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Risk Factor Associated Coronary Artery Calcium Score in Diabetes Patients

Abstract

Background. Diabetes mellitus (DM) is associated with an increased risk of coronary artery disease (CAD)
and vascular calcification, although the mechanism of action remains complex. Coronary artery calcium (CAC)
scoring is non-invasive method to assess subclinical atherosclerosis in this high-risk population.

Aim. To analyze the association between cardiovascular risk factors and CAC scores among diabetic patients.

Materials and Methods. This cross-sectional study included 52 diabetic patients recruited from the Cardiology
Clinic of Wahidin Sudirohusodo General Hospital, Indonesia. Data on demographic characteristics, body mass
index (BMI), blood pressure, dyslipidemia, family history of CAD, and HbA1c levels were collected. CAC scoring
was performed using non-contrast ECG-gated CT, and results were categorized using the Agatston method.
Statistical analyses included Spearman correlation, Mann-Whitney U test, and multivariate regression tests.

Results. The majority of patients were male (65.4 %) and under 60 years (82.7 %). High CAC scores (>400)
were observed in 61.5 % of patients. A significant positive correlation was observed between HbAlc and total
CACscore (r=0.317; p=0.022). In multivariate analysis, HbA1lc remained an independent predictor of elevated
CAC scores (p < 0.05), while hypertension was also significant in partial models. Other factors, including BMI,
dyslipidemia, age, and family history of CAD, were not significantly associated with CAC scores.

Conclusions. Coronary artery calcification is highly prevalent among diabetic patients, including younger and
non-obese individuals. HbA1c and hypertension were key predictors of CAC burden. These findings underscore
the need for optimal glycaemic and blood pressure control, along with consideration of CAC screening for early
cardiovascular risk stratification in diabetic populations.
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Introduction. Diabetes mellitus (DM) is a chronic
metabolic disorder characterized by persistent hyper-
glycemia due to impairments in insulin secretion, insu-
lin action, or both [1]. Hemoglobin Alc (HbAlc) is a key
biomarker for assessing long-term glycemic control and
is widely used for the diagnosis and management of dia-
betes [2]. Among the most serious complications of DM
is atherosclerosis, which involves the buildup of plaques
within the arterial walls and significantly increases the
risk of Coronary Artery Disease (CAD) [3].

The standard diagnostic tool for detecting athero-
sclerosis is angiography, which provides direct visualiza-
tion of arterial narrowing or obstruction [4]. In addition,
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non-invasive imaging methods such as Coronary Artery
Calcium (CAC) scoring using computed tomography (CT)
have become valuable in evaluating CAD risk. CAC scor-
ing quantifies calcified plaque in the coronary arteries,
offering an estimate of subclinical atherosclerosis sever-
ity [5]. Several studies have demonstrated a strong link
between elevated HbA1c levels and increased CAD risk,
as poor glycemic control contributes to vascular damage
through inflammatory processes, oxidative stress, and
endothelial dysfunction [6,7].

Furthermore, risk factors such as age, gender, body
mass index (BMI), hypertension, smoking, dyslipidemia,
family history of heart disease, and kidney dysfunction
are also known to interact and amplify the risk of CAD
in individuals with diabetes [8]. While CAC scoring pro-
vides an effective method for assessing calcified plaque
burden, it does not directly visualize arterial narrowing.
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In contrast, CT angiography (CTA) offers detailed three-
dimensional imaging of coronary artery structure and
stenosis using contrast media [9], while coronary angi-
ography (CAG) remains the invasive gold standard for
directly detecting vascular blockages [10].

The use of CAC scoring as an early risk stratification
tool offers significant prognostic value, particularly for
diabetic patients, by identifying those at higher risk of
developing CAD before clinical symptoms emerge [11].
Understanding the factors related to CAC scores in this
population is crucial for refining risk assessment and
developing targeted interventions. Therefore, this study
aims to analyse the determinants of calcium score values
in patients with diabetes mellitus at risk of CAD, with the
goal of improving cardiovascular disease prevention and
management strategies in this vulnerable group.

