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Abstract

Background: The contemporary burden and characteristics of coronary atherosclerosis, assessed
using coronary computed tomography angiography (CCTA), is unknown among asymptomatic
adults with diabetes and prediabetes in the United States. The Pooled Cohort Equations (PCE) and
coronary artery calcium (CAC) score stratify atherosclerotic cardiovascular disease (ASCVD) risk
but their association with CCTA findings across glycemic categories is not well established.

Methods: Asymptomatic adults without ASCVD enrolled in the Miami Heart Study were
included. Participants underwent CAC and CCTA testing and were classified into glycemic
categories. Prevalence of coronary atherosclerosis (any plaque, non-calcified plaque, plague with
>1 high-risk feature, maximal stenosis =50%) assessed by CCTA was described across glycemic
categories and further stratified by PCE-estimated ASCVD risk and CAC score. Adjusted logistic
regression was used to evaluate the associations between glycemic categories and coronary
outcomes.

Results: Among 2,352 participants (49.5% women), the prevalence of euglycemia, prediabetes,
and diabetes was 63%, 30%, and 7%, respectively. Coronary plaque was more commonly present
across worsening glycemic categories (euglycemia=43%, prediabetes=58%, diabetes=69%), and
similar pattern was observed for other coronary outcomes. In adjusted analyses, compared with
euglycemia, prediabetes and diabetes were each associated with higher odds of any coronary
plague (OR 1.30[95%Cl, 1.05-1.60] and 1.75[1.17-2.61], respectively), non-calcified plague (OR
1.47[1.19-1.81] and 1.99[1.38-2.87], respectively), and plaque with =1 high-risk feature (OR
1.65[1.14-2.39] and 2.53[1.48-4.33], respectively). Diabetes was associated with stenosis =50%
(OR 3.01[1.79-5.08], reference=euglycemia). Among participants with diabetes and estimated
ASCVD risk <5%, 46% had coronary plaque and 10% had stenosis =50%. Among participants
with diabetes and CAC=0, 30% had coronary plaque and 3% had stenosis =50%.

Conclusions: Among asymptomatic adults, worse glycemic status is associated with higher
prevalence and extent of coronary atherosclerosis, high-risk plaque, and stenosis. In diabetes, CAC
was more closely associated with CCTA findings and informative in a larger population than the
PCE.

Graphical abstract.

Circ Cardiovasc Imaging. Author manuscript; available in PMC 2024 October 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Patel et al.

Keywords

Page 3

Miami Heart Study at AT Cardiac CT Glycemic Categories
Baptist Health South /7 .'\ - . o ™
Florida / e [ 1 [ ]
40-65 year old adults | " —
Free of clinical ASCVD | | | &= ‘
N = 2,352 W= t
50% women | TN | 7 A - S
47% Hispanic/Lating | ._-_:._/ istory Medication Lab data
Prevalence of any plague 5% Prevalence of any plagque CAC=0
across glycemic categories W51 <7 5% across glycemic categones  MICAC-0to <100
stratified by estimated W=7 50 <20% strafified by coronary artery  cace100
Coronary Atherosclerosis 10-year ASCVD risk strata M=% calcium score strata
Euglycemia Prediabetes Diabetes 1 §
n= 1435 n= 704 n= W3 g 8
§ £ B
Ay am mw e = [N 2 R ——
P | E—
Any non- 30% e 56% g g
caitad £ g
placue ; s P
¢ P § T
Any 5% 10% 15%
high-risk
plague i 2 2
s EV £
oot % ™ % § C— [ ——
e nos| 1 =
260% ° & )
0 20 40 60 80 100 0 20 40 80 80 100
Frequency of any plaque (%) Frequency of any plague (%)

atherosclerosis; diabetic mellitus; prediabetic state; cardiovascular disease; diabetes; type 2;
primary prevention; risk factors

Introduction

Diabetes affects more than 37 million adults in the United States (US) and prevalence

is increasing.! Hyperglycemia below diagnostic thresholds for diabetes, or prediabetes,

is found in approximately one-third of the US adult population and has a broad range

of cardiometabolic manifestations.: 2 The risk of atherosclerotic cardiovascular disease
(ASCVD) in these dysglycemic states varies widely with significant heterogeneity in
diabetes and inconsistent associations observed in prediabetes.2~* This large burden of
impaired glucose metabolism coupled with the variability in complication rates highlights
the importance of characterizing subclinical markers of ASCVD and developing strategies to
stratify risk across glycemic levels.

Coronary atherosclerosis is a key intermediate phenotype associated with ASCVD risk

and can be readily assessed with cardiac imaging.> ® The American College of Cardiology/
American Heart Association (ACC/AHA) guideline for primary prevention of ASCVD
recommends coronary artery calcium (CAC) score to refine ASCVD risk estimation in select
individuals but not those with diabetes.” CAC does not fully capture the high long-term risk
of ASCVD observed in diabetes which may be related to its inability to assess non-calcified
plague.8 Enhanced evaluation of total coronary plague burden and characterization of high-
risk features may inform prevention strategies and target cardioprotective therapies to those
most likely to derive benefit. The association of CAC as well as recommended approaches
for risk assessment using the ACC/AHA Pooled Cohort Equations (PCE) with coronary
atherosclerosis among asymptomatic adults with diabetes and prediabetes in the US is not
well characterized.’

