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ABSTRACT

Aim To compare the extent of coronary artery calcification in patients with and without type 2 diabetes mel-
litus (T2DM) using Coronary Computed Tomography Angiography (CCTA).

Methods This retrospective, observational cohort study included 107 patients who underwent CCTA at the
Clinical Centre of the University of Sarajevo between July and December 2024. The patients were divided
into two groups: those with T2DM (n=51) and those without T2DM (n=56). Laboratory parameters, demo-
graphic data, and calcium scores were analysed. The calcium score was categorised into six groups based on
cardiovascular risk, and the comparison was made using appropriate statistical analysis.

Results Patients with T2DM had significantly higher calcium scores than non-diabetic patients (p=0.0001).
In the T2DM group, 18 (35.3%) patients had a calcium score >400, indicating high cardiovascular risk. Pa-
tients without diabetes were more frequently classified into lower-risk categories (p=0.0001). A significant
correlation was found between calcium score and age (r=0.442; p=0.001) and gender (r=-0.218; p=0.024),
with males having a higher calcium score. A total cholesterol, LDL, and uric acid levels were significantly
higher in diabetic patients (p=0.005, p=0.025, and p=0.03, respectively).

Conclusion This study confirms a strong association between T2DM and increased coronary artery calcifi-
cation. Age and male gender are significant predictors of higher calcium scores. Further research is needed
to explore these relationships, particularly within the Bosnian population.
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INTRODUCTION

The correlation between arterial calcifications and cardio-
vascular disease (CVD) is well-established and has been ac-
knowledged by anatomists and pathologists for generations
(1). Radiological detection of coronary artery calcification in
vivo by fluoroscopy was first described in the late 1950s (2).
Subsequently, the association between the presence of coro-
nary artery calcification and an increased risk of cardiovas-
cular events was also demonstrated (3). Coronary Computed
Tomography Angiography (CCTA) is a non-invasive diagnos-
tic method that employs computed tomography to assess the
existence and severity of coronary artery calcification. It eval-
uates vessel morphology, stenoses, atherosclerotic plaques,
and calcifications. The first scan, without contrast, quantifies
coronary artery calcium (Agatston score) and detects calcified
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plaques. The second scan, with contrast, visualises the vessel
lumen, identifying soft plaques and arterial narrowing, which
is crucial for assessing patency and haemodynamic impact (4).
The overall severity of calcification is considered to be a bet-
ter indicator of the extent of coronary atherosclerosis than the
severity of individual stenoses (5). The absence of coronary
artery calcification, especially in asymptomatic patients, cor-
relates with unremarkable coronary artery stenoses and indi-
cates a low overall cardiovascular risk (6).

Coronary artery calcification is observed in most patients with
myocardial ischaemia, with or without presenting symptoms
(7). Asymptomatic myocardial ischaemia is the most common
manifestation of coronary artery disease (CAD) and accounts
for more than 75% of ischaemic episodes during routine daily
activity. Most silent ischaemic episodes occur during minimal
or no physical exertion (8). However, it is important to note that
although coronary artery calcification is common, especially in
older age and in males, the presence of calcification does not
necessarily indicate the presence of ischaemic heart disease (9).
Until recently, vascular calcification was considered an inevita-
ble part of the ageing process, and the development of coronary
artery calcification was considered a passive process (10). How-
ever, emerging studies have shown that calcification formation
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is an active pathophysiological process not solely attributable to
age, revealing some major underlying mechanisms (11). Sev-
eral conditions such as type 2 diabetes mellitus (T2DM) and
metabolic disturbances have been identified as major predispos-
ing factors. Hyperlipidaemia promotes vascular calcification.
Low-density lipoprotein (LDL) oxidation contributes to the
formation of pro-osteogenic mediators (12), and ectopic bone
formation in atherosclerosis initiates coronary artery calcifica-
tion (13). Oxidative stress, associated with several mediators,
may represent a major link between inflammation and calcifi-
cation. Atherosclerosis and vascular calcification are driven by
a low-intensity inflammatory process, triggered by apolipopro-
teins and oxidised phospholipids within the arterial wall (14).
Persistently high blood glucose levels promote coronary artery
calcification by inducing the production of mediators that shift
the phenotype of vascular smooth muscle cells toward osteo-
blast-like cells, making diabetic patients especially vulnerable.
In some cases, insulin exerts an inhibitory effect, but this influ-
ence is contingent upon the severity of the metabolic disorder
and the degree of insulin resistance (15).

A detailed analysis of the existing studies leads to the conclu-
sion that diabetes causes accelerated coronary artery calcifica-
tion through a variety of pathophysiologic processes. Howev-
er, multiple studies have shown that, while T2DM is associated
with the existence of calcified atherosclerosis, particularly in
the coronary arteries, it does not always correspond with its se-
verity. Further research is required to clarify these connections,
and to the best of our knowledge, no such studies have been
performed in Bosnia and Herzegovina.