Materials and Methods

Study design and participants. This study was an
observational analytic study with a cross-sectional de-
sign. The research was conducted 1 year from January
2024 to January 2025 at RSUP Wahidin Sudirohusodo.
A structured questionnaire was utilized to gather socio-
demographic information from the study participants.
The factors analyzed were gender, age, blood pressure,
HbA1c value, BMI (body mass index), history of dyslipi-
demia, and family history of CAD. Anthropometric meas-
urements - including height (in centimeters), weight (in
kilograms), and body mass index (BMI) were obtained
using standardized procedures and calibrated instru-
ments. BMI was calculated by dividing body weight in kil-
ograms by the square of height in meters (kg/m?). HbAlc
levels were measured using a standardized method by
the National Glycohaemoglobin Standarization Program
(NGSP) and the Diabetes Control and Complications Trial
assay (DCCT).

Calcium Scoring Protocol Coronary artery calcium
quantification was conducted using non-contrast ECG-
gated computed tomography (CT) scans. The Agatston
Score was used to classify the severity of calcified plaque
as follows: Score 0: No plaque detected, Score: 1-10,
Minimal plaque Score:11-100, Mild plaque Score: 101-
400, Moderate plaque, Score >400. Extensive plaque bur-
den. Patients with a calcium score exceeding 400 were
considered at high risk and referred for further coronary
angiography, where clinically indicated.

Sample and Eligibility Criteria. Samples were col-
lected using consecutive sampling. Eligible subjects who
met the inclusion criteria and visited the Cardiology Clin-
ic at the Integrated Heart Center during the study period
were consecutively recruited until the required sample
size was achieved. Subjects who met the exclusion crite-
ria were excluded from participation.

The inclusion criteria were all patients diagnosed
with diabetes mellitus aged over 18 years attending the
Cardiology Clinic at the Integrated Heart Center, Wahidin
Sudirohusodo General Hospital, Makassar. Patients with
a history of specific kidney diseases or chronic kidney
disease, heart diseases other than coronary artery dis-

ease (such as valvular heart disease and congenital heart
disease), and those with severe complications, including
severe infections and organ failure -were excluded.

Ethical consideration. Ethical approval was ob-
tained from the Health Research Ethics Committee of
Hasanuddin University, Makassar, Indonesia, with the
approval code/reference number [282/UN4.6.4.5.31/
PP36/2025]. Informed consent was obtained from all
participants (or their legal guardians if applicable) after
a thorough explanation of the study objectives, proce-
dures, risks, and benefits. Confidentiality and anonymity
of the participants were ensured throughout the study,
and data were used solely for research purposes.

Statistical analysis. Data were analyzed using SPSS
for Windows, version 26.0. Statistical analysis includ-
ed the Spearman correlation test, Chi-square test, and
Mann-Whitney test, p-value <0.05 was considered statis-
tically significant, indicating an association between the
studied factors and calcium score values in diabetic pa-
tients. The results were presented in narrative form and
supported by tables and figures.

Results. A total of 52 patients who met the inclusion
criteria were initially enrolled in this study to assess the
role of risk factors for increasing the Calcium Score in
Diabetes patients. Baseline characteristics of the study
population, including age, gender, BMI, blood pressure
status, dyslipidemia, and CAC score categories, are sum-
marized in table 1. The majority were men (65.4 %),
while women accounted for 34.6 %. Most subjects were
younger than 60 years (82.7 %), with only 17.3 % aged
60 years or older. In terms of body mass index (BMI),
28.8 % were classified as obese, while the remaining
71.2 % were non-obese. Hypertension was present in
54.5 % of the patients, and dyslipidemia was reported in
61.5 %, indicating a high burden of cardiovascular risk
factors. A family history of coronary artery disease (CAD)
was noted in 25 % of participants. Regarding coronary
artery calcium (CAC) scores, the majority of patients fell
into the high-risk category (61.5 %), followed by 36.5 %
with mild risk, 1.9 % with low risk, and no patients with
a score indicating no risk.

