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Abstract: Several inflammatory biomarkers were found to be associated with an increased risk of
cardiovascular disease. Neutrophil-to-lymphocyte ratio (NLR) is a marker of subclinical inflammation
that increases with the stress response. Visceral adiposity index (VAI) calculated as a combination of
anthropometric and metabolic parameters reflects both the extent and function of visceral adipose
tissue. Given the association of subclinical inflammation with both obesity and cardiovascular
diseases, it is plausible that the inflammation–CVD association is modulated by the amount and
function of adipose tissue. Thus, our aim was to examine the association between NLR and coronary
artery calcium score (CACS), an intermediate marker of coronary artery disease in asymptomatic
patients across VAI tertiles. Methods: Data from 280 asymptomatic participants of a cardiovascular
screening program were analysed. In addition to the collection of lifestyle and medical history, a non-
contrast cardiac CT scan and laboratory tests were performed on all participants. Multivariate logistic
regression was conducted with CACS > 100 as the outcome and with conventional cardiovascular
risk factors and NLR, VAI, and NLR by VAI tertile as predictors. Results: We found an interaction
between VAI tertiles and NLR; NLR values were similar in the lower VAI tertiles, while they were
higher in the CACS > 100 in the 3rd VAI tertile (CACS ≤ 100: 1.94 ± 0.58 vs. CACS > 100: 2.48 ± 1.1,
p = 0.008). According to multivariable logistic regression, the interaction between NLR and VAI
tertiles remained: NLR was associated with CACS > 100 in the 3rd VAI tertile (OR = 1.67, 95% CI
1.06–2.62, p = 0.03) but not in the lower tertiles even after adjustment for age, sex, smoking, history of
hypertension, hyperlipidaemia, and diabetes mellitus, as well as high-sensitivity C-reactive protein.
Our findings draw attention to the independent association between subclinical, chronic, systemic
inflammation and subclinical coronary disease in obesity.

Keywords: neutrophil granulocytes; inflammation; coronary artery calcification; atherosclerosis;
neutrophil-to-lymphocyte ratio

1. Introduction

Cardiovascular disease (CVD) is one of the main causes of death, accounting for over
4 million deaths per year in the European Union [1]. Atherosclerosis is a multifactorial,
systemic process leading to clinical manifestations of CVD. Atherosclerotic plaques in the
coronary arteries and their calcification are hallmarks of atherogenesis and the basis of the
development of coronary artery disease (CAD). Low-dose non-contrast cardiac computed
tomography (CT) is a commonly used method for quantifying the extent of coronary
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calcification. It provides the coronary artery calcium score (CACS), a reliable surrogate of
atherosclerosis. CACS above 100 is an accepted marker of moderate to high CAD risk [2,3].

Visceral adiposity index (VAI) is a marker of dysfunctional visceral adipose tissue that
combines both anthropometric and functional parameters. It is calculated from body mass
index and waist circumference, as well as triglyceride (TG) and high-density lipoprotein
cholesterol (HDL-C) levels [4]. It shows an association with cardiovascular events [5–7].
Previously we reported that VAI tertiles were associated with calcium score, and the highest
VAI tertile was an independent predictor for the presence of CACS > 100 in males [8].

Chronic inflammation may be characterized by the accumulation of leukocytes in the
affected tissue. Although neutrophils are considered key players in acute inflammation,
more and more data show that they also have a role in the maintenance of chronic inflam-
mation. Continuously recruited neutrophils release inflammatory mediators (such as serine
proteases and neutrophil extracellular traps) and also participate in the cooperation be-
tween immune cells. Quantitative and functional changes of immune cells have prognostic
value in chronic inflammation. For instance, an increased number of neutrophils [9] and
also a decreased number of lymphocytes are related to mortality in heart failure [10] and
other cardiovascular diseases [11].

The neutrophil-to-lymphocyte ratio (NLR), which is the number of neutrophils di-
vided by the number of lymphocytes, is a sensitive marker of inflammation that increases
in response to stress. Similarly to other markers of subclinical inflammation, several studies
indicate a relationship between NLR and central obesity [12,13]. Furthermore, systematic
reviews, meta-analyses, and various recent studies support that neutrophil-to-lymphocyte
ratio is associated with incident cardiovascular disorders, including CAD, acute coro-
nary syndrome, and stroke, and that NLR has prognostic impacts on mortality, recurrent
cardiovascular events, and even acute limb ischemia [14–20].