Circ Cardiovasc Imaging. Author manuscript; available in PMC 2024 October 01.
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Accordingly, we evaluated the prevalence and severity of coronary atherosclerosis assessed
by coronary computed tomography (CT) angiography (CCTA) across the glycemic spectrum
among asymptomatic, middle-aged adults in a community-based cohort in the US. Based on
preliminary evidence,8-10 we hypothesized that more severe dysglycemia, including within
the non-diabetes range, would be associated with greater burden of coronary atherosclerosis
and hypothesized that the CAC score would correlate more closely with CCTA findings
among individuals with hyperglycemia compared with PCE-based estimates of ASCVD risk.

The data that support the findings of this study are available from the corresponding author
upon reasonable request.

Study population

The Miami Heart Study (MiHeart) at Baptist Health South Florida is an ongoing,
observational, community-based prospective cohort study of adults free of clinical ASCVD
at baseline. The design of MiHeart has been published previously and is described further
in the Supplemental Methods.1! In brief, 2,459 adults 40-65 years of age who were Baptist
Health South Florida employees or residents of the Greater Miami Area for at least 6
months were enrolled between May 2015 and September 2018. Individuals with creatinine
>1.5 mmol/L were excluded. The Baptist Health South Florida institutional review board
approved the study protocol and all participants provided written informed consent.

The present study is a baseline cross-sectional analysis of MiHeart participants with
available CAC and CCTA data (n = 100 excluded) who were free of self-reported type
1 diabetes (n = 7 excluded) (Figure S1).

Clinical variables

As part of the baseline MiHeart visit, participants completed a detailed examination

as described previously.19: 11 Briefly, sociodemographic information, medical history,

and medication use were evaluated using questionnaires and described further in the
Supplemental Methods. The PCE were used to estimate 10-year risk of an ASCVD event.12
For all non-Black participants, the PCE for White adults were used, as recommended in
current guidelines from the ACC/AHA.”

Glycemic categories

Euglycemia, prediabetes, and diabetes were defined based on established criteria from
the American Diabetes Association.13 Specifically, the presence of diabetes was based on
self-reported history of diabetes, anti-hyperglycemic medication use, or hemoglobin Alc
(HbA1c) =6.5%. Prediabetes was defined by HbAlc =5.7 to <6.5% among participants
without diabetes. The definition of euglycemia was absence of diabetes and prediabetes.

Cardiac computed tomography angiography assessment

A 256-slice volumetric multi-detector CT scanner (Revolution CT, GE Healthcare,
Milwaukee) was used for acquiring all CT images according to standardized protocols

Circ Cardiovasc Imaging. Author manuscript; available in PMC 2024 October 01.
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and analyzed by board-certified cardiac imagers as previously described and detailed in the
Supplemental Methods.1! Non-contrast cardiac gated CT was completed prior to contrast-
enhanced CT. CAC was quantified according to the Agatston method in Agatston units.
Coronary arteries were assessed across 18 segments as described in the Supplemental
Methods. Based on CCTA findings, coronary plagque was identified and classified according
to the predominant plaque observed: non-calcified, calcified, predominantly non-calcified,
and predominantly calcified plaque. Any coronary plaque included any of the four subtypes.

Outcomes of interest

The primary outcome for this analysis was presence of any coronary atherosclerotic plaque.
Secondary outcomes were presence of any non-calcified plaque, high-risk plaque, maximal
stenosis =50%, and maximal stenosis 270%. Plaque was considered high-risk based on the
presence of at least one of the following findings: positive remodeling, low attenuation,
spotty calcification, or napkin-ring sign. A more specific definition based on the presence
of 2 or more of these high-risk features was also used. The maximal luminal stenosis of
each coronary segment was classified as < or =250% as well as < or =270%. The segment
involvement score (SIS) was also calculated as the total number of coronary segments with
any plaque present.

Statistical analysis

Participants were stratified according to glycemic categories. Among participants with
euglycemia, prediabetes, and diabetes, baseline characteristics were reported as mean
(standard deviation) for continuous variables and number (percentage) for categorical
variables. We also described the frequency of the study outcomes by glycemic categories,
and the burden of any coronary plaque was plotted by coronary artery segments, for each of
the three study groups. In unadjusted analyses, baseline characteristics and study outcomes
were compared across glycemic categories using the Chi-squared or Fisher’s exact test for
categorical variables, as appropriate, and analysis of variance or non-parametric tests for
continuous variables, as appropriate.

Multivariable-adjusted logistic regression models were used to evaluate the independent
associations between glycemic categories and each of the study outcomes: any plaque, any
non-calcified plaque, presence of high-risk plaque features, maximal stenosis =50% and
>70%. Based on biological plausibility and previous studies, potential confounders were
selected a priori for inclusion in the logistic models, as follows: Model 1 adjusted for

age, sex, and race/ethnicity, and Model 2 further adjusted for body mass index categories,
hypertension, smoking status, non-HDL cholesterol, and statin use.? 9 10 The association
of continuous measures of glycemia, based on HbAlc, with coronary atherosclerosis

was evaluated in similar adjusted models plus additional adjustment for glucose lowering
medication (non-insulin plus insulin) use (Model 3).

Unadjusted analyses of coronary plaque outcomes were also performed further stratifying
participants by 10-year ASCVD risk estimates based on PCE (<5%, =5% to <7.5%, =7.5%
to <20%, and =20%), as well as by CAC score categories (0, >0 to 99, and >100).

