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Introduction

Monocytes play a role in the pathology of abdominal aortic aneurysm (AAA) and can display immunophenotypic heterogeneity. Alterations in monocyte subsets are associated with cardiovascular risk, but their profile in AAA is poorly understood.





Aim

We aimed to comprehensively define associations of monocyte phenotypes with AAA risk and AAA morphology.





Methods

Monocyte subsets (CD14++CD16−, CD14++/CD16+, and CD14+/CD16++) were analyzed in an observational study in patients with AAA (n = 33) and varicose veins (n = 33) using flow cytometry.





Results

Classical monocytes were 3% lower (p = 0.001) in AAA, while intermediate and non-classical monocytes were 1.8-fold (p = 0.019) and 1.9-fold (p = 0.025) higher in AAA, respectively. The differences remained significant after adjusting for age, sex, and peripheral artery disease. A decrease in classical monocytes [odds ratio (OR): 0.73, p = 0.002] and increases in intermediate (OR: 1.41, p = 0.006) and non-classical monocytes (OR: 1.54, p = 0.030) were associated with a higher risk of AAA. Non-classical monocytes showed an inverse correlation with AAA diameter (rP = −0.64, p = 0.001) and AAA volume (rP = −0.50, p = 0.003).





Conclusion

The present study revealed age- and sex-independent shifts in monocytes, all of which were associated with the risk of AAA disease. Non-classical monocytes were inversely correlated with AAA diameter and volume and thus may be surrogate markers for AAA morphology.
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1 Introduction

Abdominal aortic aneurysm (AAA) is a progressive pathological dilatation of the abdominal aorta, and eventual AAA rupture is a significant cause of death in elderly people (1). Currently, exclusion (open or endovascular repair) is the only effective treatment, and the decision for elective treatment is based solely on the maximum diameter. Surgery is recommended once the aortic diameter exceeds >55 mm in men and 50 mm in women. However, individual differences in AAA wall remodeling (2) and individual growth rates (1) result in different risks of AAA rupture. Moreover, small AAAs are also susceptible to rupture (1). This highlights the urgent need to develop novel therapeutic and diagnostic strategies to improve clinical management and decision making (3). Ideally, a circulating biomarker would be involved in the pathogenesis of AAA, reflecting aortic wall remodeling or inflammatory activity (4).

The main pathological features of AAA are inflammation, extracellular matrix degradation, and phenotypic changes in smooth muscle cells (5). Inflammatory cells in AAA walls comprise monocytes, macrophages, neutrophils, mast cells, natural killer (NK) cells, T and B cells, and dendritic cells (6). Monocytes are recruited to sites of inflammation, where they differentiate into macrophages (7). Monocytes exist in subsets that differ in terms of their morphology, function, and expression of cell surface markers. Three distinct subsets were distinguished in humans based on the expression of the lipopolysaccharide (LPS)–receptor CD14 and the Fcγ receptor CD16: classical (CD14++CD16−), non-classical (CD14+CD16++), and intermediate (CD14++CD16+) monocytes (8). Intermediate subsets are predictive of cardiovascular diseases (8) and are associated with susceptibility to plaque vulnerability (7), for example. Elevated levels of CD16+ subsets have been observed in patients with AAA (9), and a recent study showed that only intermediate monocytes (CD14++CD16+) were elevated in AAA patients compared to healthy individuals and peripheral artery disease (PAD) patients (10). Interestingly, elevated amounts of CD14++CD16+ and D-dimer proved to be suitable diagnostic markers for AAA and were able to predict rapidly growing AAA (10). However, it is still being debated whether the three subgroups are correlated to the main morphologic features of AAA—AAA diameter, AAA volume, and thickness of the intraluminal thrombus (ILT)—and whether they could be useful surrogate markers. Furthermore, it is unclear whether any of these monocyte subsets is associated with end-stage AAA (diameter > 50 mm), at which point most patients are diagnosed. The importance of immune mechanisms and emerging biomarkers has recently been demonstrated in patients with AAA (11, 12). The aim of this study was to comprehensively define circulating monocyte subsets and their associations with AAA risk and AAA morphology in an exploratory study.




2 Materials and methods



2.1 Study design

An overview of the study design is depicted in Figure 1. Monocyte subpopulations were determined in an observational study in electively treated AAA patients and patients with varicose veins who served as controls. Patients with varicose veins were chosen as the control group because they had no evidence of cardiovascular diseases (4) in this group. The aim was to compare patients with AAA with non-diseased controls who had a normal aortic diameter. A similar control group was used in previous studies (13, 14). Due to the observational nature of the study, no sample size or power calculation was performed according to the strengthening the reporting of observational studies in epidemiology (STROBE) guidelines (15). Patients were treated in the Department of Visceral, Thoracic and Vascular Surgery between December 2020 and June 2024. The diagnostic criteria for varicose patients included venous reflux assessed using duplex ultrasound and signs of chronic venous insufficiency according to the Clinical, Etiological, Anatomical, and Pathophysiological (CEAP) classification (16). Inclusion criteria were age over 50 years and no known history of arterial disease, type 2 diabetes mellitus (T2D), and infectious diseases. Patients with thrombophlebitis were excluded. Inclusion criteria for AAA patients were a diameter of the infrarenal aorta of more than 50 mm, a rapidly growing AAA with more than 10-mm progression per year, or a symptomatic AAA. Two patients who were included were treated for rapidly growing iliac artery aneurysm but also showed an aortic dilation with a diameter >40 but <50 mm. The studies involving humans were approved by the Ethikkommission an der Technischen Universität Dresden (EK 151042017). The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided written informed consent to participate in this study.

