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Abstract
Background and aims
Coronary artery calcium (CAC) scoring is a method of measure coronary plaque burden and has been shown as an 
excellent predictor for atherosclerotic cardiovascular disease (ASCVD). Diabetes mellitus (DM) is an established risk 
factor for ASCVD, but a certain portion of patients with DM do not have CAC (score = 0). We conducted a study to 
identify predictors of the CAC score other than DM and to compare distributions of the score between populations 
with and without DM.
Methods
We included participants who were referred to receive CAC scanning at a large imaging center from July 1992 to July 
2020. The distribution of the CAC scores and baseline characteristics were compared between participants with and 
without DM. Univariate logistic regressions followed by multivariate analysis were performed using CAC score > 0 as 
outcome to identify independent factors contributing to the score.
Results
A total of 35,086 participants (mean age 58.9 ± 11.9 years, 63% male, 69% white) were included in the analysis. 
Of them, 11.8% had DM, 56% had hyperlipidemia, 38% had hypertension, and 7% were current smokers. A higher 
proportion of participants in the DM group had CAC score > 0 (82% vs 62%, p <0.01), but a substantial portion (18%) 
of DM patients had no CAC. Distribution of CAC score was also variable among participants with and without DM. 
Multivariate analysis showed that DM, age, male, hyperlipidemia, hypertension, and smoking were all independent 
predictors of CAC, and DM was associated with the second highest odds ratio (2.05, 95% confidence interval 1.87-
2.25) behind male (4.55, 95% confidence interval 4.17-4.76).
Conclusions
While DM was the second strongest predictor of CAC, nearly one fifth of persons with DM had no detectable CAC.  
Among DM patients, there is significant heterogeneity of scores, so an individualized approach to primary prevention 
for these patients is warranted.
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Introduction
Coronary artery calcium (CAC) scoring is a 
method of measuring coronary plaque burden 
using computed tomography (CT), and has 
emerged as an excellent predictor for future 
atherosclerotic cardiovascular disease (ASCVD) 
risk.1 Specifically, CAC score has been found to 
associate with ASCVD events2 and coronary 
heart disease (CHD)2, 3 risk in 10 year follow up. 
Inclusion of CAC score in clinical decision making 
has been previously studied and compared to 
other risk factors.4, 5 Diabetes mellitus (DM) is 
among the established risk factor for ASCVD,6-8 
and risk stratification for primary prevention of 
ASCVD depend highly on the presence or absence 
of DM.6, 9 However, some studies suggest that the 
effect of DM on the development of ASCVD might 
be heterogeneous.10, 11 Furthermore, a certain 
portion of patients with DM who do not have 
evidence of subclinical atherosclerosis (CAC=0) 
was found to be as high as 37%.11 

With the suggested heterogeneity of DM, 
there are likely variabilities among CAC scores in 
patients with and without DM. The way DM can 
vary distributions among patients in different age 
groups and sex has not been previously studied. To 
identify predictors of the CAC score other than DM 
and to compare distributions of the score between 
populations with and without DM, we conducted an 
observational study using a large cohort.

Methods
Patient Selection
We included participants from patients without 
known cardiovascular disease who were referred 
to a medical center for a CAC scan from July 
1992 to July 2020. For participants with multiple 
visits, only the first visits were included. Baseline 
characteristic and risk factor data were collected 
using self-reported surveys, including age, 
sex, race, DM, hyperlipidemia, hypertension, 
and smoking. Candidates who were less than  
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20 years old or had missing data for DM or other risk factors 
were excluded. 

CAC scoring
CAC data was collected using non-contrast, cardiac gated CT 
scans. CAC scores were obtained using the Agatston method.12 
The scores were further divided into groups of no CAC (CAC=0), 
mild CAC (CAC= 1-99), moderate CAC (CAC=100-399), and 
severe CAC (CAC>400). 

Statistical Analysis
All continuous variables are reported in mean and standard 
deviation, and binary and categorical variables are reported in 
count and percentage. Differences in baseline characteristics 
between participants with and without DM were evaluated 
using chi square tests. For comparison, age was further 
stratified into quartiles (< 51 years, 51-59 years, 59-67 years, >  
67 years). We used logistic regression to identify predictors 
for CAC using CAC score > 0 as the outcome. Univariate 
analyses were first performed to evaluate the individual known 
risk factors for ASCVD. A multivariate model which included 
all potential predictors studied was used to further identify 
independent predictors. All analyses were performed using SAS 
for Windows, and all statistical tests were performed at a two 
tailed significance level of 0.05.