Circ Cardiovasc Imaging. Author manuscript; available in PMC 2024 October 01.
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Additional analyses were performed across subgroups of interest, including sex (women vs.
men) and race/ethnicity (Hispanic/Latino vs. non-Hispanic White). Among participants with
diabetes, subgroup analyses were performed stratifying participants according to glycemic
control (HbAlc < vs. 27%). Sensitivity analysis was performed incorporating fasting plasma
glucose rather than HbA1c in the definition of glycemic categories (euglycemia: <100
mg/dL, prediabetes: 100-125 mg/dL, diabetes: >126 mg/dL).13

A two-sided p-value <0.05 was considered statistically significant. All analyses were
performed using Stata version 16 (StataCorp, College Station, Texas, USA) or R version
4.2.0 (Vienna, Austria).

Study participants and baseline characteristics

The present study included 2,352 MiHeart participants (mean age 53 years, 49.5% women,
47% Hispanic/Latino). The prevalence of euglycemia, prediabetes, and diabetes was
63.1%, 29.9%, and 6.9%, respectively. Compared with participants who had prediabetes

or euglycemia, those with diabetes were more frequently Hispanic/Latino or Asian, and had
a greater burden of CVD risk factors, including higher prevalence of obesity, hypertension,
low HDL cholesterol, and hypertriglyceridemia; followed by those with prediabetes (except
for Hispanic/Latino) (Table 1). Anti-hypertensive medication, statin, and aspirin use were
also most common among participants with diabetes. Of participants with diabetes, 71.8%
reported anti-hyperglycemic medication use and 9.2% reported insulin use. Additional
details regarding anti-hyperglycemic medication use in diabetes are shown in Table S1.

Estimated ASCVD risk and CAC burden

Figure 1 presents the distribution of PCE-based estimated ASCVD risk categories and
CAC strata across glycemic groups. There was an increasing trend in the prevalence of
higher estimated ASCVD risk with increasingly worse glycemic status, and participants
with diabetes were more commonly at intermediate (=7.5% to <20%) or high (=20%)
10-year risk compared with those with prediabetes or euglycemia (Table S2). Only 0.7% of
participants with prediabetes had an estimated risk >20%, and only 25.2% participants with
diabetes had estimated ASCVD risk <5%.

There was also an increasing trend in the prevalence of higher CAC scores with increasingly
worse glycemic status (Figure 1, Table S2). However, 42.9% of participants with diabetes
had CAC scores of 0. The prevalence of CAC >0 was highest among individuals with
diabetes (57.1%), followed by those with prediabetes (49%) and was lowest in participants
with euglycemia (36.5%). The prevalence of CAC>100 followed the same trend (22.7% and
15.9% in those with diabetes and prediabetes, respectively), and was much higher than a
PCE-estimated risk 220% in all three study groups.

Glycemic categories and any coronary plaque on CCTA

Overall, any coronary plagque was detected in 48.9% of participants. The prevalence was
highest among participants with diabetes (68.7%), lower in those with prediabetes (58%)

Circ Cardiovasc Imaging. Author manuscript; available in PMC 2024 October 01.
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and lowest in euglycemia (42.5%) (Table 2). In multivariable-adjusted logistic regression
analyses accounting for demographics, there was a significant, graded association between
glycemic categories and any coronary plaque (Model 7). Compared with participants with
euglycemia, the prevalence of any coronary plaque was higher in those with prediabetes
(odds ratio [OR] 1.59 [95% CI, 1.30-1.94]) and even higher in those with diabetes

(OR 2.67 [95% CI, 1.83-3.90]). After further adjustment for other CVD risk factors,

the association between glycemic categories and any coronary plaque was attenuated but
remained statistically significant (prediabetes: OR 1.30 [95% CI, 1.05-1.60]; diabetes:
OR 1.75[95% CI, 1.17-2.61]) (Model 2). In continuous analyses, a similar pattern of
association was observed such that higher HbAlc level was associated with higher odds
of any coronary plaque after adjusting for demographics and other risk factors, as well as
after further adjusting for anti-hyperglycemic medication use (Model 3: OR per 1 standard
deviation [SD] higher HbA1c, 1.19 [95% CI, 1.05-1.36]).

Across individual coronary segments, there was a graded increase in prevalence of any
coronary plaque across worsening glycemic categories (Figure 2). For example, in the
proximal left anterior descending coronary artery, any coronary plague was observed in
31.4% of participants with euglycemia and present in 44.2% and 49.7% of those with
prediabetes and diabetes, respectively. The prevalence of any plaque in the left main
coronary artery across glycemic categories followed a similar pattern with 10.0%, 16.5%,
and 22.7% observed in participants with euglycemia, prediabetes, and diabetes, respectively.
The extent of coronary atherosclerosis was higher across worsening glycemic categories
as shown in Figure 3 (Table S3). The median (interquartile range) number of coronary
segments containing any coronary plaque (segment involvement score) was 0 (0-2) in
euglycemia followed by 1 (0-3) in prediabetes, and 2 (0-5) in diabetes.

Glycemic categories and CCTA-based coronary plague characteristics

In the overall cohort, the prevalence of any non-calcified plaque and any high-risk plaque
was 36.1% and 7.0%, respectively, with a higher burden among participants with diabetes
followed by prediabetes and euglycemia (Table 2). Positive remodeling was the most
common high-risk plaque feature followed by either low attenuation plaque or spotty
calcification in each glycemic category (Table S4). The prevalence of high-risk plaque based
on presence of at least 2 high-risk findings was 1.5%, 3.1%, and 6.1% among participants
with euglycemia, prediabetes, and diabetes, respectively. Examples of high-risk plaque
features assessed by CCTA are shown in Figure S2. In fully adjusted analyses, compared
with participants with euglycemia, those with prediabetes and diabetes more commonly had
non-calcified plaque and high-risk coronary artery plaque (Table 2).