[image: Flowchart detailing patient selection for a study in the Department of Visceral, Thoracic, and Vascular Surgery. It shows two groups: Patients with Varicose Veins and Patients with AAA (Abdominal Aortic Aneurysm). inclusion criteria for varicose veins were venous reflux and signs of chronic venous insufficiency. Exclusions include younger than fifty years, arterial diseases, T2D, thrombo­phlebitis, or infectious diseases. The final count is thirty-three patients with Varicose Veins. For AAA, inclusion criteria are:  a diameter greater than or equal to fifty millimeters. Exclusions include TAAA and PAU. Included are patients with iliac aneurysm and AAA between forty to fifty millimeters. A final count of 33 patients was reached.]
Figure 1 | Schematic overview of the study design. T2D, type 2 diabetes mellitus; TAAA, thoracic abdominal aortic aneurysm; PAU, penetrating aortic ulcer.




2.2 Outcome variables

Counts of each monocyte subset were defined as the primary outcome variable in the multivariable regression, while the presence or absence of AAA disease was defined as the outcome variable in the odds ratio (OR) analysis.




2.3 Clinical parameters

All blood parameters were measured in a non-fasting state. Serum low-density (LDL) and high-density lipoprotein (HDL), total cholesterol (TC), triglycerides, glucose, hemoglobin (Hb), leukocyte, and C-reactive protein (CRP) concentrations were analyzed in the Institute for Clinical Chemistry and Laboratory Medicine at TU Dresden using standard laboratory methods. Due to the lack of data on blood chemistry or medical therapies, the number of analyzed patients varied in each group. Cardiovascular risk factors, comorbidities, and prescribed medical therapies were evaluated retrospectively. Hypertension, T2D, heart failure (HF), PAD, and carotid artery stenosis (CAS) were defined using a past documented history of diagnosis or any treatment for these diseases. Coronary artery disease (CAD) was defined using a history of myocardial infarction, angina, or treatment for CAD. Smoking was defined using any history of smoking, and sex was self-reported.




2.4 Analysis of AAA diameter and AAA morphology

The aortic diameter, maximal intraluminal thrombus depth, and aortic volumes were determined as described previously (17, 18). In brief, aortic diameter was assessed using computed tomography angiography by a single trained observer by measuring the distance between the outer adventitia (outer-to-outer-edge). The thickness of the ILT was determined in the arterial phase using computed tomography (CT) scans following multiplanar reconstruction. The aorta was scanned in an axial position in 1-mm sections. The thickness of the ILT was assessed at the largest distance from the inner surface of the lumen to the outer aortic wall. The AAA volume was measured by two trained people using the automatic segmentation model of the IMPAX EE R20 software (Agfa HealthCare, Mortsel, Belgium). The aorta was scanned using contrast media in the arterial phase in 1-mm sections. The outer wall of the aneurysm and the true lumen were selected manually every 6 mm in the transverse plane. The starting point of the measurement was defined as the cranial end of the aneurysm with a diameter greater than 30 mm. The measurement ended caudal to the dilation or at the aortic bifurcation. Non-recognized areas were cropped manually. The volume of AAA is given in cm3. The ILT was included in the total AAA volume measurement but was not specifically tagged for segmentation.




2.5 Blood samples and flow cytometry

Non‐fasting venous blood was collected pre-operatively between 2020 and 2024 in a 9 mL S-Monovette EDTA (Sarstedt, Nümbrecht, Germany). Monocyte subpopulations were analyzed using flow cytometry immediately after blood collection. Indeed, cells were stained for 10 min using the following antibody cocktail: CD45-FITC (HI-30, Thermo Fisher Scientific, Darmstadt, Germany), CD16-PerCP710 (CB16, Thermo Fisher Scientific, Darmstadt, Germany), and CD14-PE (MφP9, BD Biosciences, Heidelberg, Germany). Isotype controls were prepared to ensure the specificity of the antibodies. Afterward, erythrocytes were lysed by the addition of FACS lysing solution (BD Biosciences, Heidelberg, Germany) for 10 min. Data acquisition was performed on LSRFortessa (BD Biosciences, Heidelberg, Germany) and LSRII (BD Biosciences, Heidelberg, Germany). Data analysis was conducted using the FlowJo™ software (Version 10, BD Biosciences, Heidelberg, Germany). First, debris was excluded by applying side scatter (SSC) and forward scatter (FSC) signals, and events with low FSC and SSC signals were omitted. Before cell aggregates were excluded from the analysis, the expression of CD45 against the SSC signal was used to select the monocyte population for further analysis. Finally, classical (CD14++CD16−), non-classical (CD14+CD16++), and intermediate (CD14++CD16+) monocytes were determined according to their expression of CD14 and CD16. The percentage of monocytes is given relative to the total number of monocytes (Figure 2).