Results
A total of 74,644 data points were collected for this study. After 
removing multiple visits by the same subjects and missing 
DM data, 35,086 participants were included in the analysis. 
Participants were further divided in groups with (12%) and 
without (88%) DM. The mean age of the cohort was 58.9 (11.9) 
years, 22,036 (63%) were male, and 24,060 (69%) were white. In 
patients with DM, prevalence of risk factors like hyperlipidemia, 
hypertension, and smoking were all higher. Percentage of 
participants with CAC score > 0 was higher in the DM group 
(82% vs 62%, p <0.01), but a substantial proportion of them 
(18%) had no detectable CAC (score = 0) (Figure 1).

When participants were divided into 8 subgroups by 
sex and age in quartiles, diabetic males had the highest 
percentage of CAC score > 0, followed by non-diabetic males, 
diabetic females, and non-diabetic females across all age 
groups (Figure 2). In further analysis of 4 subgroups by sex 
and DM, percentage of CAC score > 0 decreased with age and 
percentage of CAC score > 400 increased with age. In females, 
percentage of CAC score between 1 and 99 increased with age 
in participants without DM but was similar (between 30% and 
34%) across the age groups in participants with DM (Figure 2). 
The percentage of CAC score between 100 and 399 increased 
with age in both participants with and without DM. In males 
without DM, the percentage of CAC score between 1 and 

Table 1. Baseline characteristics

Total 
(n=35,086)

Diabetes 
(n=4,129)

No Diabetes (n=30,957) p-value

Age (years) 58.9 ± 11.9 62.5 ± 11.2 58.6 ± 11.6 <0.01
Male 22,036 (63) 2,578 (62) 19,556 (63) 0.35
Race

African-American 1,509 (4) 356 (9) 1,153 (4) <0.01
American-Indian 58 (0) 6 (0) 52 (0)
Asian 3,759 (11) 696 (17) 3,063 (10)
Asian-Indian 517 (1) 128 (3) 389 (1)
Hawaiian/Pacific 96 (0) 20 (0) 76 (0)
Hispanic/Latino 3,818 (11) 947 (23) 2,871 (9)
Other 1,269 (4) 186 (5) 1,083 (3)
White 24,060 (69) 1,790 (43) 22,270 (72)

Risk Factors
Diabetes 4,146 (12) 4,146 (100) - 
Hyperlipidemia 19,678 (56) 2,774 (67) 16,904 (55) <0.01
Hypertension 13,225 (38) 2,750 (67) 10,475 (34) <0.01
Current Smoker 2,355 (7) 349 (8) 2,006 (6) <0.01

CAC
CAC=0 12,456 (36) 752 (18) 11,704 (38) <0.01
CAC>0 22,630 (64) 3,377 (82) 19,253 (62)
CAC=1-99 10,975 (31) 1,125 (27) 9,850 (32) <0.01
CAC=100-399 5,454 (16) 774 (19) 4,680 (15)
CAC>400 6,201 (18) 1,478 (36) 4,723 (15)
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99 first increased then decreased with age, with the highest 
percentage in the 51-59 age group. The percentage of the 
same CAC score category decreased constantly with age in 
the DM group. The changing pattern of the percentage of CAC 
between 100 and 399 across age groups was similar between 
male participants with and without DM. 

In univariate analysis, DM, age, hyperlipidemia, 
hypertension, smoking, and male were all associated with 
increased odds ratios (ORs) of having detectable CAC. Race was 
also a significant predictor of CAC > 0. In multivariate analysis, 
DM, age, hyperlipidemia, hypertension, smoking, and male 

appeared to be independent predictors of CAC > 0. DM had the 
second highest OR in both the univariate analysis (2.73; 95% 
confidence interval [95% CI]: 2.51-2.96) and after adjusting for 
other variables in the multivariate analysis (2.11; 95% CI: 1.92-
2.32) (Table 2). Male sex was the strongest risk factor for having 
CAC, with an adjusted OR of 4.46 (4.23-4.71).