This study aims to compare the extent of coronary artery calci-
fication in patients with and without T2DM, using CT coronary
angiography.

PATIENTS AND METHODS

Patients and study design

This retrospective, observational cohort study included 107
patients who underwent CCTA at the Clinic of Radiology,
Clinical Centre of the University of Sarajevo, between 1 July
and 31 December 2024. The patients were divided into two
groups: patients with T2DM and patients without T2DM. The
diagnosis of T2DM was made based on laboratory parame-
ters: elevated blood glucose value (fasting blood glucose >7
mmol/L), glycosylated haemoglobin HbAlc (>6.5%), and a
history of taking diabetes medications (oral antidiabetic drugs,
insulin, or both).

The inclusion criteria were patients aged 18 to 75 years with a
complete medical history. Exclusion criteria were patients <18
or >75 years of age, incomplete and inadequate medical docu-
mentation, active oncological and haematological disease, end-
stage chronic kidney disease, and severe electrolyte imbalance.
The study was approved by the Ethics Committee of the Clin-
ical Centre of the University of Sarajevo.

Methods

Demographic and clinical data were collected through a de-
tailed analysis of patients’ medical records containing physical
examination data, laboratory findings, and CCTA results. Ve-
nous blood samples were taken from each patient, and labora-
tory parameters were monitored: platelet count (PTL), mean

platelet volume (MPV), total cholesterol, LDL, high-density
lipoprotein (HDL), triglycerides, uric acid, serum calcium
(Ca), and C-reactive protein (CRP).

Calcium score values were obtained from CCTA results per-
formed on the Aquilion Prime CT scanner (Canon Medical
Systems Corporation, Tochigi, Japan), using a lobitridol con-
trast agent. The calcium score was calculated using several
parameters. The area of each calcification was measured in
square millimetres and multiplied by the calcium density with-
in the calcification. The individual results for all arterial seg-
ments were then summed to derive the total calcium score (16).
Based on the total calcium score, patients were divided into
six groups: I - Calcium score 0 (no calcifications in the cor-
onary arteries, no risk of CAD); II - Calcium score 1-9 (very
few calcifications, minimal risk for CAD); Group III - Calcium
score 10-99 (mild calcifications, low risk for CAD); IV - Cal-
cium score 100-399 (moderate calcifications, moderate risk for
CAD); V - Calcium score >400 (significant calcifications, high
risk for CAD), and Group VI - Calcium score >1000 (extensive
calcifications, very high risk for CAD).

Statistical analysis

The results were presented in tables and graphically through
the numbers, percentages, arithmetic mean (M) with standard
deviation (SD), median and interquartile range (IQR), and
range of values depending on the type of data. A comparison of
the obtained results was performed using the y2 test, Student’s
t-test, and Mann-Whitney test. Correlation analysis was per-
formed using the non-parametric Spearman’s coefficient. Test
results were considered statistically significant at a confidence
level of 95% (p<0.05).

RESULTS

A total of 107 patients were included in the study, predomi-
nantly females, 75 (70%). The patients were categorised into
two groups: 51 with T2DM and 56 without T2DM. Both di-
abetic and non-diabetic groups consisted mainly of females,
29 (56.8%) and 29 (82.1%), respectively. The mean age in the
non-diabetic group was 62.14+10.04 years, while in the T2DM
group it was 66.04+9.68. Although the patients in the diabetic

Table 1. Representation of patients according to calcium score
categories with percentages within the group

No of patients in the

CACS group according to Group

. Total
calcium score

Without DM2 With DM2

I- CACS 0 (without CAD) 15 (26.8) 4(7.8)  19(17.8%)
gn'hﬁflglsﬁls'l? for CAD) 11 (19.6%) 6(11.8%) 17 (15.9%)
z:;v;g?l(cff)soc-z?)) 18 (32.1%)  4(7.8%) 22 (20.6%)
2;0 di‘;ffrligl?'é?c AD) (12.5%) 19 (37.3%) 26 (24.3%)
Xli'gﬁ‘?gﬁsfoc AD) 4(7.1%)  7(13.7%) 11(10.3%)
VI- CACS>1000 1(1.8%) 11(21.6%) 12 (11.2%)

(very high risk for CAD)
Total 56 (52.3%) 51 (47.7%) 107 (100%)

DM2, type 2 diabetes mellitus; CACS, coronary artery calcium
score; CAD, coronary artery disease; N, number




