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Abstract

Objectives: To determine the relationship of coronary artery calcium (CAC) scores with
subsequent cardiovascular disease (CVD) events in DCCT/EDIC participants.

Background: The CAC score has been validated to improve risk stratification in general
populations; however, this association has not been well-studied in type 1 diabetes (T1DM).

*A complete list of participants in the DCCT/EDIC Research Group is presented in the Supplementary Material published online for
the article in N Engl J Med 2015;372:1722-33.
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Methods: Computed tomography (CT) to measure CAC was performed in 1,205 DCCT/EDIC
participants with a mean age of 42.8 years during EDIC 7-9 years after the end of DCCT. We
analyzed the association of CAC with time to the first subsequent CVD event or to the first major
adverse cardiac event (MACE), a follow-up of 10-13 years. CAC was categorized as: 0, >0-100,
>100-300, or >300 Agatston units.

Results: Of 1156 at risk of subsequent CVD, 105 had an initial CVD event (8.5 per 1,000
patient-years); and of 1187 at risk of MACE, 51 had an initial MACE event (3.9 per 1,000 patient-
years). Event rates among those with zero scores (n=817, 70.7%) were very low for CVD (5.6 per
1000 patient years). CAC scores >100-300 (HR=4.17, 5.40) and >300 (HR=6.06, 6.91) were
associated with higher risks of CVD and MACE, respectively, compared to CAC=0 (p<0.0001).
CAC scores >0-100 were nominally associated with CVD (HR=1.71, p=0.0415) but not with
MACE (HR=1.11, p=0.8134). Similar results were observed when also adjusted for mean HbAlc
and traditional CVD risk factors. The increment in the AUC due to CAC was modest.

Conclusions: CAC scores greater than 100 Agatston units were significantly associated with an
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increased risk of the subsequent occurrence of CVD and MACE in DCCT/EDIC cohort.

Trial Registration: clinicaltrials.gov NCT00360815 and NCT00360893.

Keywords

Type 1 diabetes; Coronary artery calcification; Cardiovascular disease; Major Adverse
Cardiovascular Event

INTRODUCTION

Type 1 diabetes mellitus (TLDM) is associated with increased risk of cardiovascular
complications including myocardial infarction, stroke, congestive heart failure, and unstable
angina (1). In addition to glycemia (2), numerous traditional risk factors (age, hypertension,
hyperlipidemia, etc.) and unknown hereditary, genetic and environmental factors may be
involved. Risk factors for cardiovascular disease (CVD) are well established in type 2
diabetes mellitus (T2DM) but less well established in TLDM, perhaps due to the difference
in duration of diabetes, lower body weights and lower prevalence of these traditional risk
factors. The coronary artery calcium (CAC) score provides an assessment of calcified
coronary artery plagues, a marker of atherosclerotic burden (3). An elevated CAC score has
been shown to be predictive of clinical outcomes in several cohorts that include various
proportions of participants with diabetes (4-8). However, the association of CAC scores in
individuals with T1DM is not well studied (9).

The Diabetes Control and Complications Trial (DCCT) (10) enrolled 1441 T1DM
individuals, most of whom enrolled in the follow-up study, the Epidemiology of Diabetes
Interventions and Complications (EDIC) (11) study. After ~7 years of EDIC follow-up, CAC
scores were measured in 1,205 participants with a mean age of 42.8 years; prior intensive
treatment during DCCT was associated with lower CAC scores (12). Herein we present
additional analyses to assess the association of CAC scores with the development of initial
CVD events in DCCT/EDIC participants who were followed over a subsequent 10 to 13
years.