Discussion
DM is a known risk factor for cardiovascular disease. Current 
guidelines recommend all patients age 40-75 years to be started 
on a statin regardless of ASCVD risk.6, 9 Implementation of CAC 
score is recommended in patients with intermediate risk of 
ASCVD without DM.9 However, within our cohort we observed 
a variability of distribution of CAC scores among patients with 
DM. Particularly, we saw that 18% of patient with diabetes did 
not have coronary disease. Malik et al.11 saw a larger portion 
of diabetic patients without CAC in the Multi-Ethnic Study of 
Atherosclerosis (MESA) cohort when compared to ours. The 
differences in subclinical atherosclerosis can likely be explained 
by differences in patient population, as we had a primarily 
white population as compared to the multiethnic population 
in the MESA. Besides the differences in prevalence of CAC, 
we observed more patients with mild disease than moderate 
disease (27% vs. 19%), and percentage of patients with severe 
disease was the highest within the DM group. This is in contrast 
with participants without DM, in whom we saw the highest 

Figure 1. Distribution of CAC in patients with and without DM

Figure 2. CAC distribution by age and sex subgroups
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percentage was constituted by those without disease, with 
similar prevalence of moderate and severe disease. Previous 
studies had described the utility of adding CAC as part of risk 
classification in patients with metabolic syndrome and DM,10,11 
and patients with CAC=0 who had DM over 10 years showed 
similar low risk as patients with DM of less than 10 years.11 Our 
study confirms that DM alone may not be sufficient for accurate 
risk stratification for ASCVD, as shown by the highly variable 
distribution of CAC score among patients. 

When the population was stratified by age and sex, we 
found that DM also modified distribution of CAC. Across all 
subgroups, percentage of patients without CAC decreases 
with age and percentage of patients with severe disease 
increases in age. However, we observed great variability of 
distribution within the mild and moderate disease. In females 
without DM, we saw a general trend of increased CAC as 
age increases, with similar prevalence of mild disease in 
the 59-67 and >67 age group. However, in females with DM, 
percentage of patients with mild disease were similar across 
all age groups. Conversely, males without DM did not show 
a general trend between mild disease and age, while males 
with DM showed a decrease in mild disease as age increases. 
The association between CAC and cardiovascular outcomes 
has been studied in different age groups.13-17 Among younger 
adults, CAC is associated with increased risk of cardiovascular 
disease and death.14, 16 In older populations, CAC appears to be 
a better predictor for cardiovascular disease when compared 

to age.13 Our cohort fell largely in an intermediate age group 
with a mean of 58.9 years. Although we saw a general trend 
of increasing prevalence of CAC>0 with increase in age, the 
presence of CAC seems to vary greatly depending on age, 
sex, and presence of DM. We have shown similar distribution 
of atherosclerosis using cardiac CT angiography in young 
persons with diabetes, confirming our observations with CAC 
in this study.18

Differences in CAC score among men and women and its 
correlating mortality have also been previously described.19-21 
Within our cohort we found that females with DM had lower 
prevalence of CAC>0 than males without DM across all age 
groups. This is consistent with the multivariate analysis, in 
which we saw that male was associated with nearly 5-fold risk 
for CAC > 0 while DM was only 2-fold. Female sex is known to 
be protective against ASCVD, and protective effects seems to 
be multifactorial. Factors such as sex hormones and differences 
in calcified plaque in between males and females has been 
described in literature.22, 23 Although DM plays a role in the 
development of ASCVD, observations from our cohort suggest 
that it might not be as critical as compared to other factors 
described above. The role of DM in relation to other factors that 
might contribute to differences in CAC between the two sexes 
should be further studied.

There are several limitations in this study. Although the 
association between CAC and cardiovascular end points has 
been established, this study is observational and did not include 
any cardiovascular end points. Our study did not account for 
the severity of DM using quantitative data such as hemoglobin 
A1C, which might have contributed to the variability of CAC 
distribution. Risk factors were collected based on patient 
survey instead of objective laboratory data. The DM group 
had significantly higher percentage of cardiovascular risk 
factors such as hyperlipidemia, hypertension, and smoking. 
However, we controlled for these variables when performing 
multivariate analysis. 

In conclusion, DM is a disease with great heterogeneity, 
altering the severity of CAC among different sex and age 
groups. An individualized approach should be used when risk 
stratifying patients for primary prevention of ASCVD.

Table 2. Multivariate Analysis of Cardiac Risk Factors and CAC>0

Variable Odds Ratio
(Univariate)

Odds Ratio
(Multivariate)

Diabetes 2.73 (2.51-2.96)b 2.11 (1.92-2.32)b

Age 1.08 (1.08-1.09)b 1.09 (1.09-1.10)b

Hyperlipidemia 1.94 (1.85-2.03)b 1.62 (1.54-1.71)b

Hypertension 2.50 (2.39-2.63)b 1.72 (1.63-1.82)b

Smoking 1.14 (1.05-1.25)a 1.31 (1.18-1.45)b

Race 0.95 (0.93-0.96)b 0.96 (0.94-0.98)b

Male 2.76 (2.64-2.89)b 4.46 (4.23-4.71)b

ap <0.05, bp <0.01
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