Table 2 summarizes the mean calcium scores in rela-
tion to gender, age, blood pressure status, history of dys-
lipidemia, and family history of coronary artery disease
(CAD). Participants younger than 60 years exhibited a
slightly higher mean score (443.30) compared to those
aged 60 years and above (426.22); however, but this was
not statistically significant (p = 0.748). Subjects with hy-
pertension demonstrated a significantly higher mean cal-
cium score (483.99) relative to those without hyperten-
sion (393.20) (p = 0.020). Although participants with a
history of dyslipidemia had a higher mean score (461.19)
than those without (406.99), this difference did not
reach statistical significance (p = 0.185). Regarding body
mass index (BMI), obese individuals had a lower mean
calcium score (407.60) compared to non-obese subjects
(453.62), though this difference was not significant. Pa-
tients with a family history of CAD showed a higher mean
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Table 1
Characteristics of study population

Table 2

Risk Factor Profiles Associated With Coronary Artery
Calcium score in Diabetes Mellitus

Variables Categorical n % *Independent T-Test
Gender Woman 18 34.6
ende Man 34 65.4 Variables Calciumscore n  Mean SD p
Age <60 years 43 82.7 Conder Man 3444085 12753 .,
260 years 9 17.3 Woman 18 44007 151.96
IMT NO(;‘bObese i’; ;éé rce <60years 43 44330 14370 ..
ese. : 9 >60years 9 42622 14539
Blood pressure Hypertension 30 54.5 Hypertension 27 48399 152.47
Non Hypertension 25 45.5 Blood N 0.020*
Yes 32 61.5 pressure H o 25 39320 116.74
Dyslipidemia No 20 3¢ ypertension
: o Yes 32 46119 141.26 .
Yes 13 25 Dyslipidemia N 20 406.99 0.185
CAD family history No 39 75 0 99 14213
: . Obese 15 40760 6589 . .
No risk 0 0 Non Obese 37 45362 162.88
) Low 1 1.9
Calcium score Mild 19 36,5 CAD Family Yes 13 482.54 109.54 017"
High 32 61.5 History No 39 42613 15070

score (482.54) compared to those without such a history
(426.13), but not statistical significance (p = 0.217).

The results of the correlation between HbAlc level
and calcium score (Figure 1). Spearman’s correlation
analysis revealed a statistically significant positive rela-
tionship between Total Calcium score and HbA1lc levels
(r =0.317; p = 0.022). This indicates that higher HbAlc
values are associated with higher coronary artery cal-
cium scores, although the strength of this correlation is
relatively weak.

Discussion. This study was conducted among diabet-
ic patients, of whom 65.4 % were male and 82.7 % were
under 60 years of age, indicating that cardiovascular risk
in diabetes is substantial even among younger adults.

This is consistent with data from the American Diabetes
Association, which reports higher macrovascular compli-
cations in men and early atherosclerosis onset in younger
diabetics due to prolonged hyperglycemia exposure [12].
Similar findings were reported by Santos-Gallego et al,,
demonstrating early coronary calcification in young dia-
betic population [13].

Despite a predominance of non-obese individuals
(71.2 %), high coronary artery calcium (CAC) scores
were frequent, supporting the concept of metabolically
obese normal weight (MONW) individuals, as described
in previous studies [14,15]. Hypertension was observed
in 54.5 % of subjects, reinforcing its role as a major con-
tributor to vascular calcification. Whelton et al. previ-

Calsium Score dan HbAlc
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Figure 1. Correlation between HbA1C level and Calcium score (r=0.317; p = 0.022)
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ously demonstrated a twofold increase in coronary risk
among diabetics with hypertension [16]. Dyslipidemia
was also prevalent (61.5 %), consistent with previous
studies that underscored its central role in plaque forma-
tion and calcification [13]. Notably, despite only 25 % of
participants reporting a family history of coronary artery
disease (CAD), elevated CAC scores were widespread,
emphasizing the predominant role of modifiable risk fac-
tors over genetics [16].

Our study showed a significant positive correlation
between HbAlc and CAC score (r = 0.317, p = 0.022),
supporting previous studies linking glycaemic control to
vascular calcification. This correlation, although weak,
indicates that higher HbAlc levels - as an indicator of
long-term glycaemic control - are associated with higher
coronary calcium scores, which reflect the degree of cal-
cification or subclinical atherosclerosis in the coronary
arteries. These findings confirm that poor glycaemic con-
trol in diabetic patients may be a key factor in accelerat-
ing the process of vascular calcification, which marks the
early stages of coronary heart disease.