JACC Cardiovasc Imaging. Author manuscript; available in PMC 2020 July 01.
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RESEARCH DESIGN AND METHODS

Subjects

The Diabetes Control and Complications Trial (DCCT), a randomized controlled clinical
trial (13), compared the effects of intensive (N=711) versus conventional (N=730) diabetes
therapy on long-term diabetes complications. During 1983-1989, 1441 individuals aged
13-39 years old were enrolled: 726 into the primary prevention cohort (diabetes duration 1-5
years and no evidence of microvascular complications), and 715 into the secondary
intervention cohort (1-15 years duration and minimal retinopathy or nephropathy
complications). After the end of the DCCT (1993), participants in the conventional treatment
group were instructed in intensive therapy and referred to their personal physicians for
continued diabetes care.

The Epidemiology of Diabetes Interventions and Complications (EDIC) (11) study, an
observational follow-up of the DCCT cohort, started in 1994; 1394 (98.2%) of 1420
surviving DCCT participants enrolled. Of these, 1205 of the1296 survivors (93%) consented
to undergo Coronary Artery Calcium Computed Tomography (CT) 7-9 years after
completion of DCCT (EDIC year 7 between 2001 and 2002). Of these, 49 participants had a
prior cardiovascular disease (CVD) event and were excluded from these analyses, leaving
1156 participants with CT who were at risk of an initial CVD event. Likewise, 18
participants who had a prior major adverse cardiac event (MACE) were excluded, leaving
1187 participants at risk for an initial MACE event. Figure 1 depicts the EDIC participants
available for the subsequent CVD and MACE analyses.

DCCT/EDIC Covariates

Covariate values were obtained concurrent with or at the last visit prior to the CT evaluation.
Smoking, blood pressure, pulse, and body mass index were obtained from an annual follow-
up evaluation. The Central Biochemistry Laboratory (CBL) measured hemoglobin Alc
(HbALXLc) levels quarterly during the DCCT and annually in EDIC. The DCCT/EDIC time-
weighted mean HbA1c, with weights of 0.25 for DCCT and 1 for EDIC values, represents
the total glycemic exposure during DCCT/EDIC. Fasting lipids and albumin excretion rate
(AER) were measured annually during DCCT and in alternate years during EDIC.
Microalbuminuria was defined as a history of AER>30 mg/24 hours on at least two
consecutive annual visits..

Coronary Artery Calcification (CAC) Assessment

The methods to obtain the CT-derived CAC scores were previously described (12). In brief,
CT was performed in 19 scanning sites (see appendix) using a C-150 cardiac-gated electron
beam CT scanner (7=9; Imatron, San Francisco, CA), a Lightspeed (/7=7; General Electric
Medical Systems, Waukesha, WI) or a Volume Zoom (Siemens, Erlanger, Germany) multi-
detector CT system, a Lightspeed Marconi MX-8000 (GE), or a Somatom 4+ (Siemens)
(rm,=3). All participants were scanned twice over calibration phantoms of known physical
calcium concentration.

JACC Cardiovasc Imaging. Author manuscript; available in PMC 2020 July 01.
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CT-scans were read centrally at the Los Angeles Biomedical Research Center Core CT lab
(University of California, Los Angeles) to identify and quantify CAC, using the method of
Agatston et al. (13) The measurement of coronary artery calcium was assessed by measuring
all pixels with density >130 Hounsfield units (HU). The area of the calcium was multiplied
by the density factor represented by the peak density in each calcific lesion, with 1=130-199
HU; 2=200-299 HU; 3=300-399 HU; and 4=>400. The calcium score was obtained by
summing all calcific lesions in all 4 major coronary arteries and side branches. The average
score from the two scans was used in the analysis. Readers were masked to participant
identity and prior DCCT treatment assignment. Coronary Artery Calcium (CAC) was
classified into 4 categories: =0, >0-100, >100-300, or >300 Agatston units for the current
analysis.

Reading center staff evaluated scan quality based on seven criteria: motion artifact, streak
artifact, phantom placement, slice registration, lack of noise, axis coverage, and xy axis
coverage. The 19 scanning centers were monitored monthly using these criteria. The intra-
and inter-reader precision was evaluated with the use of a set of standard scans that were
reread by the same reader and another reader at the reading center. The kappa measure of
intra-reader agreement beyond chance for the presence or absence of calcification was 0.81,
and the inter-reader kappa was 0.86. The coefficient of reliability for the numerical CAC
scores was 0.99 for both inter- and intra-reader as reported previously (12).