[image: Flow cytometry panel there are no violin plots inside this figure analyzing monocytes. (A) to (E) show cell gating strategies for debris and cell aggregate removal and monocyte identification with specific markers. (F), (G), and (H) display these are scatter dot plots; not violin plots comparing percentages of classical, non-classical, and intermediate monocytes in varicose vein patients and patients with AAA groups, with statistical significance indicated.]
Figure 2 | Monocyte subsets in patients with AAA and varicose veins. Non-fasting venous blood was collected, and the relative frequency of the individual monocyte subpopulations was determined using flow cytometry. Gating strategy: blood was collected and stained with CD45-FITC, CD16-PerCP710, and CD14-PE. (A) First, debris was excluded, and (B) in the next step, monocyte subpopulations were identified using CD45 expression and the SSC-A signal. (C) Cell aggregates were excluded from further analysis, and (D, E) monocyte subsets were determined regarding their expression of CD14 and CD16. (F) Classical (CD14++CD16−), (G) non-classical (CD14+CD16++), and (H) intermediate (CD14++CD16+) monocytes. All data are shown as box plots with individual values. Significant outliers were identified using Grubb’s outlier test, and one patient in the varicosis group was excluded from the analysis. (F) Unpaired t-test and (G, H) Mann–Whitney U test. AAA, abdominal aortic aneurysm.





2.6 Statistics

GraphPad Prism 10.0 (GraphPad Software, Inc., La Jolla, CA, USA) and R Core Team (2021) R: A Language and Environment for Statistical Computing software (R Foundation for Statistical Computing, Vienna, Austria) were used for statistical analysis. A p-value ≤0.05 was considered significant. Significant outliers were identified using Grubb’s outlier test and normality distribution with the D’Agostino and Pearson test. According to the result of the normal distribution test, the Mann–Whitney U or unpaired t-test was used to compare AAA and varicose vein patients. In addition, the standardized mean difference (SMD) was calculated. Data are shown as box plots with individual values or as scatter dot plots, as indicated in the figure legends. Correlational analysis was conducted using Pearson’s correlation (rP). Penalized linear regression was performed for variable selection to assess the influence of age, sex, smoking, hypertension, T2D, CAD, PAD, CRP, HDL cholesterol, LDL cholesterol, triglyceride, hemoglobin, leukocyte count, AAA diameter, thickness of the ILT, and prescription of insulin, diuretics, statins, angiotensin-converting enzyme (ACE) inhibitors, calcium channel blocker (CCB), angiotensin II receptor blockers (ARBs), beta (β)-blocker, acetylsalicylic acid (ASA), and therapeutic anticoagulation. Data were analyzed by multivariable regression using each of the log-transformed monocyte counts as an independent variable for the presence of AAA disease. The effect of risk factors was compared with patients in whom the risk factor was not present. As the cohorts strongly differed in terms of age and sex, these two factors were included in this analysis. In addition, it was found that the comorbidities confounded each other. For this reason, and since patients with PAD had already served as the control group in previous studies (10), PAD was selected for inclusion in the multivariable analysis.





3 Results



3.1 Patient characteristics

A comparison of patients with AAA and patients with varicose veins revealed that the AAA group was significantly older and comprised a higher proportion of male patients. As expected, the two groups differed in terms of the prevalence of cardiovascular risk factors and prescribed pharmacotherapy. A detailed list of these risk factors and pharmacotherapy is provided in Table 1.


Table 1 | Clinical characteristics in patients with abdominal aortic aneurysm (AAA) and varicose veins.
	Observational study
	
	


	
	Varicosis
	AAA
	p-Value
	Statistics
	Degrees of freedom
	Standardized mean difference



	Baseline demographics


	n included
	33
	33
	 
	 
	 
	 


	Age [years] mean ± SD
	62.79 ± 8.15
	70.29 ± 9.41
	<0.001a
	t = 3.51
	64
	0.86


	Sex, male:female, % male
	20:13, 61
	30:3, 91
	0.0041c
	χ2 = 8.25
	1
	 


	Hematology


	Hemoglobin [mmol/L] mean ± SD, n
	8.99 ± 0.73
32
	9.01 ± 1.10
33
	0.948a
	t = 0.07
	64
	0.02


	Reference values 8.60–12.10 mmol/L


	Leukocytes [GPt/L] mean ± SD, n
	6.83 ± 1.48
32
	7.64 ± 1.68
33
	0.046a
	t = 2.04
	63
	0.51