Physiologically, high and prolonged blood glucose lev-
els cause oxidative stress, activation of inflammatory path-
ways, and endothelial dysfunction, all of which contribute
to the formation of atherosclerotic plaque and arterial cal-
cification. Hyperglycemia also increases the production of
advanced glycation end products (AGEs), which enhance
calcium deposition on the blood vessel wall. Guyton and
Hall (2021) explained that AGEs and chronic inflammato-
ry reactions accelerate vascular damage typical of diabetic
patients. Therefore, HbAlc as a chronic glycemic marker
has predictive value for the progression of atherosclerosis.
Zhang et al. [17] demonstrated accelerated CAC progres-
sion in patients with HbA1c 28 %, while the last study con-
firmed HbA1c as an independent predictor of CAC, even
after adjusting for other risk factors [18,19]. The modest
correlation observed in this study may reflect the multifac-
torial nature of calcification [20].

Multivariate analysis revealed hypertension and
HbAlc as the strongest predictors of CAC score, while
dyslipidaemia, BMI, age, and family history were not
significant. These findings align with those of Saeed
et al. and Al-Mallah et al., who reported that metabolic
and haemodynamic factors, rather than traditional risk
markers, primarily drive calcification in diabetic popula-
tions [19,16]. Although a statistically significant positive
correlation was observed between HbA1lc and total CAC
score (r = 0.317; p = 0.022), the strength of this associa-
tion was weak to moderate. This finding underscores that
while poor glycaemic control contributes meaningfully to
coronary calcification, diabetes alone is not the sole de-
terminant. Other metabolic and haemodynamic factors
likely interact to influence the development and progres-
sion of subclinical atherosclerosis in this population.

Strengths and Limitations. The strengths of this
study include the comprehensive assessment of multiple

cardiovascular risk factors and their relationship with
coronary artery calcium (CAC) scores in a real-world
diabetic population. The inclusion of both inpatient and
outpatient subjects provides a broader perspective on
disease burden. Additionally, the use of CAC scoring, an
established and validated predictor of cardiovascular
events, strengthens the clinical relevance of the findings.
The analysis also incorporated multivariate models to
adjust for potential confounders, enhancing the robust-
ness of the associations observed between hypertension,
HbA1c, and CAC scores.

However, several limitations should be acknowl-
edged. First, the cross-sectional design precludes causal
inferences and limits the ability to assess progression
over time. Second, the sample size was relatively mod-
est, which may have reduced the statistical power to de-
tect associations with variables such as dyslipidemia and
BMI. Third, data on medication use, including statins and
antihypertensive agents, were not fully controlled, which
could have influenced CAC scores. Additionally, factors
such as diabetes duration, physical activity, and dietary
patterns were not included, which may confound the re-
lationship between metabolic factors and vascular calci-
fication. Lastly, the study population was derived from a
single center, which may limit generalizability to other
populations.

Conclusions. This study found that HbAlc is an in-
dependent predictor of coronary artery calcium (CAC)
score in diabetic patients, with hypertension also exert-
ing a significant influence. Although the correlation be-
tween HbAlc and CAC was statistically significant, its
weak-to-moderate strength suggests that diabetes is a
key, but not exclusive, contributor to coronary calcifica-
tion. These findings underscore the multifactorial nature
of atherosclerosis and highlight the importance of com-
prehensive cardiovascular risk assessment beyond gly-
caemic control alone.
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MakTopu puUsuKy, NOBA3aHI 3 NOKa3HMKOM KOPOHAPHOr0 KaJbLLil0 Yy XBOPUX Ha Aiaber
Piddariani Apcant, Xania Canex?, Makmyn AmMan?, AnbiaH 3aiHyaain?