For stenosis =50% (overall prevalence: 6.0%), the prevalence was 4.2% for participants
with euglycemia, higher in prediabetes (7.0%), and highest in diabetes (17.8%). Similarly,
the prevalence of stenosis =70% was higher across worsening glycemic categories (1.1%
in euglycemia, 2.8% in prediabetes, 4.4% in diabetes). In adjusted analysis, compared
with euglycemia, diabetes but not prediabetes was significantly associated with presence
of stenosis =50% (OR 3.01 [95% ClI, 1.79-5.08]) (Table 2). In continuous analyses, in

the most adjusted model including anti-hyperglycemic medication use, higher HbAlc was

Circ Cardiovasc Imaging. Author manuscript; available in PMC 2024 October 01.
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significantly associated with higher non-calcified plaque (OR per 1 SD higher HbA1c, 1.30
[95% CI, 1.14-1.48]), high-risk plaque (OR per 1 SD higher HbAlc, 1.24 [95% ClI, 1.07—
1.43]), stenosis 250% (OR per 1 SD higher HbAlc, 1.25 [95% Cl, 1.08-1.44]), and stenosis
=270% (OR per 1 SD higher HbAlc, 1.51 [95% ClI, 1.25-1.82]).

Glycemic categories, estimated ASCVD risk, and coronary artery plaque

Among individuals with diabetes, higher estimated risk using the PCE was associated

with higher burden of all four study outcomes (Table 3). Specifically, among individuals
with diabetes and estimated risk >20%, 95.2% had coronary plaque on CCTA, 33.3% had
plaque with at least one high-risk feature, and 28.6% had stenosis =50%. Among those
with diabetes and estimated risk <5%, 46.3% had detectable plaque, and 9.8% had stenosis
>50%. Similar qualitative trends were observed among those with prediabetes, although the
number who were considered at high ASCVD risk (=20%) was very small (0.7%). Among
participants with prediabetes and estimated risk <5%, 46.0% had plaque on CCTA.

Within strata defined by estimated ASCVD risk categories, the prevalence of any coronary
plaque increased across euglycemia, prediabetes, and diabetes groups in the low ASCVD
risk group (<5%). Conversely, this pattern of association was not observed across the other
estimated ASCVD risk strata: there was no consistent pattern for the prevalence of any
high-risk plaque or stenosis 270% with worsening glycemic categories within ASCVD risk
strata >5%.

Glycemic categories, CAC scores, and coronary artery plague

Among individuals with diabetes, higher CAC scores were associated with higher burden
of most study outcomes (Table 4). Specifically, among individuals with diabetes and CAC
=100, 27% had plaque with at least one high-risk feature, and 59.5% were reported to have
stenosis =50%. Among those with diabetes and CAC=0, 30.0% had detectable plaque, and
only 2.9% had stenosis =50%. Similar qualitative trends were observed among participants
with prediabetes. Specifically, among those with CAC=0, 21.7% had plaque on CCTA,
while only 2.8% had coronary plaque with at least one high-risk feature, and only 0.8% had
stenosis =50%. Among those with CAC 2100, 22.3% had plaque with at least one high-risk
feature and 28.6% had stenosis 250%.

Within strata defined by CAC score categories, the prevalence of most study outcomes

was higher with increasing glycemic categories. Specifically, among participants with CAC
score of 0, the prevalence of any non-calcified plaque was 15.3% overall and was highest
in diabetes (28.6%) followed by prediabetes (20.3%) and euglycemia (12.4%). In the CAC
score =100 category, non-calcified plaque was observed in 74.4%, 80.4%, and 86.5% of
participants with euglycemia, prediabetes, and diabetes, respectively (overall prevalence =
78.0%).

Glycemic categories and coronary atherosclerosis in subgroups

In subgroup analysis stratified by sex (women and men), the prevalence of most coronary
outcomes was lower among women compared with men irrespective of glycemic category
(Table S5). The prevalence of any coronary plaque, non-calcified plaque, high-risk plaque,

Circ Cardiovasc Imaging. Author manuscript; available in PMC 2024 October 01.
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and stenosis =50% was higher across worsening glycemic categories in subgroups stratified
by sex (women and men) and race/ethnicity (Hispanic/Latino and non-Hispanic White)
(Tables S5 and S6). In adjusted analysis accounting for demographics, higher HbAlc was
significantly associated with higher odds of any coronary plaque across subgroups (Mode/

1.

Among participants with diabetes, there were no significant differences in the odds of any
coronary plaque, non-calcified plaque, high-risk plaque, and stenosis >50% between those
with strict versus less strict glycemic control (Table S7).

Sensitivity analysis: fasting plasma glucose in glycemic category definitions

In sensitivity analysis incorporating fasting plasma glucose rather than HbA1c in the
definition of glycemic categories, 2,029 participants were included with non-missing fasting
plasma glucose (euglycemia: 75.2%; prediabetes: 18.4%; diabetes: 6.5%) (Table S8). A
similar pattern of association between glycemic categories and coronary outcomes was
observed overall (Table S9) and in stratified analyses according to estimated 10-year
ASCVD risk (Table S10) and CAC score strata (Table S11) when incorporating fasting
plasma glucose rather than HbALc in the definitions of glycemic categories (Tables 2-4).