	Reference values 3.8–9.8 GPt/L


	Cardiovascular risk factors


	LDL cholesterol—mmol/L, mean ± SD, n
	4.18 ± 1.50
31
	3.28 ± 1.36
33
	0.014a
	t = 2.53
	62
	0.63


	Reference values <1.40 mmol/L for people with very high risk


	HDL cholesterol—mmol/L, median with range, n
	1.63
(1.00–2.62)
31
	1.28
(0.75–1.98)
33
	0.015b
	U = 331.00
	 
	0.71


	Reference values >0.90 mmol/L for men and >1.10 mmol/L for women


	Total cholesterol—mmol/L, mean ± SD, n
	4.57 ± 1.37
31
	3.52 ± 1.55
33
	0.006a
	t = 0.85
	62
	0.71


	Reference values <4.00 mmol/L


	Triglycerides—mmol/L, median with range, n
	1.18
(0.43–3.88)
31
	1.20
(0.52–3.59)
32
	0.582b
	U = 455.50
	 
	0.11


	Reference values 0.35–1.70 mmol/L


	Blood glucose—mmol/L, median with range, n
	5.37
(4.30–6.81)
28
	5.94
(4.69–11.33)
30
	0.004b
	U = 238.50
	 
	0.84


	Reference value only for fasting glucose is possible


	CRP—mg/L, median with range, n
	1.30
(0.50–21.30)
31
	2.65
(0.60–16.80)
31
	0.049b
	U = 353.50
	 
	0.20


	Reference values <5.0 mg/L


	Smoking, yes:no—%
	6:27, 18
	23:10, 70
	<0.001c
	χ2 = 17.78
	1
	 


	Hypertension, yes:no—%
	11:22, 33
	30:3, 91
	<0.001c
	χ2 = 23.24
	1
	 


	CAD, yes:no—%
	0:33, 0
	10:23, 30
	0.001c
	χ2 = 11.79
	1
	 


	HF, yes:no—%
	1:32, 3
	10:23, 30
	0.003c
	χ2 = 8.84
	1
	 


	CAS, yes:no—%
	0:33, 0
	7:26, 21
	0.005c
	χ2 = 7.83
	1
	 


	PAD, yes:no—%
	0:33, 0
	8:25, 24
	0.003c
	χ2 = 9.10
	1
	 


	T2D, yes:no—%
	0:33, 0
	11:22, 33
	<0.001c
	χ2 = 13.20
	1
	 


	BMI—kg/m², median with range, n
	27.20
(21.20–40.70)
33
	27.25
(20.30–38.01)
33
	0.677b
	U = 511.50
	 
	0.14


	Pharmacological therapies


	Statins, yes:no—%
	3:29, 9
	24:9, 73
	<0.001c
	χ2 = 26.85
	1
	 


	ACE inhibitors, yes:no—%
	3:29, 9
	15:18, 45
	0.001c
	χ2 = 10.56
	1
	 


	ARB, yes:no—%
	4:28, 13
	13:20, 39
	0.014c
	χ2 = 6.08
	1
	 


	CCB, yes:no—%
	2:30, 6
	13:20, 39
	0.002c
	χ2 = 10.05
	1
	 


	ASA, yes:no—%
	2:30, 6
	25:8, 76
	<0.001c
	χ2 = 32.32
	1
	 


	β-Blocker, yes:no—%
	4:28, 13
	17:16, 52
	<0.001c
	χ2 = 11.31
	1
	 


	Anticoagulation, yes:no—%
	6:26, 19
	3:30, 9
	0.260c
	χ2 = 1.27
	1
	 


	Antiplatelet, yes:no—%
	1:31, 3
	3:30, 9
	0.317c
	χ2 = 1.00
	1
	 


	Diuretics, yes:no—%
	4:28, 13
	9:24, 27
	0.137c
	χ2 = 1.49
	1
	 


	T2D treatment, yes:no—%
	0:32, 0
	11:22, 33
	<0.001c
	χ2 = 12.84
	1
	 


	Insulin, yes:no—%
	0:32, 0
	2:31, 6
	0.157c
	χ2 = 2.00
	1
	 





Blood was taken in the non-fasted state. Reference values for the corresponding blood parameters are given in the table. Reference values for LDL and total cholesterol (TC) are based on the European Society of Cardiology (ESC) recommendations. Reference values for fasting glucose were excluded due to withdrawal in the non-fasted state. Statistics: All data are presented as median with minimum and maximum values. Comparison of continuous data was conducted using the Mann–Whitney U test or t-test. Discrete data were analyzed by the chi-square test. For t test (a), t-statistic is reported; Mann–Whitney (b), U statistics; and chi-square (c), χ2.

ACE, angiotensin-converting enzyme; ARB, angiotensin II receptor blocker; BMI, body mass index; ASA, acetylsalicylic acid; CAD, coronary artery disease; CCB, calcium channel blocker; HDL, high-density lipoprotein; LDL, low-density lipoprotein; PAD, peripheral artery disease; T2D, type 2 diabetes mellitus; TIA, transient ischemic attack.