Different cut-off values may be applied according to the clinical condition and popula-
tion, as has been observed in various studies [21,22].

Given the association of subclinical inflammation with both obesity and cardiovascular
disease, it is plausible that the inflammation–CVD association is modulated by the amount
and the function of adipose tissue. Thus, we aimed to examine the association between
NLR and CACS in asymptomatic patients across VAI tertiles.

2. Results

From the 2420 participants of the Budakalász Study, 508 persons volunteered for
low-dose CT scan. Participants (n, %) with previous cardiovascular events or diseases such
as chronic heart failure (46, 9.1%), angina pectoris (93, 18.3%), myocardial infarction (24,
4.7%), PCI (32, 6.4%), CABG (5, 1.0%), cardiomyopathy (4, 0.8%), stroke (23, 4.5%), PAD (38,
7.5%), or arrhythmia (53, 10.5%) and participants taking oral corticosteroids (ATC codes
H02*, 2, 0.4%) or other immunomodulatory medications (ATC codes L04* and M01*, 5,
1%), and those with signs of a manifest inflammatory condition (CRP > 30 mg/L, 2, 0.4%),
were excluded from further analysis, leaving 280 participants for the final analytical sample
(Figure 1). As none of the participants came to their appointment with recent or acute
infection, and none of them reported a haematological disease, these were not considered
as specific exclusion criteria.

2.1. Baseline Characteristics by Dichotomized CACS

As expected, participants with higher CACS were older (mean age 57.4 (10.6) vs. 67
(7.6), p < 0.001), and more likely to be male (38.3% vs. 57%, p = 0.005). In addition, hyper-
tension (42.8% vs. 81.0%, p < 0.001) and diabetes mellitus (5.5% vs. 27.8%, p < 0.001) were
more frequent; and mean BMI (27.6 (4.8) vs. 29.2 (5.29), p = 0.02), NLR (1.88 (0.71) vs. 2.19
(0.88, p = 0.008) and HbA1c (5.75 (0.55) vs. 6.17 (1.1), p < 0.01) were significantly higher in
those with a higher CACS (Table 1).



Int. J. Mol. Sci. 2023, 24, 7397 3 of 11

Figure 1. Study flowchart.

Table 1. Demographic data and risk factors in the study population divided into groups with coronary
artery calcium score above and below 100.

Demographics and Risk
Factors (n (%)/Mean (SD)) CACS ≤ 100 (201) CACS > 100 (79) p

BMI, mean (SD) 27.6 (4.8) 29.2 (5.29) 0.02
hsCRP, mean (SD) 2.63 (3.05) 2.89 (3.68) NS
HbA1c, mean (SD) 5.75 (0.55) 6.17 (1.1) 0.01
age, mean (SD) 57.4 (10.6) 67 (7.6) <0.001
NLR, mean (SD) 1.88 (0.71) 2.19 (0.88) 0.008
smoking, n (%) 24 (11.9) 10 (12.7) NS
HT, n (%) 86 (42.8) 64 (81.0) <0.001
HLP, n % 74 (36.8) 38 (48.1) NS
DM, n % 11 (5.5) 22 (27.8) <0.001
Sex, n % 77 (38.3) 45 (57.0) 0.005

BMI—body mass index, CACS—coronary artery calcium score, DM—diabetes mellitus, HbA1c—haemoglobin
A1C, hsCRP—high-sensitivity C-reactive protein, HLP—hyperlipidaemia, HT—hypertension, NLR—neutrophil-
to-lymphocyte ratio, NS—nonsignificant, SD—standard deviation (p stands for chi square test and t-test according
to the type of variables).

2.2. Baseline Characteristics by VAI Tertiles

The cut-off values for the sex-specific VAI tertiles were 1.367 and 1.438 for males and
1.942 and 2.048 for females.

The mean age was 60.3 (10.7) years. Proportion of males was 43.6%. Mean VAI
values were 1.72 (0.3), 1.87 (0.3) and 1.9 (0.35) in the three groups, respectively. Frequency
of hypertension and hyperlipidaemia, and the proportion of the sexes, did not differ
significantly between the groups; mean BMI and high-sensitive C-reactive protein (hsCRP)
levels were also similar in the VAI tertile groups (Table 2).

There was a significant difference between the groups regarding age: it gradually
increased across the groups (means 56.8 (11.0), 61.6 (10.5) and 62.1 (10.1), respectively,
p < 0.001).



Int. J. Mol. Sci. 2023, 24, 7397 4 of 11

Table 2. Demographic data and vascular risk factors in the study population overall and by
VAI tertiles.