Discussion

We observed several important findings in this community-based cohort of asymptomatic,
middle-aged US adults without prior history of CVD. First, there was a graded increase

in the extent and severity of coronary artery plaque detected by CCTA across worsening
glycemic categories (Graphical Abstract). The prevalence of any coronary plaque increased
across categories of euglycemia, prediabetes, and diabetes, with a wider gradient (3-

to 4-fold) for high-risk plaque and stenosis =50%. Second, the association of glycemic
abnormalities with coronary plaque characteristics remained statistically significant after
accounting for traditional CVD risk factors and extended to glycemic levels below the
threshold for diabetes. Prediabetes was 4 times more common than diabetes in the present
study and, compared with euglycemia, was independently associated with higher risk of any
coronary plaque, non-calcified plaque, and high-risk plaque. Third, among individuals with
diabetes, higher estimated ASCVD risk using the PCE and higher CAC scores were both
associated with a higher burden of CCTA-based coronary outcomes. However, the patterns
in the prevalence of the estimated risk <5% and =20% and of CAC=0 and =100, together
with their associations with CCTA-based plaque findings, suggest that CAC=0 may be more
reassuring (any plaque: 30%; stenosis 250%: 3%) than estimated risk <5% (any plaque:
46%; stenosis =50%: 10%) for “de-risking” patients with diabetes; and that CAC =100
(prevalence: 23%) detects more high-risk patients with diabetes than an estimated risk =20%
(prevalence: 13%) (Graphical Abstract). Fourth, similar qualitative patterns were observed
among participants with prediabetes stratified by PCE and CAC scores.

Prior studies evaluating coronary atherosclerosis using CCTA among asymptomatic
individuals with hyperglycemia were limited to adults with diabetes living outside of
the US with inclusion of few women and individuals of Hispanic/Latino race/ethnicity
(Table S12).14 To the best of our knowledge, the present study is the largest to date
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of asymptomatic adults in the US with no history of ASCVD across the glycemic

spectrum who underwent comprehensive plaque characterization by CCTA. Prediabetes

is an important entity to examine as it accounts for more absolute ASCVD events than
diabetes, despite the lower relative risk, due to its higher prevalence.? Rossello, et al
demonstrated a graded increase in prevalence of multi-territory subclinical atherosclerosis
across higher levels of HbAlc among individuals without diabetes with consistent patterns
in the carotid, coronary, iliac and femoral arteries.? The low prevalence of atherosclerosis
observed in the coronary arteries in this prior study compared with other macrovascular

beds may be explained by use of CAC to detect atherosclerosis. We observed non-calcified
plague by CCTA in 45% of participants with prediabetes which may potentially be missed
by CAC testing if calcified components were absent. Complex coronary plaque observed in
dysglycemic states is a culmination of advanced glycation end products and activation of
pro-inflammatory signaling pathways with infiltration of macrophages into atherosclerotic
lesions.1®> Our study findings add to the existing literature and provide insights into the
elevated ASCVD risk observed in prediabetes and diabetes as each of the coronary outcomes
evaluated are associated with risk of downstream ASCVD and may be future targets for
preventive interventions.? > © These findings further emphasize the importance of examining
dysglycemia beyond a dichotomous threshold (HbAlc < versus =6.5%) as a broad range that
extends well below diabetes thresholds. The degree of dysglycemia is correlated with the
risk of coronary atherosclerosis which builds on prior work identifying the glycemic marker
HbA1c as one the strongest predictors of subclinical atherosclerosis in the Progression and
Early detection of Subclinical Atherosclerosis (PESA) study.16

Additionally, in the present study, women represented approximately one-half of the study
population, consistent with a real-world setting, which is a larger proportion observed in
previous studies of CCTA among asymptomatic adults with dysglycemia (Table S12) as
well as clinical trials supporting clinical practice guidelines.1” Additional studies enrolling
women with dysglycemia are needed to further our understanding of the higher relative risk
of CVD associated with diabetes in women compared with men.18 Furthermore, Hispanic/
Latino adults comprised nearly one-half of the present study population, far more than
prior studies of CCTA in asymptomatic adults with dysglycemia (Table S12). Despite

a higher burden of CVD risk factors, Hispanic/Latino individuals have lower risk of

CVD compared with other racial/ethnic groups, known as the Hispanic paradox, which
may be explained by their lower CAC burden.1® We demonstrated that the prevalence

of overall coronary plaque and non-calcified plague was higher with worsening glycemia
among Hispanic/Latino and non-Hispanic White individuals. Future studies with long-term
follow-up and CVD outcomes are needed to further evaluate the Hispanic paradox and
contextualize the prognostic implications of dysglycemia and coronary atherosclerosis
across racial/ethnic groups. Multiple vascular beds are oftentimes affected by atherosclerosis
given its systemic nature and further investigation of these territories across the glycemic
spectrum is warranted in diverse, asymptomatic populations.