3.2 Phenotypic heterogeneity of monocyte subsets in AAA patients

In the present study, significant shifts in monocyte subsets were observed in AAA patients compared to controls with varicose veins. Patients with AAA had a 2.6% lower proportion of classical monocytes (AAA: 93.5% ± 3.4% vs. controls: 96.1% ± 2.0%, p = 0.001, SMD = 0.91). Conversely, patients with AAA exhibited a 1.9-fold increase in non-classical monocytes (AAA: 2.5% ± 1.6% vs. controls: 1.7% ± 1.2%, p = 0.025, SMD = 0.58) and a 1.8-fold higher proportion of intermediate monocytes (AAA: 4% ± 2.8% vs. controls: 2.3% ± 1.6%, p = 0.019, SMD = 0.77) (Figure 2). A linear weighted regression was performed to determine which of the patients’ risk factors and comorbidities had the most influence on the subgroups. We found that classical monocytes were relatively robust since they were barely affected by any of the investigated comorbidities or risk factors (Supplementary Table 1). In non-classical monocytes, PAD was associated with an increase in comorbidities or risk factors, while T2D and hypertension were associated with a decrease in this subset (Supplementary Table 2). Intermediate monocytes were strongly influenced by the presence of T2D, while sex and hypertension were associated with a decrease in this subset (Supplementary Table 3). All of the comorbidities and risk factors investigated were found to confound each other to a high degree. Additionally, there were the greatest differences in age and sex between the AAA and control groups. Therefore, we chose age, sex, and PAD for the multivariable regression analysis to analyze whether these factors influence the observed differences between patients with varicose veins and patients with AAA. After adjusting for age, sex, and PAD, the observed decrease in classical monocytes (p = 0.001) and increase in non-classical monocytes (p = 0.040) in AAA patients remained significant (Table 2).


Table 2 | Differences in monocyte subsets after adjusting for age, sex, and PAD.
	Variable
	Unadjusted OR [95% CI]
	p-Value
	Adjusted OR [95% CI]
	p-Value



	Classical monocytes [log10]


	Group (ref = varicosis)
	0.973 [0.958, 0.987]
	<0.001
	0.968 [0.949, 0.987]
	0.001


	Age (years)
	0.999 [0.998, 1.000]
	0.076
	1.000 [0.999, 1.001]
	0.950


	Sex (ref = female)
	1.001 [0.982, 1.021]
	0.895
	1.014 [0.994, 1.035]
	0.160


	PAD (ref = none)
	0.987 [0.963, 1.012]
	0.308
	1.004 [0.980, 1.029]
	0.754


	Non-classical monocytes [log10]


	Group (ref = varicosis)
	1.504 [1.019, 2.220]
	0.040
	1.760 [1.058, 2.928]
	0.030


	Age (years)
	1.002 [0.981, 1.024]
	0.830
	0.988 [0.964, 1.012]
	0.331


	Sex (ref = female)
	1.024 [0.635, 1.652]
	0.921
	0.784 [0.462, 1.330]
	0.360


	PAD (ref = none)
	1.283 [0.697, 2.360]
	0.417
	1.026 [0.537, 1.960]
	0.937


	Intermediate monocytes [log10]


	Group (ref = varicosis)
	1.674 [0.988, 2.836]
	0.055
	1.940 [0.987, 3.814]
	0.054


	Age (years)
	1.024 [0.996, 1.053]
	0.091
	1.007 [0.975, 1.040]
	0.680


	Sex (ref = female)
	0.709 [0.375, 1.343]
	0.287
	0.563 [0.279, 1.136]
	0.107


	PAD (ref = none)
	1.203 [0.527, 2.745]
	0.656
	0.857 [0.363, 2.024]
	0.721





Monocyte subsets were analyzed using flow cytometry, and monocytes are given in % of total monocytes. Data were analyzed by multivariable regression using each of the monocyte subgroups as a diagnostic variable for the presence of AAA disease. The monocyte counts were logarithmically transformed, and data were analyzed by multivariable linear regression using the corresponding subset as a predictor variable. The effects of each risk factor were compared with patients in whom the risk factor was not present (ref = none). The odds ratio (OR) refers to the relative increase in risk of AAA disease as the percentage of the subgroup increases. For sex, OR refers to men, and reference values refer to women. AAA diameter and age show the increase per unit (mm and year, respectively). Unadjusted values were obtained by pairwise comparison of each variable listed in the table with the outcome of having an AAA. Adjusted values were analyzed by holding the effects of the other variables constant and assuming an increase in the monocyte counts on the logarithmic scale.

OR, odds ratio; PAD, peripheral artery disease; AAA, abdominal aortic aneurysm.






3.3 Monocyte subsets and associations with AAA morphology and AAA risk

ORs were calculated to test whether differences in subgroups were associated with an increased risk of AAA disease. A reduced number of classical monocytes was associated with an increased risk of AAA (p = 0.002). Furthermore, higher levels of non-classical (p = 0.030) and intermediate monocytes (p = 0.006) were found to be associated with an increased risk of AAA (Table 3).