Demographics and Risk
Factors (n (%)/Mean (SD) Total Population VAI 1st Tertile VAI 2nd Tertile VAI 3rd Tertile p

n (%) 280 (100) 93 94 93 NS
Male, n (%) 122 (43.6) 41 (42.7) 42 (43.3) 41 (42.7) NS
VAI mean (SD) 1.73 (0.32) 1.72 (0.3) 1.87 (0.3) 1.9 (0.35) <0.001
HLP, n (%) 112 (40.8) 33 (35.5) 39 (41.5) 40 (43.0) NS
HT, n (%) 150 (53.6) 41 (44.1) 54 (57.4) 55 (59.1) NS
DM, n (%) 33 (11.8) 6 (6.5) 7 (7.4) 20 (21.5) 0.002
Smoking, n (%) 34 (12.1) 17 (18.3) 7 (7.4) 10 (10.8) NS
Age, years, mean (SD) 60.3 (10.7) 56.8 (11.0) 61.6 (10.5) 62.1 (10.1) 0.001
BMI, (kg/m2), mean (SD) 28.1 (5.0) 27.5 (5.3) 29.0 (4.3) 27.7 (5.2) NS
NLR, mean (SD) 1.97 (0.77) 1.88 (0.66) 1.9 (0.71) 2.14 (0.91) 0.042
HbA1c, %, mean (SD) 5.87 (0.78) 5.72 (0.58) 5.84 (0.65) 6.04 (1.01) 0.02
hsCRP, mmol/L, mean (SD) 2.71 (3.24) 2.43 (3.26) 2.65 (2.8) 3.05 (3.6) NS
CACS > 100, n (%) 79 (28.2) 17 (18.3) 26 (27.7) 36 (38.7) 0.008
CACS, mean (SD) 174 (448) 98.5 (221) 188.1 (469) 236 (572) NS

BMI—body mass index, CACS—coronary artery calcium score, DM—diabetes mellitus, HbA1c—haemoglobin
A1C, hsCRP—high-sensitivity C-reactive protein, HLP—hyperlipidaemia, HT—hypertension, NLR—neutrophil-
to-lymphocyte ratio, NS—nonsignificant, SD—standard deviation, VAI—visceral adiposity index, (p stands for
chi square test and ANOVA test according to the type of variables).

The prevalence of diabetes mellitus was significantly higher in the 3rd tertile group
than in the other tertiles (21.5% vs. 7.4% and 6.5%, p = 0.002). HbA1c% level gradually
increased across the groups (means 5.72 (0.58), 5.84 (0.65) and 6.04 (1.01), respectively,
p = 0.02). Proportion of smokers was highest in the 1st tertile and lowest in the 2nd tertile
(ratio of smokers: 18.3%, 7.4%, 10.8%, respectively, p = 0.067).

The ratio of those who had a coronary artery calcium score above 100 increased signif-
icantly through the VAI tertile groups (18.3%, 27.7% and 38.7%, respectively, p = 0.008).

2.3. Association of Neutrophil-to-Lymphocyte Ratio and Coronary Calcium Score across
VAI Tertiles

While there was no significant difference in NLR values between the CACS groups
in the lower 2 VAI tertiles, NLR was significantly lower in the low-risk CACS (≤100)
compared to the moderate to high-risk CACS ( >100) group in the 3rd VAI tertile (p = 0.008)
(Table 3).

Table 3. Comparing neutrophil-to-lymphocyte ratio in patients with coronary artery calcium score
above and below 100 in the VAI tertile groups.

NLR-Mean Low Risk (CACS ≤ 100) Moderate to High Risk
(CACS > 100) p

VAI 1st tertile 1.86 (0.67) 1.94 (0.59) NS
VAI 2nd tertile 1.89 (0.73) 1.94 (0.66) NS
VAI 3rd tertile 1.89 (0.74) 2.48 (1.1) 0.008

CACS—coronary artery calcium score, NLR—neutrophil-to-lymphocyte ratio, NS—nonsignificant, VAI—visceral
adiposity index, p values stand for t-tests.

2.4. Independent Determinants of Increased Coronary Artery Calcium Score

We performed multiple logistic regression analysis adjusted for age and sex (model
1); model 1 plus NLR and VAI interaction by VAI tertile (model 2); model 2 plus BMI and
smoking (model 3); model 3 plus cardiometabolic diseases (hyperlipidaemia, hypertension,
diabetes mellitus—model 4); and finally model 4 plus HbA1c and CRP (model 5) as
covariates (Table 4).
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Table 4. Predictors of increased CACS—nested models.