Table 2. Laboratory findings in both groups
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Variable DM2 (YES/NO) N M IQR Min. Max.
PTL NO 35 230.00 216.00-273.00 144.00 322.00
(Z=-0.604; p=0.546) YES 36 248.00 215.00-289.50 65.00 411.00
’ Total 71 240.00 216.00-289.00 65.00 411.00
MPY NO 35 8.50 7.70-9.00 7.00 11.30
(Z=-1.647; 7=0.100) YES 36 8.75 8.10-9.45 6.10 11.00
Total 71 8.50 7.90-9.20 6.10 1130
c NO 31 4.10 3.70-4.70 2.90 6.29
(zi(ilzi;t;sr?ipo.oo 5 YES 41 5.10 4.41-6.20 2.20 8.60
’ Total 72 4.60 3.80-5.94 2.20 8.60
HDL NO 30 112 0.92-1.48 0.80 2.10
(71 546: p=0.118) YES 34 1.30 1.17-1.58 0.70 3.94
Total 64 126 1.01-1.50 0.70 3.94
LDL ves Mo w1 o0 s
(£72.234:p=0.025) Total 64 2.48 1.98-3.10 0.70 5.50
o NO 31 1.74 1.44-2.21 0.60 3.10
glg_ll)f(c)?il;d::og] 2 YES 39 2.01 1.35-2.50 0.60 4.66
Total 70 1.80 138-2.23 0.60 4.66
Ca NO 30 234 2.27-2.47 2.11 2.72
YES 29 233 2.25-2.43 2.02 2.60
(£7-0.698: p=0.485) Total 59 2.33 2.25-2.43 2.02 2.72
Uric acid NO 32 275.50 245.00-332.50 217.00 464.00
(22173 p=0.030) YES 28 330.00 276.00-356.50 194.00 510.00
Total 60 292.50 252.00-347.00 194.00 510.00
CRP NO 34 3.00 2.00-5.00 0.60 9.10
(Z=-0.058; p=0.954) YES 37 2.90 2.00-4.50 0.50 14.70
Total 71 3.00 2.00-5.00 0.50 14.70

N, number; M, median; IQR, interquartile range; Min., minimum; Max, maximum; Z, Z score; PTL, platelet count; MPV,
mean platelet volume; HDL, high-density lipoprotein; LDL, low-density lipoprotein; Ca, calcium; CRP, C-reactive protein;

DM2, type 2 diabetes mellitus

group were slightly older than those in the non-diabetic group,
this difference was not statistically significant (p=0.052).
Calcium score values in the non-diabetic group had a median
of 15, with an IQR=1-85 (minimum of 0, and a maximum of
3004). The calcium score values in the diabetic group had a
median of 204, IQR=20-586, with a minimum of 0 and a max-
imum of 3748. It was found that patients in the T2DM group
had statistically significantly higher calcium score values com-
pared to the non-diabetic group (p=0.0001)

Patients in groups I, I, and III (with a calcium score of up to
99, which represents patients without cardiovascular risk, with
minimal or low risk) were statistically significantly more rep-
resented in the non-diabetic group than in the diabetic group
(p=0.0001). Patients in groups IV, V, and VI (with calcium
score values over 100, which represents patients with moder-
ate, high, or very high cardiovascular risk) were statistically
significantly more represented in the T2DM group than in the
non-diabetic group (p=0.0001) (Table 1).

Regarding laboratory parameters, our analysis showed that
significantly higher values of total cholesterol, LDL, and uric
acid were measured in the T2DM group (p=0.005, p=0.025,
and p=0.03 respectively). For other laboratory parameters
monitored, no statistically significant difference was found be-
tween the groups (Table 2).

A correlation analysis of the influence of the variables: age,
gender, PTL, MPYV, total cholesterol, HDL, LDL, triglycerides,
Ca, uric acid, and CRP on the calcium score values was per-
formed. The analysis revealed that only the age showed a sta-
tistically significant correlation with the calcium score values
(r=0.442; p=0.001). This was reflected in a moderate correla-

tion with age, with older patients being 44.2% more likely to
have a higher calcium score (Figure 1).
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Figure 1. Correlation analysis of the influence of age on calcium
score values

DISCUSSION

The main findings of our research affirm that calcium score
values were significantly higher in patients with diabetes com-
pared to those without diabetes. Also, the representation of pa-
tients with calcium score values above 100 was significantly
higher in the group of diabetes patients. Furthermore, a statis-
tically significant moderate positive correlation was found be-
tween age and the value of the calcium score, which indicates
a trend of progressive increase in the value of the calcium score
with increasing age of the patients.