Table 3 | Odds ratios of monocyte subsets and AAA risk.
	
	Odds ratio [95% CI]
	p-Value



	Classical monocytes
	0.726
[0.584, 0.874]
	0.002


	Intermediate monocytes
	1.412
[1.123, 1.846]
	0.006


	Non-classical monocytes
	1.537
[1.068, 2.354]
	0.030





Monocyte subsets were analyzed using flow cytometry and are given in % of total monocytes. Logistic regression was used to obtain the odds ratio of incident AAA per one-unit increase in monocyte counts on a log scale.



A correlational analysis was performed to test whether the different monocyte subgroups are associated with AAA morphology and could therefore serve as surrogate markers. There was a trend toward an increase in classical monocytes with AAA diameter (rP = 0.32, p = 0.069) (Figure 3A), although no correlations were found with AAA volume or ILT thickness (Table 4). Conversely, non-classical monocytes decreased with increasing AAA diameter (rP = −0.64, p < 0.001) and increasing AAA volume (rP = −0.50, p = 0.003) (Figures 3B, C). Intermediate monocytes showed a trend toward a positive association with the maximum ILT thickness (rP = 0.32, p = 0.067) (Figure 3D). Table 4 provides an overview of all correlations tested.

[image: There are four scatter plots labelled A, B, C and D. Plot A shows a slight positive correlation between AAA diameter and classical monocytes on the log-scale (r = 0.32, P = 0.069). Plot B shows a negative correlation between AAA diameter and non-classical monocytes on the log-scale (r = -0.64, P < 0.001). Plot C shows a negative correlation between AAA volume and non-classical monocytes on the log-scale (r = -0.50, P = 0.003). Plot D shows a slight positive correlation between ILT and intermediate monocytes on the log-scale (r = 0.32, p = 0.067). Each plot contains data points with a fitted trend line obtained from n = 33 included patients.]
Figure 3 | Correlations of monocyte subsets and AAA morphology. Monocyte subsets were analyzed using flow cytometry and are given as % total monocytes. Data were log-transformed and analyzed for correlations with features of AAA morphology. Correlation of (A) classical monocytes and AAA diameter, (B) non-classical monocytes and AAA diameter, (C) non-classical monocytes and AAA volume, and (D) intermediate monocytes and ILT. Statistics: Grubb’s outlier test was used to identify outliers. One AAA patient was identified as an outlier and excluded from the analysis. Correlational analysis was conducted using Pearson’s correlation. rP, Pearson’s rank correlation coefficient; AAA, abdominal aortic aneurysm; ILT, thickness of the intraluminal thrombus.


Table 4 | Summary of correlations between monocyte subsets and AAA morphology.
	
	Classical monocytes
	Non-classical monocytes
	Intermediate monocytes


	rP
	p-Value
	rP
	p-Value
	rP
	p-Value



	AAA diameter
	0.32
	0.069
	−0.64
	<0.001
	−0.20
	0.265


	ILT
	−0.21
	0.23
	0.19
	0.298
	0.32
	0.067


	AAA volume
	0.27
	0.13
	−0.50
	0.003
	−0.13
	0.481





Monocyte subsets were analyzed using flow cytometry and are given in % of total monocytes. Data were log-transformed. Correlational analysis was performed using Pearson’s correlation. Significant outliers were identified using Grubb’s outlier test and excluded from the analysis.

AAA, abdominal aortic aneurysm; ILT, intraluminal thrombus; rP, Pearson’s rank correlation coefficient. The numbers marked in bold in the table indicate significant associations or trends in these.







4 Discussion

Monocytes play a role in the pathology of AAA and can exhibit immunophenotypic heterogeneity. While alterations in monocyte subsets are associated with cardiovascular risk, their profile and associations with AAA diameter and AAA morphology remain poorly understood. We could demonstrate that the number of classical monocytes was lower in AAA, whereas the number of intermediate and non-classical monocytes was higher. Interestingly, these changes were associated with an increased risk of AAA. Furthermore, there was an inverse correlation between non-classical monocytes and AAA diameter and volume.

The present study revealed lower counts of classical monocytes (CD14++CD16−) and higher counts of intermediate (CD14++CD16+) and non-classical monocytes (CD14+CD16++). Our data are, at least in part, supported by previously published studies (9, 10). The decreased proportion of classical monocytes could be explained by findings in mice following the induction of acute myocardial infarction. In the first phase, CD14++CD16− monocytes accumulated at the site of injury early on to clear necrotic debris and promote the healing of the damaged tissue. In the second phase, CD14+CD16++ non-classical monocytes dominated and promoted healing by stimulating the accumulation of myofibroblasts, angiogenesis, and collagen deposition (19). The data herein eventually underline an imbalance between both subsets in patients with AAA, with intermediate and non-classical subsets being more prominent. Classical monocytes can transmigrate through the endothelium into the vessel wall (20). This could explain the depletion of the classical monocytes, which may be due to an increased migration into the AAA.