Model 1 Model 2 Model 3 Model 4 Model 5

OR 95% CI p OR 95% CI p OR 95% CI p OR 95% CI p OR 95% CI p

Male 2.70 1.48–4.93 0.00 2.61 1.4–4.85 0.00 2.42 1.29–4.53 0.01 2.08 1.06–4.07 0.03 2.05 1.03–4.08 0.04
Age 1.13 1.08–5.03 <0.001 1.12 1.08–1.16 <0.001 1.13 1.08–1.17 <0.001 1.11 1.06–1.17 <0.001 1.11 1.06–1.16 <0.001
VAI tertile 1 by NLR 0.99 0.60–1.59 NS 1.06 0.65–1.72 0.03 1.09 0.67–1.72 NS 1.16 0.7–1.92 NS
VAI tertile 2 by NLR 1.09 0.687–1.75 NS 1.13 0.71–1.82 NS 1.13 0.69–1.86 NS 1.21 0.73–1.99 NS
VAI tertile 3 by NLR 1.45 0.97–2.18 0.07 1.56 1.02–2.4 0.04 1.52 1–2.34 0.05 1.67 1.06–2.62 0.03
Current smoking 2.18 0.82–5.7 NS 3.20 1.2–10.45 0.02 3.97 1.34–11.7 0.02
BMI (kg/m2) 1.08 1–1.15 0.02 1.04 0.97–1.1 NS 1.05 0.97–1.14 NS
HLP 1.62 0.83–3.15 NS 1.50 0.79–3.3 NS
HT 3.14 1.4–6.87 0.01 3.14 1.43–6.91 <0.01
DM 2.25 0.85–5.95 NS 1.69 1.73–4.93 NS
HbA1c (%) 1.28 0.81–2.04 NS
hsCRP (mg/L) 0.93 0.82–1.05 NS

BMI—body mass index, CACS—coronary artery calcium score, DM—diabetes mellitus, HbA1c—haemoglobin A1C, hsCRP—high-sensitivity C-reactive protein, HLP—hyperlipidaemia,
HT—hypertension, NLR—neutrophil-to-lymphocyte ratio, NS—nonsignificant, VAI—visceral adiposity index.
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Based on the nested multiple logistic regression models, NLR remained an indepen-
dent determinant of the presence of coronary calcification (OR = 1.67, p = 0.03) in the
3rd VAI tertile, while no association in the other two tertiles was found. Older age, male
sex, current smoking, and hypertension were also independently associated with elevated
CACS. These results were further confirmed by the findings in the sensitivity analysis (data
available on request).

3. Discussion

In the present study we examined the association between NLR and CACS in asymp-
tomatic patients across VAI tertiles. We found a significant interaction between NLR and
VAI tertiles: there was no association between NLR and increased CACS in the lower two
VAI tertiles, but higher NLR was associated with an increased risk of elevated CACS in the
highest VAI tertile. This association remained even when we adjusted for other important
determinants of CACS such as age, sex, current smoking, and hypertension.

The literature seems to be equivocal in terms of an association of subclinical atheroscle-
rosis, markers of adiposity, and NLR. Some studies have found that VAI and NLR are
independent determinants of subclinical atherosclerosis in European [23] and Chinese
populations [24]. Furthermore, the latter study also showed that when VAI and NLR
are added to the ASCVD risk model, its goodness-of-fit and discriminability improved.
However, another working group [25] reported on a significant association between NLR
and the presence of non-calcified and mixed plaques but found no association with calcified
plaques. Similarly, Nam et al. [26], in a population of 1000 healthy Korean adults, described
an independent correlation between NLR and CACS only in men.

Serrano et al. [27] reported that NLR was independently associated with a CACS above
100 in asymptomatic patients. While we found no overall association between NLR and
CACS, we think that the different findings could be explained by the different characteristics
of the study populations. Our patient population did not include people with manifest
cardiovascular disease (such as myocardial infarction or other vascular events in their
medical history), and thus extends the role of NLR to a truly asymptomatic population.

Given that coronary artery calcium score is an important surrogate of later vascular
events, and plays an important role in cardiovascular risk stratification, our results could be
important for the improvement of cardiovascular risk estimation in asymptomatic persons.
The pathomechanism of CACS can be linked to NLR at several points.