Our study has several important clinical implications. First, among individuals with diabetes,
we observed a high burden of coronary plaque, including non-calcified plaque, in those with
estimated ASCVD risk <5% and those with CAC score of 0. These findings highlight the
accelerated form of atherosclerosis observed in people with diabetes and provide further
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support for the ACC/AHA primary prevention guideline recommendations, which endorsed
consideration of at least moderate-intensity statin therapy in all patients with diabetes,
irrespective of their estimated ASCVD risk or their CAC burden.”- 15 However, while current
ACC/AHA guidelines recommend using ASCVD risk factors to inform the intensity of
statin therapy in patients with diabetes, our findings suggest that CAC may be an informative
strategy for this purpose. Specifically, we observed that a CAC score of 0 was more frequent
than an estimated ASCVD risk <5% in diabetes (43% vs 25%) and that it provided greater
reassurance: the prevalence of any coronary plaque was lower in those with CAC=0 (30%
vs. 46%), and the same was true for non-calcified plaque (29% vs. 39%) and stenosis

=>50% (3% vs 10%). Similar study findings would be expected for alternative ASCVD

risk prediction tools for the general population incorporating traditional risk factors but
diabetes-specific tools, especially those that integrate diabetes duration and glycemia, may
enhance risk prediction and require further investigation.20

Second, “de-risking” patients with diabetes may be particularly relevant in the allocation of
non-statin add-on preventive therapies, some of which may be costly and/or have significant
side effects. While prospective studies are needed to better understand the prognostic
implications of CAC=0 among individuals with diabetes treated with statins, recent analyses
in prospective cohorts suggest that CAC burden may help guide a personalized allocation

of add-on cardioprotective antihyperglycemic medications such as glucagon-like peptide 1
receptor agonists, as well as icosapent ethyl.3: 21 This use of CAC is not discussed in current
ACC/AHA guidelines,” but the National Lipid Association acknowledges this paradigm.22
Our findings expand this body of evidence, showing a strong correlation between CAC
burden and highly relevant prognostic findings on CCTA among adults representative of the
primary prevention population, and future ACC/AHA prevention guideline updates could
consider incorporating guidance on the role of CAC to inform use of preventive therapies.

Third, we observed that prediabetes is characterized by a substantial burden of subclinical
coronary atherosclerosis, including high-risk plaque features, that may contribute to the
excess risk of ASCVD.2 The prevalence of prediabetes in our study cohort was 30% which
resembles the nearly 100 million adults in the US affected by hyperglycemia below the
thresholds for diabetes.! Due to the burden of disease and associated risk, prediabetes
accounts for a larger absolute number of ASCVD events than diabetes highlighting the need
for effective preventive therapies in this growing population.2 Primordial prevention with an
intensive lifestyle intervention is an effective strategy to reduce the incidence of diabetes but
had no effect on coronary atherosclerosis.23 This latter null effect may be explained by the
duration and intensity of the lifestyle intervention as well as the assessment of only calcified
plague imaged by CAC. In select individuals with prediabetes and elevated risk, therapies
targeting reduction in ASCVD may be indicated rather than medications narrowly focusing
on prevention of diabetes.

Fourth, CCTA provides detailed information regarding coronary plaque characteristics, such
as high-risk plaque features, that are known to be associated with downstream risk of
ASCVD and may be helpful in guiding selection of preventive therapies.> ¢ In asymptomatic
populations, the FACTOR-64 trial showed no statistically significant difference in major
adverse cardiovascular events among patients with diabetes who underwent CCTA screening
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compared with standard therapy (6.2% vs. 7.6%, p-value = 0.38).24 A potential explanation
for the non-significant findings is that management recommendations in the CCTA arm were
made based on luminal stenosis and CAC scores and prioritized coronary revascularization,
i.e., did not take full advantage of the information that can be obtained from a contemporary
CCTA scan. This information could be used to inform more aggressive preventive
management in selected individuals. Nonetheless, another plausible explanation is that
high-risk plaque findings are relatively infrequent, that most individuals with high-risk
plaque features would qualify for aggressive preventive pharmacotherapy, and that a treat-
all approach is a powerful paradigm reducing ASCVD events in patients with diabetes.
Therefore, the potential value of contemporary CCTA in the management of patients with
diabetes requires further evaluation in a randomized clinical trial.

Study limitations

The study findings should be interpreted in the context of limitations. MiHeart recruited
participants who had a favorable safety profile to undergo CCTA, including individuals
with normal kidney function. This may limit the generalizability of our study findings

in prediabetes and diabetes, in which comorbid renal dysfunction is frequent.2 Diabetes
accounted for 7% of the overall population with higher statin use and lower LDL-C levels
than other groups. Enrollment of a relatively healthy study population may have also
underestimated the strength of the associations between glycemic categories and subclinical
coronary atherosclerosis.

There were missing data regarding specific glucose markers, such as fasting plasma glucose
and glucose tolerance testing, for identification of glycemic categories. Self-report of
clinical history may lead to misclassification of glycemic categories. Nonetheless, HbAlc
data was available in 99% of participants plus self-reported medical history and medication
use were incorporated suggesting participants were likely appropriately classified by
glycemic status.

Finally, while this observational, cross-sectional study showed an association between
glycemic categories and coronary atherosclerosis, causality cannot be established.
Additionally, data regarding incident ASCVD events were not available. Nevertheless, the
consistency with prior mechanistic and genetic studies and the dose-response associations
observed between worsening glycemic categories and coronary outcomes provide further
reassurance.®

Conclusions

Our study findings demonstrate a greater extent and severity of coronary atherosclerosis
across worsening glycemic categories independent of traditional CVD risk factors. The
excess burden of coronary atherosclerosis observed in diabetes extends to individuals with
prediabetes, who accounted for a much larger proportion of the population in MiHeart.

