of surveillance period at year 11 of the 

MESA study.

*
Difference between included and excluded sample is statistically significant, p<0.05.
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Table 2

Adjusted hazard ratios (from Cox proportional hazards models) for subsequent CVD events per standard 

deviation increase in cardiometabolic index (between exams 1 and 3)a

Model without baseline
cardiometabolic risk

Model with baseline
cardiometabolic risk

Hazard Ratios (95% CI)b Hazard Ratios (95% CI)

Overall sample
n=5557, #events=365 1.04 (0.94–1.15) 1.24 (1.11–1.38)***

Sample with
baseline cardiomet score≤−9.5
n=1834 (tertile=1) #events=54 1.19 (0.85, 1.66) 1.26 (0.91, 1.76)

Sample with
−9.5<baseline cardiomet score≤−6.3

n=1833 (tertile=2) #events=115 1.04 (0.85, 1.27) 1.06 (0.87, 1.30)

Sample with
baseline cardiomet score>−6.3

n=1890 (tertile=3)
#events=196 1.22 (1.06, 1.40)** 1.31 (1.14, 1.50)***

CI: Confidence Interval

a
Main predictor: change in cardiometabolic risk score (exam 3 minus exam 1), adjusted for age, gender, race/ethnicity, nativity, income, education, 

wealth (4 binary measures) and medication use (3 terms indicating 3 different types of medication at baseline and one term for any new medication 
use during follow-up).

b
The standard deviation of the cardiometabolic index change score (exam 3 minus exam 1) was 2.6.

*
p<0.05

**
p<0.01

***
p<0.001
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