Age and male gender are non-modifiable risk factors that are known to be related to the
extent of coronary calcification. A progressive increase in CACS with age is observed [28].
Smoking is a well-established risk factor for cardiovascular disease and because of its
systemic effects it has a great impact on coronary plaque burden. In a former study, we
have found that smoking is strongly associated with severe coronary calcification [29].
Previously, we have found that highest VAI tertile is an independent predictor for the
presence of CACS > 100 in males [8]. There are some potential underlying mechanisms
explaining the association between NLR and CACS in centrally obese patients.

Obesity and metabolic syndrome are both accompanied by a low-grade, chronic, sys-
temic inflammation [30]. Increasing NLR level signals the presence of inflammation. On that
basis, various studies showed a link between NLR, obesity, and metabolic disorders [31,32].

Central obesity is an important component of metabolic syndrome. Besides the pres-
ence of excess adipose tissue, its functioning is also altered. Secretion of pro-inflammatory
adipokines is upregulated causing the activation of sympathetic nervous and renin an-
giotensin systems that further amplifies the inflammatory response. Moreover, impaired
glucose metabolism is associated with insulin resistance. It can be characterized by in-
creased fatty acid oxidation at the cellular level which leads to oxidative stress and indirectly
to vascular inflammation. Over time, as these metabolic alterations are constantly present,
the inflammation also becomes chronic [33].

Hypercholesterolemia is also known to lead to and sustain vascular inflammation [34].
Metabolic changes such as hyperglycaemia [35] and hypercholesterolaemia induce a path-
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way of atherosclerosis that involves neutrophils as well. Flynn et al. [36] have shown that
fluctuations in blood glucose may cause an increase in circulating leukocytes, including
those that promote atherosclerosis.

In line with these mechanisms, the prevalence of diabetes, and HbA1c and NLR
levels, were higher in the 3rd VAI tertile in our study, indicating that hyperglycaemia is an
important characteristic of this high-VAI group.

Different immune cells play roles in all stages of the atherosclerotic process [37].
Early leukocyte recruitment is linked to vascular endothelial dysfunction. Neutrophils are
known to invade atherosclerotic plaques. Then, they may attract further immune cells,
and promote oxidative stress and LDL modification. As neutrophils act toward atheroscle-
rosis, lymphocytes have an opposite effect, they reduce the progression [38]. Therefore,
if the neutrophil-to-lymphocyte ratio increases, it is a sign of progression. Furthermore,
neutrophils take part in the destabilization of the plaques [39].

Calcification in an atherosclerotic plaque presents in two forms: microcalcification and
macrocalcification [40]. Microcalcification is usually seen in earlier stages of atherosclerosis,
furthermore, it activates the inflammatory response and is characteristic of an unstable
plaque [41,42]. Over time, sheet-like, dense calcification develops that is observed mostly
in stable, fibrocalcific plaques. There seems to be a paradox, because a high calcium score
measured by CT is associated with a higher rate of cardiovascular events. Nevertheless,
calcium score rather implies the total plaque burden and the highly calcified plaques are
not the direct cause of the future events.

To the best of our knowledge, this is the first study demonstrating an association
between NLR and coronary calcification specifically in centrally obese patients. The clinical
significance of our findings on the enhanced role of subclinical inflammation among cen-
trally obese people in subclinical atherosclerosis is highlighted by the high and increasing
prevalence of central obesity in the general population. Furthermore, detailed phenotyping
of our participants allowed us to investigate the independent association between VAI
and subclinical atherosclerosis. NLR is an easily obtainable measure and its components
may be readily available in electronic health records, suggesting its potential future clinical
application in risk stratification or screening of asymptomatic individuals. However, this
requires further exploration in longitudinal studies.

In conclusion, we have found that NLR is independently associated with coronary
calcification in the group with the highest degree of visceral adiposity in an asymptomatic
population. Our results suggest that VAI is not just a simple indicator of visceral adipose
tissue dysfunction but could be a useful clinical marker of cardiometabolic risk and could
have an effect on systemic inflammation. The association between VAI, NLR, and CACS
may have significant implications for identifying patients at risk for atherosclerotic coronary
artery disease in primary prevention.