Cardiovascular Outcomes

The primary outcome was the time to the first CVD event including either non-fatal
myocardial infarction or stroke; death judged to be secondary to cardiovascular disease;
subclinical (“silent”) myocardial infarction detected on an annual electrocardiogram; angina
confirmed by ischemic changes with exercise tolerance testing or by clinically significant
obstruction on coronary angiography; congestive heart failure with paroxysmal nocturnal
dyspnea, orthopnea or marked limitation of physical activity caused by heart disease; or
revascularization with angioplasty and/or coronary artery bypass. We also evaluated time to
the first major adverse cardiovascular event (MACE), including non-fatal MI, non-fatal
stroke, or CV death.

Cardiovascular events were captured by participant self-report during the EDIC annual
visits, documented by medical records, and centrally adjudicated by the EDIC Mortality and
Morbidity Review Committee masked to DCCT treatment assignment, HbA1c, and glucose
levels. The analyses reported here only included adjudicated qualifying cardiovascular
events that occurred after the CT examination (~2001-2002) through December 31, 2013, a
period of 10 to 13 years depending on the time of the CT. This data lock date was selected to
provide adequate statistical power for multivariate modeling in the complete cohort. (2).

Statistical Analysis

The Contingency Chi-Square test assessed differences in categorical characteristics among
the four CAC score groups, and the Cochran-Armitage trend test assessed a linear trend
(increasing or decreasing) in proportions among the ordered groups. The Kruskal-Wallis test

JACC Cardiovasc Imaging. Author manuscript; available in PMC 2020 July 01.
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compared quantitative characteristics among groups, and the ANOVA linear trend test
assessed linear trends in the means (14).

The Kaplan-Meier estimate of the cumulative incidence function of a CVD event within the
four CAC score groups is presented, and the differences among groups tested using the log-
rank test. (15) Cox proportional hazards models assessed differences among the CAC score
groups in the risk of subsequent CVD events adjusted for known risk factors. Hazard ratios
(HR), 95% confidence intervals (Cl) and Wald test p-values (p) were reported. (16) Cox
proportional hazards models with CAC score group number as a quantitative covariate
provided a Wald test of linear trend among CAC score groups.

Cox Model A was minimally adjusted for scanning site, age and gender, while Model B
further adjusted for DCCT cohort (primary prevention vs. secondary intervention cohort),
mean HbALc, systolic blood pressure, antihypertensive medication, LDL cholesterol, HDL
cholesterol, and smoking at the time of the CT (EDIC years 7-9) and DCCT baseline family
history of MI. (2). The association between CAC and the subsequent risk of any CVD and
MACE in these multivariable models was assessed using Wald chi-square tests with 3df.
Area under the ROC curve (AUC) was calculated using 4 CAC categories for each Cox
model based on the Gonen-Heller approach (17), and confidence intervals for difference in
AUCs were obtained using bootstrapping. The AUC describes the predictive accuracy of a
model, with an AUC=0.5 corresponding to random predictions and an AUC=1 to
corresponding to perfect predictions. The predictive value of a biomarker is represented by
the increase in AUC (if any) when the marker is added to the model with the other
covariates.

Results nominally significant at p < 0.05 (two-sided) are cited. All analyses were performed
using SAS software (version 9.3; SAS Institute, Cary, NC) and R.