In both groups, CAC correlated more closely with CCTA findings than the PCE and was
informative in a larger proportion of participants. Longitudinal studies are needed to better
understand the prognosis of patients with diabetes and prediabetes, estimated risk <5% or
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CAC=0, and detectable plaque on CCTA; as well as the potential contemporary role of
CCTA in their risk management.
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CLINICAL PERSPECTIVES

This study evaluated the prevalence of coronary atherosclerosis assessed by coronary
computed tomography angiography (CCTA) across the glycemic spectrum among
asymptomatic adults free of atherosclerotic cardiovascular disease enrolled in the Miami
Heart Study at Baptist Health South Florida (n = 2,352 participants; euglycemia=63%;
prediabetes=30%; diabetes=7%). The prevalence of any coronary plaque was 49% overall
with a higher prevalence across worsening glycemic categories (euglycemia: 43%,
prediabetes: 58%, diabetes: 69%). A similar pattern of association was observed for
non-calcified plaque, plaque with =1 high-risk feature, and maximal stenosis >50%.

The greater burden of coronary atherosclerosis associated with worsening dysglycemia
was more closely correlated with coronary artery calcium score compared with 10-year
atherosclerotic cardiovascular disease risk estimated from the ACC/AHA Pooled Cohort
Equations. These findings suggest that the excess risk of coronary atherosclerosis
observed with diabetes extends to prediabetes and coronary artery calcium score was
more informative of this risk than the ACC/AHA Pooled Cohort Equations.
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Figure 1. Distribution of estimated ASCVD risk categories* and CAC score categories across
glycemic strata.

*Estimated using the Pooled Cohort Equations.12 CAC scores presented in Agatston units.
Abbreviations: ASCVD; atherosclerotic cardiovascular disease; CAC, coronary artery
calcium
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Figure 2. Prevalence of atherosclerotic plague in coronary segments across glycemic categories.
Each number (circles) identifies a coronary artery segment as follows: 1, proximal RCA; 2,

mid RCA,; 3, distal RCA; 4, posterolateral artery; 5, posterior descending artery; 6, left main
coronary artery; 7, ramus intermedius; 8, proximal LAD; 9, first diagonal; 10, mid LAD;
11, second diagonal; 12, distal LAD; 13, proximal LCX; 14, first obtuse marginal; 15, distal
LCX; 16, second obtuse marginal; 17, third obtuse marginal.

* The prevalence of plaque in the posterolateral artery includes the right and left

posterolateral arteries.

Abbreviations: LAD, left anterior descending coronary artery; LCX, left circumflex

coronary artery; RCA, right coronary artery
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Figure 3. Distribution of number of coronary segments with atherosclerotic plaque across

glycemic categories.

Abbreviations: ASCVD; atherosclerotic cardiovascular disease; CAC, coronary artery
calcium; CCTA, cardiac computed tomography angiography; CT, computed tomography
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Table 1.

Baseline characteristics of participants across glycemic categories (N=2,352).

ugoemia Predbetss DI p
Age, years 52.3(6.8) 55.2(6.4) 55.2(6.2) <0.001
Women 745(50.2%)  343(48.7%)  77(47.2%)  0.68
Race/Ethnicity <0.001
Non-Hispanic White 656(44.2%)  309(43.9%)  49(30.1%)
Non-Hispanic Black 34(2.3%) 39(5.5%) 9(5.5%)
Non-Hispanic Asian 28(1.9%) 33(4.7%) 10(6.1%)
Non-Hispanic Other 1(0.1%) 0(0%) 1(0.6%)
Non-Hispanic =1 race 15(1.0%) 12(1.7%) 5(3.1%)
Hispanic/Latino 724(48.8%)  295(41.9%)  87(53.4%)
Unknown/not disclosed 27(1.8%) 16(2.3%) 2(1.2%)
Education 0.012
Less than high school 2(0.1%) 5(0.7%) 1(0.6%)
High school 106(7.1%) 70(9.9%) 16(9.8%)
Some college, no degree  161(10.8%) 88(12.5%) 26(16.0%)
Bachelors 746(50.2%)  333(47.3%)  78(47.9%)
Post graduate studies 466(31.4%)  201(28.6%)  41(25.2%)
Unknown/not disclosed 4(0.3%) 7(1.0%) 1(0.6%)
Income <0.001
<$25,000 29(2.0%) 17(2.4%) 3(1.8%)
$25,000 to <$50,000 75(5.1%) 68(9.7%)  23(14.1%)
$50,000 to <$75,000 121(8.1%) 62(8.8%)  18(11.0%)
$75,000 to <$150,000 496(33.4%)  241(34.2%)  70(42.9%)
>$150,000 622(41.9%)  245(34.8%)  35(21.5%)
Not disclosed 142(9.6%) 71(10.1%) 14(8.6%)
Cigarette Use 0.10
Never smoker 1096(73.8%) 507(72.0%)  105(64.4%)
Former smoker 345(23.2%)  178(25.3%)  50(30.7%)
Current smoker 44(3.0%) 19(2.7%) 8(4.9%)
BMI categories <0.001
Underweight 8(0.5%) 2(0.3%) 0(0%)
Normal weight 457(30.8%)  134(19.0%)  7(4.3%)
Overweight 643(43.3%)  278(39.5%)  57(35.0%)
Obesity 377(25.4%)  290(41.2%)  99(60.7%)
Systolic BP, mm Hg 122(14) 126(14) 130(14) <0.001
Diastolic BP mm Hg 77(9) 80(8) 82(7) <0.001
Hypertension 591(39.8%)  391(55.5%) 127(77.9%) <0.001
Lipids levels, mg/dL
Total cholesterol 206(39) 208(42) 193(44) <0.001
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LDL cholesterol