! Kadenpa BHYTPilHBOI MeanUMHM, Meanunmii hakynsTeT, YHiBepeuTteT XacaHyaaina, Makkacap, IHaoHesia

2 Kacenpa rpoMachbkoro 340poBs Ta CiMEMHOT MeamumHmu, MeanyHuii dakynbTeT, YHiBepcuTeT Xacanyaaina, Makkacap, [HaoHesis

Pesrome

Beryn. lykposuii gia6et (LI/]) nos’ss3aHui i3 3HAYHUM MiJIBULIEHHSM PU3UKY PO3BHUTKY KOPOHApPHOI XBOPO-
6u cepusa (KXC) yepes mMexaHi3sMu cyauHHOI Kanbuudikauii Ta arepocksieposy. OLiHKa Kajblilo B KOpPOHAPHUX
aprepisax (CAC) € HafiHUM, HeiHBa3UBHUM MeTO/IOM /Il PAHHBOTO BUSABJIEHHS CYOKJ/IIHIYHOTO aTepocK/Iepo3y y
NaLieHTIB 3 MiABUIIEHUM CepLeBO-CYAUHHUM PU3UKOM.
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Mera. [IpoaHanisyBaTu B3aEMO3B’'s130K MiXK paKkTOpaMU ceplieBO-CyJUHHOI'0 PU3UKY Ta nokasHukamu CAC y
MalieHTIB i3 fiabeToM.

Marepiasim Ta MeToAu. [lonepeyHe JOC/TiIKeHHS BKJIOYaJ0 52 J0pPOC/AMX NALiEHTH 3 AiabeToM, fKi mpo-
xonuan ob6crexxeHHs1 B Kapgiosoriuniit kuinini 3aranbHoi sikapHi Baxizin Cyaipoxycosmo, IHgoHesis. 36upa-
JIUCh JaHi mpo JeMmorpadiuyHi XapaKTepUCTHKH, iHAekc Macu Tina (IMT), mokasHMKHM apTepiaJibHOrO THCKY,
HasiBHiCTb Auciinigemii, cimeiinuii anamHes KXC, a Takox pieenb HbAlc. OniHka Kasibliito IPOBO/iUIaCh METO/IOM
6e3koHTpacTHOi, EKI-cuuxpoHizoBaHoi koMm'toTepHoi ToMorpadil 3 moAasnbiiow KjaacupikKaliew 3a IKaJok
ArarcTtoHa. [l cTaTUCTUYHOIO aHaJli3y 3acTOCOBYBaJIM KOpeaAaLiiHuU TecT CnipMeHa, HemapaMeTPUYHUU TecT
MaHHa-YiTHi Ta 6araToBUMipHUN perpeciiHui aHasis.

PesysbraTu. BinbwicTe nanieHTiB 6ysn yosoBikaMu (65,4 %) i Mosiogmumu 3a 60 pokis (82,7 %). Bucoxki no-
ka3Huku CAC (>400) cnoctepiranuck y 61,5 % nauieHTiB. Bysio BUABJIEHO 3HAYYIUHA MTO3UTUBHUN KOpeAiHHUM
3B’s130K Mix piBHeM HbA1c Ta 3aranbHum CAC (r = 0,317; p = 0,022). Y 6aratoBumipHoMy aHanisi HbAlc 3anummas-
csl He3aJIeXKHUM NpeJuKTopoM niaBuuieHux 3HadeHb CAC (p <0,05), npu LboMy rinepToHist Takox 6yJ1a 3HAYYLO00
Yy 4aCTKOBUX MoJieJisax. [HIi pakTopy, 30kpeMa IMT, guciinigemis, Bik i cimelinuit anamues KXC, craTUCTUYHO 3HA-
yyuioro 38’s13Ky 3 CAC He MaJIu.

BucHoBkH. Kanblnudikalis KopoHapHUX apTepill 4acTo 3yCcTpidaeTbCA cepe/i NALi€HTIB i3 AiabeToM, BKJIIOYa-
1049M MOJIOAUX i He oxxkupinnx oci6. HbAlc i rinepToHis € K/II090BUMH NpeJUKTOpaMu KaublHudikaliiHOro HaBaH-
TakeHHs. Lli pe3ysbTaTH NiAKPeCII0I0Th HEOOXIAHICTh ONTHMa/TIBHOTO KOHTPOJIIO IiKeMii Ta apTepiajJbHOTO TH-
CKy, @ TaK0X BpaxyBaHHs cKpuHiHry CAC fiyig paHHboi cTpaThdikauii ceplieBo-CyIMHHOTO PU3UKY Y AiabeTHYHUX
Mali€eHTIB.

Kamwouoei cnosa: yykposuti diabem, kopoHapHa xeopoba cepys, kaavyiesuti 6a., cinepmoHisi, HbAlc.
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