Of the 1156 participants at risk of an initial CVD event, 817 (70.7%) had a CAC score of 0,
221(19.1%) a CAC score >0-100, 65 (5.6%) a CAC score >100-300 and 53 (4.6%) a CAC
score >300 Agatston units. Table 1 presents participant characteristics at the time of the CT
within the four CAC score groups; mean age was 42.8 years, mean systolic blood pressure
(SBP) was 122 mm Hg, 27.5% were using anti-hypertensive medication and 47.2% were
females. Women had lower CAC scores than men. Based on the trend test, increasing CAC
scores were also associated with older age, longer duration of diabetes, smoking, higher SBP
(but not DBP), lower HDL cholesterol, higher triglycerides, and history of
microalbuminuria. Also, the mean non-HDL cholesterol differed significantly among the
CAC categories, but without a significant linear trend, with the mean in the CAC score 0
group being less than that in the higher CAC score groups, after adjustment for gender.
Higher CAC scores were also associated with increasing anti-hypertensive and lipid-
lowering medication use. Interestingly, CAC score was not associated with the current
HbAlc, DCCT/EDIC time-weighted mean HbAlc, LDL or total cholesterol.

JACC Cardiovasc Imaging. Author manuscript; available in PMC 2020 July 01.
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During the 10 to13 years of follow-up after the CT examination (through 12/31/2013), 105

of the 1156 participants at risk over 12,350 patient-years had an initial CVD event (8.5 per

1,000 patient years, 95% ClI: 7.0,10.3), and 51 of 1187 at risk over 13,006 patient-years had
an initial MACE event (3.9 per 1,000 patient years; Cl: 3.0,5.2).

Table 2 shows that the crude incidence of any CVD among the 4 CAC score groups
increased as the CAC score category increased with values of 6.1%, 10.4%, 23.1% and
32.1%, respectively. The corresponding CVD event rates in the four CAC categories were
5.6, 9.9, 24.4, and 37.9 per 1000 patient years. Figure 2 presents the cumulative incidence of
any CVD following the CT examination within the four CAC score groups. Increasing
calcium scores were strongly associated with higher risks of CVD events (p<0.0001).

Using the annual rate per year (Table 2), the absolute risks (cumulative incidences, Figure 2)
of any CVD over the 5 years following the CAC evaluation of CAC = 0, >0-100, >100-300,
and >300 are 2.8%, 4.8%, 11.5% and 17.3%, respectively. Thus, the 5-year risk of any CVD
with a calcium score >300 is 1.5 times greater than with a calcium score of >100-300, and
the latter is 2.4 times greater than a calcium score of 0-100 Agatston units.

The incidence of MACE similarly increased significantly (p<0.0001) over the four CAC
score categories with respective values of 2.8%, 3.1%, 13.9% and 17.7% and corresponding
event rates of 2.5, 2.8, 13.9 and 18.2 per 1000 patient years, respectively. The corresponding
5- year absolute risks of MACE for four CAC categories, CAC = 0, >0-100, >100-300, and
> 300 are 1.2%, 1.4%, 6.7% and 8.7%, respectively. Thus, the 5-year risk of subsequent
MACE with a calcium score >300 is 1.3 times greater than with a calcium score of
>100-300, and the latter is 4.8 times greater than with a calcium score of >0-100 Agatston
units.

CAC was highly associated with the subsequent risk of CVD and MACE in Cox models A
(3df Wald chi-square values of 38.68 and 20.86, respectively, p<0.0001 for both) and B (3df
Wald chi-square values of 30.53 and 27.38, respectively, p<0.0001 for both).

Table 3 presents hazard ratios (HRs) for any CVD and for MACE estimated from Cox
proportional hazards models comparing the upper 3 CAC score groups to the first category
(CAC score 0), with adjustment for other covariates. Adjusted only for the scanning site,
gender, and age (Model A), CAC scores of >100-300 (CVD: HR=4.17, 95%CI (2.23, 7.80);
MACE: HR=5.40, 95%ClI (2.37, 12.27))and >300 (CVD: HR=6.06, 95%CIl (3.22, 11.40);
MACE: HR=6.91, 95%CI (2.99, 15.97)) had higher risks of both any CVD and MACE
compared with CAC 0 (p<0.0001), while the HR for a CAC score of >0-100 was significant
for any CVD (HR=1.71, 95%CI (1.02, 2.88), p=0.0415) but not for MACE (HR=1.11,
95%CI (0.46, 2.66), p=0.8134). The increased risks for CAC scores of >100-300 and >300,
but not >0-100, remained significant after further adjustment for mean HbA1c and other
traditional risk factors (Model B, see Methods). The same findings were observed when the
mean HbAlc value was substituted for treatment group (data not shown), and when Models
B was further adjusted for use of lipid lowering medications, ACE inhibitor, or TLDM
duration (data not shown). . In addition, the interactions between CAC and gender