In the present research, females were more represented in both
groups (82.1% in the group of patients without T2DM and 56.9
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% in the T2DM group); however, a statistically significant dif-
ference in gender distribution was found only in the group of pa-
tients without T2DM. In a cross-sectional observational study of
a similar design, it was found that females predominated in the
group without T2DM (67.5%), while males were more preva-
lent in the T2DM group (57.5%), which partially aligns with the
findings of our study (17). The Framingham study showed that
males with diabetes had twice the risk of cardiovascular mortal-
ity, while females with diabetes had a staggering four times the
risk, compared to those without diabetes (18).

In this study, patients with diabetes were slightly older than pa-
tients without diabetes. The mean age of patients in the T2DM
group was 66.04+9.68 years, while in the non-diabetic group
it was 62.41+10.04 years, but this difference was not statisti-
cally significant. In a study involving 1123 patients, similar
results were observed, with the average age of participants be-
ing 61.4+9.1 years, which aligns with the findings of this study
(19). Similar findings were observed; the largest number of pa-
tients was in the age group of 50 to 60 years (17).

Calcium score values in this study were significantly higher in
patients with T2DM. The median value in the non-diabetic group
was 15, whereas in the T2DM group it was 204. Similar find-
ings were reported, with median values of 9 and 50, respectively
(20). This might be attributed to chronic high blood sugar lev-
els, causing persistent inflammation and damage to blood vessel
walls, promoting calcium build-up in the arteries (21). In T2DM,
insulin resistance further alters blood vessels, encouraging cal-
cification and leading to a high calcium score that we observed
(22). Reportedly, the proportion of patients without T2DM was
higher in the groups with minimal and low risk for cardiovascu-
lar events, i.e., in patients with calcium scores below 100; how-
ever, with an increase in calcium scores >1000, the proportion of
patients with T2DM also increases significantly (20). Our results
confirm this trend, only 1.8% of patients without T2DM had a
calcium score >1000, while in the T2DM group, it was 21.6%,
making this group highly at risk for unwanted cardiovascular
events. Similar results were observed, with nearly half of the
patients (43%) having calcium scores >400 (23). In our study,
the prevalence of patients with diabetes with calcium score >400
was 35.3%, further confirming the association between diabetes
and elevated calcium scores.

Our results showed significantly higher values of total choles-
terol, LDL, and uric acid in patients with T2DM compared to
patients without T2DM. Diabetic patients, especially when it is
poorly regulated, exhibit insulin resistance that leads to numer-
ous metabolic disturbances, primarily disrupting lipid metab-
olism, resulting in elevated total cholesterol and LDL levels,
key contributors to atherosclerosis and increased cardiovas-
cular risk (24). Uric acid is a notorious proinflammatory sub-
stance leading to impaired renal function, further increasing
cardiovascular risk in T2DM patients (25). Among 576 indi-
viduals, including 192 with a history of T2DM and atheroscle-
rosis, the results showed that patients with T2DM had elevated
triglycerides, total cholesterol, and LDL, as well as decreased
HDL values, compared to those without T2DM, which aligns
with the findings of this study. The authors concluded that dys-
lipidaemia is a strong predictor of cardiovascular morbidity
and mortality in patients with T2DM (26).

Numerous studies have examined the association between serum
uric acid and T2DM, but the results have been conflicting. It was
reported that patients with prediabetes and diabetes had lower
mean serum uric acid values compared to patients without T2DM
(27). On the other hand, a positive correlation between elevated
serum uric acid levels and diabetes was found (28-30). In con-
trast, no significant association between serum uric acid levels
and diabetes was reported (31). These results indicate the need
for further studies on larger patient samples to more precisely
determine the relationship between diabetes and uric acid levels.
In our study, a positive correlation was found between the cal-
cium score and the age of the patients. These findings indicate
that with increasing age, there is a progressive increase in the
calcium score, which can be explained by the progression of
the atherosclerotic process, loss of elasticity, and increased
stiffness of the arteries (32). Similarly, it was shown that the
extent of coronary artery calcification is strongly associated
with age in males and females up to the ninth decade of life,
and that it represents a significant cardiovascular risk factor
(33). Additionally, our findings are in line with the results of
a study in which, besides an addition to confirming the posi-
tive correlation between the calcium score and the age of the
patients, both calcium deposits in the coronary arteries and
patient age can serve as an additional prognostic marker for
a more precise distinction between lower and higher risk of
coronary heart disease in the elderly (34).

Limitations of this study include a relatively small sample,
which may affect the generalisability of the results to the wid-
er population. Also, patients with T2DM were included in the
study, regardless of the therapeutic protocol, which may rep-
resent variability in the results due to possible differences in
metabolic control and therapeutic approach.

In conclusion, this is the first research of this kind conducted
in Bosnia and Herzegovina, which gives it special importance
in the context of understanding the connection between coro-
nary artery calcification and T2DM in the local population. To
further confirm these findings and enable their broader inter-
pretation, further research on larger and more heterogeneous
samples is necessary.
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