4. Materials and Methods

The participants of the current study were recruited from a cardiovascular screening
program (Budakalász Health Examination Survey) performed in a Central Hungarian
town (Budakalász) between 2011 and 2013 [43]. Volunteers (≥35 years of age for men and
≥40 years for women) underwent a low-dose (approx. 0.5 mSv) cardiac CT scan (Brilliance
iCT, Philips Healthcare, Best, The Netherlands). If necessary, participants received oral
beta-blockers. Offline semi-automatic software analysis (Calcium scoring, Heartbeat-CS,
Philips Healthcare) was used to calculate the Agatston score, calcification area, and volume.
For the current analysis, Agatston scores were dichotomized (≤100 vs. > 100) [44].

Information on medical history, anthropometric data, and blood pressure were col-
lected using standardized procedures.

Among the lifestyle measures, we defined smoking as currently smoking at least one
cigarette per day.

Blood pressure was measured with an automated machine in triplicate. The mean
of the second and third was used as measured blood pressure. We defined hypertension
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as self-report of doctor-diagnosed hypertension, regular use of blood-pressure-lowering
medication, or measured blood pressure ≥ 140/90 mmHg. Diabetes mellitus was de-
fined as self-report of doctor-diagnosed diabetes, regular use of antidiabetic medication,
or an HbA1c ≥ 6.5%. Hyperlipidaemia was defined as self-report of doctor-diagnosed
hyperlipidaemia or regular use of lipid-lowering medication (e.g., statin, ezetimibe, fibrate).

In the current analysis we used body height (measured to the nearest 0.1 cm on a
stadiometer), weight (measured in light clothing), and waist circumference (measured
halfway between the ribcage and the iliac crest). Body mass index was calculated by the
standard Quetelet’s formula.

Laboratory tests were performed in the Central Laboratory of Semmelweis University.
For the current analysis, we used differential blood cell counts, HbA1c, serum creatinine,
lipid profile (high-density lipoprotein [HDL], triglyceride [TG]), and high-sensitivity C-
reactive protein (hsCRP) levels.

VAI was calculated according to Amato et al. [4] using the following sex-specific formula:

• Males: VAI = [WC/{39.68 + (1.88 × BMI)}] × (TG/1.03) × (1.31/HDL-C)
• Females: VAI = [WC/{36.58 + (1.89 × BMI)}] × (TG/0.81) × (1.52/HDL-C)

Then the VAI values were ranked separately for men and women, and sex-specific
tertiles were created for further analysis.

NLR was calculated as the ratio of the absolute neutrophil count to the absolute
lymphocyte count from the differential blood cell count [45].

Statistical Methods

Descriptive statistics are given as means ± standard deviation (SD) for continuous and
n (%) for categorical variables. Normality of continuous variables was checked by visual
inspection of histograms and normality plots and formally by normality tests. Variables
with skewed distribution were log-transformed to improve normality.

Differences in baseline characteristics by low and high CACS score were tested by
independent sample t-tests for continuous and by chi-squared tests for categorical variables.

Differences in baseline characteristics between VAI tertiles were tested by one-way
ANOVA for continuous and by chi-squared tests for categorical variables. P values are
given for both heterogeneity and for linear contrasts over VAI tertiles.

Next, we ran a set of nested, hierarchical multiple logistic regression models with di-
chotomized CACS as the outcome adjusted for age and sex (Model 1); Model 1 + NLR by VAI
tertile interaction (Model 2); Model 2 + BMI and smoking (Model 3); Model 3 + cardiometabolic
diseases (hyperlipidaemia, hypertension, diabetes mellitus—Model 4); and finally
Model 4 + HbA1c and CRP (Model 5) as covariates (Table 4). This setting allowed the
investigation of the role of NLR in each VAI tertile using all available data (i.e., all
280 participants).

Finally, we repeated the multiple logistic regression analysis without exclusion of
participants taking oral corticosteroids (ATC codes H02*) or other immunomodulatory
medications (ATC codes L04* and M01*) and those with signs of a manifest inflammatory
condition (CRP ≤ 30 mg/L as a sensitivity analysis.

IBM SPSS Statistics (version 27.0, IBM, Armonk, NY, USA) was used for all statistical
analyses. Statistical significance was set at two tailed p values < 0.05.

5. Limitations

This study has some limitations. First, as in any cross-sectional study NLR and
CACS were measured at the same time; that limits our ability to investigate a cause–effect
relationship. Second, we offered low-dose CT only for men above 35 and women above
40, therefore patients with the lowest cardiovascular risk were excluded from our study.
Moreover, patients with former cardiovascular events were also excluded as Ca-score
screening is suggested only in primary prevention. Third, we did not have information on
history of chronic inflammatory disease or anti-inflammatory drug consumption.
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