JACC Cardiovasc Imaging. Author manuscript; available in PMC 2020 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Budoff et al.

Page 7

(p=0.4922), between CAC and mean HbAlc (p=0.2431), and between CAC and intensive
vs. conventional treatment group (p=0.3693) were not significant.

In the AUC analysis (On line eTable 1), when CAC score categories were added to the other
covariates in Model A for any CVD, the AUC increased from 0.684 without CAC to 0.697
with CAC, 95% CI for the difference (0.0005-0.0292), indicating a significant increase in
the AUC. When added to the covariates in Model B for any CVD, the AUC increase was not
statistically significant.. The increase in AUC was not significant for MACE.

Statin use (or not) during EDIC was only recorded starting in EDIC year 11, after CT was
conducted. The proportion known to be using statins at the time of the CVD event was
44.4% (20/45) among those with CAC score 0, 64.7% (11/17) among those with score
>0-100, 45.5% (5/11) with CAC >100-300, and 60.0% (6/10) with CAC>300 Agatston
units.

DISCUSSION

Coronary artery calcium has been shown in numerous studies to predict CVD events, most
strongly in participants at intermediate risk with T2DM (18, 19). This study demonstrates
similar predictive power for CAC among those persons with TLDM. The 10-13 year CVD
incidence was 23% among those with CAC >100-300, and 32% for CAC >300 Agatston
units.

The largest study prior to this report to evaluate participants with TLDM with CAC
measurements was the CACTI (Coronary Artery Calcification in Type 1 Diabetes) study
(20). The 656 T1D participants in the CACTI study showed a higher prevalence and extent
of CAC than 764 age- and gender-matched control participants without diabetes with no
difference between men and women. Prior studies have demonstrated extensive calcification
even in young (17 - 28 years old) adults with TIDM (21) and calcification has been
associated with factors including genetic polymorphism for hepatic lipoxygenase (LIPC-480
T) (22), smoking, and poor glycemic control (22, 23). A cross sectional study correlated
CAC with coronary artery disease in TIDM in 302 men and women in the Pittsburgh
Epidemiology of Diabetes Complications Study cohort (mean age of 38.1 +/- 7.8 years).
This study concluded that CAC had an 84 and 71% sensitivity for CAD in men and women
respectively and a 100% sensitivity for myocardial infarction and obstructive CAD. It also
reported that a CAC cut point of 400 was the most efficient coronary calcium correlate of
CAD (20).

We did not find an association of the CAC score with mean or time-weighted HbAlc
measures. Some studies have demonstrated a relationship between diabetes control and
atherosclerosis and others have not (21-24). A recent report from the Diabetes Prevention
Program (in persons with T2DM) demonstrated no relationship of CAC or CAC severity
with HbAlc, similar to our current report. (24) CAC sore categories did not have a cross-
sectional association with HbAlc in our study (Table 1). The prior DCCT/EDIC paper
showed significant associations of various measures of HbAlc over DCCT and EDIC with
the prevalence of CAC>0 and of CAC>200 as well as with the log (CAC).

JACC Cardiovasc Imaging. Author manuscript; available in PMC 2020 July 01.
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Results in our study of TIDM are similar to cohorts that included both asymptomatic (25)
and symptomatic persons (26), whereby increasing CAC scores were associated with
increasing risk of MACE, and zero scores were generally associated with low event rates.
The event rates among the cohort for those with zero scores (n=817, 70.7% of the cohort)
were very low at 5 years (2.8%) and at long term follow up (5.6 per 1,000 patient years) for
ASCVD. This represents what has been reported as the ‘power of zero’ and potentially
affords patients and physicians the potential to avoid more aggressive risk reduction
strategies in this very low risk cohort.