HDL cholesterol

Non-HDL cholesterol

Triglycerides
High LDL cholesterol
Low HDL cholesterol
Hypertriglyceridemia
Medication use

BP lowering

Statin

Aspirin

Glucose lowering

Non-insulin

Insulin

Euglycemia
(n=1,485)

123(35)
62(20)
144(39)
103(55)
825(55.6%)
233(15.7%)
214(14.4%)

212(14.3%)

239(16.1%)

278(18.7%)
0(0%)
0(0%)
0(0%)

Prediabetes
(n=704)

125(36)
58(19)
150(42)
124(86)
506(71.9%)
157(22.3%)
166(23.6%)

171(24.3%)

215(30.5%)

201(28.6%)
0(0%)
0(0%)
0(0%)

Diabetes
(n=163)

114(36)
48(16)
146(43)
185(215)
116(71.2%)
76(46.6%)
70(42.9%)

78(47.9%)
68(41.7%)
64(39.3%)
117(71.8%)
112(68.7%)
15(9.2%)

P-value

0.001
<0.001
0.003
<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
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Data are presented as number (%) for categorical variables and mean (standard deviation) for continuous variables. Comparisons across groups
were performed with Chi-squared or Fisher’s exact test for categorical variables and analysis of variance or non-parametric tests for continuous

variables, as appropriate.

Abbreviations: BMI, body mass index; BP, blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein; N, number.
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Table 3.
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Prevalence of the study outcomes across glycemic categories stratified by estimated 10-year ASCVD risk

strata.
Euglycemia Prediabetes  Diabetes
Participants with estimated risk <5%
Number 1,143 428 41
Any plaque 387(33.9%)  197(46.0%)  19(46.3%)
Any non-calcified plaque 260(22.7%)  155(36.2%)  16(39.0%)
Any plaque with =1 high-risk feature 39(3.4%) 24(5.6%) 2(4.9%)
Stenosis = 50% 25(2.2%) 10(2.3%) 4(9.8%)
Stenosis = 70% 9(0.8%) 3(0.7%) 1(2.4%)
Participants with estimated risk =5 to <7.5%
Number 171 133 24
Any plaque 117(68.4%)  97(72.9%)  12(50.0%)
Any non-calcified plaque 86(50.3%) 67(50.4%)  10(41.7%)
Any plaque with =1 high-risk feature 17(9.9%) 16(12.0%) 1(4.2%)
Stenosis = 50% 15(8.8%) 14(10.5%)  4(16.7%)
Stenosis = 70% 1(0.6%) 6(4.5%) 1(4.2%)
Participants with estimated risk 27.5% to <20%
Number 152 135 77
Any plague 114(75.0%)  108(80.0%)  61(79.2%)
Any non-calcified plaque 86(56.6%) 88(65.2%)  51(66.2%)
Any plaque with =1 high-risk feature 13(8.6%) 25(18.5%)  14(18.2%)
Stenosis = 50% 20(13.2%)  23(17.0%)  15(19.5%)
Stenosis = 70% 6(3.9%) 9(6.7%) 2(2.6%)
Participants with estimated risk >20%
Number 5 5 21
Any plaque 5(100%) 4(80.0%) 20(95.2%)
Any non-calcified plaque 5(100%) 3(60.0%) 14(66.7%)
Any plaque with =1 high-risk feature 2(40.0%) 1(20.0%) 7(33.3%)
Stenosis = 50% 0(0%) 2(40.0%)  6(28.6%)
Stenosis = 70% 0(0%) 2(40.0%)  3(14.3%)

ASCVD risk was estimated using the Pooled Cohort Equations.12 Results are presented as number (column %).

Abbreviation: ASCVD, atherosclerotic cardiovascular disease.

Note: Total cholesterol values were missing for 17 participants, for whom ASCVD risk was not calculated.
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Table 4.

Prevalence of the study outcomes across glycemic categories stratified by coronary artery calcium score strata.

Euglycemia Prediabetes  Diabetes

Participants with CAC score =0

Number 943 359 70
Any plague 124(13.1%)  78(21.7%)  21(30.0%)
Any non-calcified plaque 117(12.4%) 73(20.3%)  20(28.6%)
Any plaque with =1 high-risk feature 18(1.9%) 10(2.8%) 3(4.3%)
Stenosis = 50% 6(0.6%) 3(0.8%) 2(2.9%)
Stenosis = 70% 3(0.3%) 0(0%) 0(0%)
Participants with CAC score >0 to 99
Number 378 233 56
Any plague 344(91.0%)  218(93.6%)  55(98.2%)
Any non-calcified plaque 204(54.0%)  152(65.2%) 39(69.6%)
Any plaque with =1 high-risk feature 30(7.9%) 32(13.7%)  11(19.6%)
Stenosis = 50% 13(3.4%) 14(6.0%) 5(8.9%)
Stenosis = 70% 1(0.2%) 4(1.7%) 1(1.8%)

Participants with CAC score 2100

Number 164 112 37

Any plaque 163(99.4%)  112(100%)  36(97.3%)
Any non-calcified plaque 122(74.4%)  90(80.4%)  32(86.5%)
Any plaque with =1 high-risk feature ~ 25(15.2%) 25(22.3%)  10(27.0%)
Stenosis = 50% 43(26.2%) 32(28.6%)  22(59.5%)
Stenosis = 70% 12(7.1%) 16(14.3%) 6(16.2%)

Results are presented as number (column %). CAC scores presented in Agatston units.

Abbreviation: CAC, coronary artery calcium.
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