Our study showed the lack of gender and CAC interaction, suggesting that type ldiabetes
seemed to blunt the age differential for the development of atherosclerosis in men as
compared to women. The EDIC CVD risk factor analyses (2) also suggested that gender was
not a significant contributor to the final multivariate model when adjusted for other risk
factors.

The ascertainment of statin use started in EDIC year 11 about 3 years after the CAC
measurement. After the year 11 visit, an initial CVD event subsequently occurred in 55
participants, of whom 32 (58%) were using statin at the last EDIC visit prior to the CVD
event. These studies were done prior to more widespread use of statin and ACE inhibitor
therapies. Clearly a randomized trial of statins in persons with TIDM has not been done, but
would be prudent given the increased ASCVD risk associated with higher CAC scores in
this study.

In this group of participants with type | DM, higher coronary artery calcium scores were
associated with CV events, suggesting that this is an important assessment tool to determine
CV risk in participants with type 1 diabetes. Recommendations by the American College of
Cardiology/American Heart Association (27) already recommend “In asymptomatic adults
with diabetes, 40 years of age and older, measurement of CAC is reasonable for
cardiovascular risk assessment.” This was largely based on data from persons with T2 DM
in which studies enrolled T2DM participants age >40 years; the current study also strongly
supports this 1A recommendation in TLDM participants. In addition, the American Diabetes
Association and American Heart Association more recently stated that “it is reasonable to
apply the current guidelines for the use of CAC assessment for TLDM as recommended for
the general population.” (28). Coronary artery calcium, in persons with TLDM can inform
health care providers regarding the management or risk factors for CV disease in patients at
risk.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Perspectives

COMPETENCY IN MEDICAL KNOWLEDGE: Type | DM, although less well studied
in the context of atherosclerosis presence and outcomes, demonstrates similar risk of
future CVD with coronary calcium scores as persons with Type 2 DM. This is critical to
understand the implications for clinicians, given the increased risk seen with higher CAC
scores in these asymptomatic patients.

TRANSLATIONAL OUTLOOK: Prospective clinical trials evaluating CV risk and
targeting specific coronary atherosclerotic treatments in Type | DM are necessary to
delineate the impact of disease modifying therapies on clinical outcomes.
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N=1441

EDIC at Year 8§
N=1196

CT conducted and
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[
CAC&CVD!
N=1156

I—‘—I

|
CAC &MACE?
N=118§7

I_I—I

Any CVD No CVD
N=105(3.1%) N=1051(90.9%)

MACE Mo MACE
N=51(4.3%) MN=1136(95.7%)

! Patients with prior CVD events during DCCT (=49 were eliminated from the analysis.
2 Patients with prior MACE events during DCCT (M=18) were eliminated from the analysis.

Figure 1. Flow chart of the Epidemiology of Diabetes Interventions and Complications (EDIC)
EDIC Participants with available Computed Tomography (CT) evaluations. At the time CT

was performed (EDIC years 7-9), 1205 patients obtained evaluable CT scans. Forty-nine and
18 of the participants were eliminated from the analyses due to the prior CVD and MACE

events, respectively.
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036
032 r

0.28 Log—Rank test p < 0.0001 ——

Cumulative Incidence

Years Since Scanning date

No. at Risk

[} 817 786 730
>0 -100 221 206 185
>100-300 65 54 a7
>300 53 410 32

Figure 2. Cardiovascular Events by coronary artery calcium Score
Cumulative incidence of the first cardiovascular event by coronary artery calcium group

(CAC) scores: 0, >0-100, >100-300, >300 Agatston units. P-value from Log-Rank test was <
0.0001.
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