Under both physiological and pathological conditions, non-classical monocytes actively patrol the vascular endothelium (21). They have phagocytic properties, enabling them to remove cell debris and play an important role in controlling vascular integrity. They are most likely involved in the resolution of inflammation (21). Studies in patients with CAD (22) and subclinical atherosclerosis demonstrated (23) increased non-classical subsets and therefore coincide with the data of the present study. Here, a higher count of non-classical monocytes was found in AAA patients, which differs from the data previously published by Klopf et al., who used PAD patients as a control group (10). Patients with PAD are most often used as controls in studies of AAA (10, 17). PAD is one of the most common initial manifestations of T2D (24), and T2D itself is inversely associated with AAA disease (25). It could be speculated that confounding of the protective and adverse effects could occur. The increase in intermediate and non-classical monocyte subsets could be further explained at the expense of classical monocytes. Similar results have been demonstrated in patients with T2D (26). In support of this hypothesis, classical monocytes differentiate into non-classical monocytes via intermediate monocytes (27). It has been shown that intermediate monocytes are inflammatory and are an independent predictor of cardiovascular events in patients with atherosclerotic diseases (8). A similar increase was observed in patients with advanced PAD, indicating disease progression (28).

To further understand the link between AAA risk and blood monocytes, we analyzed whether a specific subtype of monocytes was associated with an increased risk of having AAA disease. We were able to show that a lower proportion of classical monocytes was associated with an increased risk of AAA, while an increase in non-classical and intermediate monocytes was also associated with an increased risk of AAA. In line with this, it has previously been shown that the percentage of classical monocytes is decreased in PAD patients in the advanced state (28). Classical monocytes secrete cytokines and are known to be phagocytic (29), are activated by inflammatory cues, and act during the acute phase of inflammation (29). As with other cardiovascular diseases, AAA could be considered a chronic inflammatory condition (30) rather than an acute infection.

Analyzing AAA volume has the advantage of taking into account the morphology of the aneurysm (31). AAA volume can be useful when diameter measurement is not possible, for example, in monitoring saccular AAA, since there is a weaker correlation between increased diameter and rupture risk in this type of AAA (32). Finally, AAA volume may be a better predictor of AAA growth (33). The present study demonstrated that an increased proportion of non-classical (CD14+CD16++) monocytes was found to be inversely associated with AAA diameter and AAA volume. A negative correlation was found between non-classical (CD14+CD16++) monocytes and intima–media thickness in patients with carotid artery stenosis (34) and PAD (28). The severity of these diseases was associated with a decrease in non-classical subsets (28), which is consistent with the findings of the present study. Non-classical (CD14+CD16++) monocytes (or Ly-6Clo in mice) are involved in the healing of the ischemic myocardium, initiating differentiation into anti-inflammatory M2 macrophages, which are known to be involved in tissue repair (19, 35). It is speculative, but the inverse relationship could be explained by temporal patterns and a lack of their protective and healing functions (34), although non-classical subsets are higher in patients with AAA. Additionally, the patients examined here were in the final stage of the disease and exhibited typical AAA wall degeneration (17, 36). Another possibility that could explain the inverse relationship between AAA diameter and non-classical monocytes is that, as the diameter increases, more non-classical monocytes migrate into the AAA, and their concentration in the blood decreases. The migration of non-classical monocytes is strongly context-dependent and has been observed in other cardiovascular diseases (37).

The majority of AAAs is covered by the ILT. The ILT contains fibrin, inflammatory cells, platelets, and red blood cells and affects the growth and rupture of the AAA (38). Herein, intermediate (CD14++CD16+) subsets tended to correlate with ILT thickness. It has been demonstrated that intermediate monocytes are present in the ILTs, albeit in lower amounts than in the peripheral blood of AAA patients (39). The positive association could reflect the inflammatory nature of the ILT or the inflammatory intermediate monocyte subset (8).

Overall, the present study revealed age- and sex-independent shifts in the classical, non-classical, and intermediate subsets in AAA, suggesting disease-specific mechanisms. Decreases in classical monocytes and increases in intermediate and non-classical monocytes were associated with an increased risk of AAA. The number of non-classical monocytes correlated inversely with AAA diameter and volume, suggesting they could be useful surrogate markers for AAA morphology beyond the AAA diameter. The decrease in classical monocytes and the increase in non-classical monocytes should be especially considered in future studies.




5 Limitations

This study is descriptive, explorative, and observational, based on a very small cohort of patients. Patients with varicose veins were used as the control group, but they differ from the AAA group in terms of age, comorbidity, and risk factor profile. Furthermore, varicose veins are reported to be either an inflammatory disease or affected by inflammation. Moreover, our analysis was limited to patients who met the surgical criteria for AAA repair (diameter > 50 mm). We did not include patients with small AAA (30–50 mm), as these are important for drug development because they represent the early stages of the disease. The relatively small number of patients (n = 33) included, coupled with the large number of confounding factors, may have influenced the results. We cannot exclude that other variables, such as medical therapies or cardiovascular risk factors, may have affected the results. Analyzing patients by adjusting their risk factors in advance, for example, in a case–control study, could minimize these effects. Furthermore, the results obtained here permit the establishment of a causal relationship between the different monocyte subsets and the development of AAA due to the study design. Finally, the main discrepancy when comparing data from flow cytometry with those from the present study is the pre-selection of cells, the declaration of subsets based on CD14 and CD16 expression, and the gating strategy in flow cytometry.





Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding author.





Ethics statement

The studies involving humans were approved by Ethikkommission an der Technischen Universität Dresden (EK 151042017). The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.





Author contributions

BH: Writing – original draft, Writing – review & editing. AK: Writing – review & editing. MK: Writing – review & editing. DP: Writing – original draft, Writing – review & editing. AB: Writing – review & editing, Methodology, Data curation. HM: Writing – original draft, Supervision. CR: Data curation, Writing – original draft, Writing – review & editing. AH: Writing – review & editing, Writing – original draft.





Funding

The author(s) declare that no financial support was received for the research and/or publication of this article.




Acknowledgments

Flow cytometry measurement and analysis were performed at the Flow Cytometry Core Facility at TU Dresden, University of Technology. We would like to thank Dr. Anne Gompf, Head of the Flow Cytometry Core Facility, for her excellent technical experience.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fimmu.2025.1621888/full#supplementary-material




Abbreviations

AAA, abdominal aortic aneurysm; ACE, angiotensin-converting enzyme; ARB, angiotensin II receptor blocker; ASA, acetylsalicylic acid; BMI, body mass index; CAD, coronary artery disease; CAS, carotid artery stenosis; CCB, calcium channel blocker; CVD, cardiovascular disease; Hb, hemoglobin; HDL, high-density lipoprotein cholesterol; HF, heart failure; LDL, low-density lipoprotein cholesterol; PAD, peripheral artery disease; T2D, type 2 diabetes mellitus; TC, total cholesterol.






References

	 Khan H, Abu-Raisi M, Feasson M, Shaikh F, Saposnik G, Mamdani M, et al. Current prognostic biomarkers for abdominal aortic aneurysm: A comprehensive scoping review of the literature. Biomolecules. (2024) 14. doi: 10.3390/biom14060661, PMID: 38927064


	 Nackenhorst MC, Menges F, Bohmann B, Zschapitz D, Bollwein C, Flemming S, et al. Abdominal aortic aneurysm histomorphology shows different inflammatory aspects among patients and is not associated with classic risk factors - the HistAAA study. Cardiovasc Res. (2025). doi: 10.1093/cvr/cvaf071, PMID: 40296831


	 Zhang Y, Siu KL, Li Q, Howard-Quijano K, Scovotti J, Mahajan A, et al. Diagnostic and predictive values of circulating Tetrahydrobiopterin levels as a novel biomarker in patients with thoracic and abdominal aortic aneurysms. Redox Biol. (2022) 56:102444. doi: 10.1016/j.redox.2022.102444, PMID: 36116158


	 Golledge J, Tsao PS, Dalman RL, Norman PE. Circulating markers of abdominal aortic aneurysm presence and progression. Circulation. (2008) 118:2382–92. doi: 10.1161/CIRCULATIONAHA.108.802074, PMID: 19047592


	 Raffort J, Lareyre F, Clement M, Hassen-Khodja R, Chinetti G, Mallat Z. Monocytes and macrophages in abdominal aortic aneurysm. Nat Rev Cardiol. (2017) 14:457–71. doi: 10.1038/nrcardio.2017.52, PMID: 28406184


	 Marquez-Sanchez AC, Koltsova EK. Immune and inflammatory mechanisms of abdominal aortic aneurysm. Front Immunol. (2022) 13:989933. doi: 10.3389/fimmu.2022.989933, PMID: 36275758


	 Ruder AV, Wetzels SMW, Temmerman L, Biessen EAL, Goossens P. Monocyte heterogeneity in cardiovascular disease. Cardiovasc Res. (2023) 119:2033–45. doi: 10.1093/cvr/cvad069, PMID: 37161473


	 Hristov M, Leyendecker T, Schuhmann C, von Hundelshausen P, Heussen N, Kehmeier E, et al. Circulating monocyte subsets and cardiovascular risk factors in coronary artery disease. Thromb Haemost. (2010) 104:412–4. doi: 10.1160/TH10-01-0069, PMID: 20431842


	 Ghigliotti G, Barisione C, Garibaldi S, Brunelli C, Palmieri D, Spinella G, et al. CD16(+) monocyte subsets are increased in large abdominal aortic aneurysms and are differentially related with circulating and cell-associated biochemical and inflammatory biomarkers. Dis Markers. (2013) 34:131–42. doi: 10.1155/2013/836849, PMID: 23348634


	 Klopf J, Zagrapan B, Brandau A, Lechenauer P, Candussi CJ, Rossi P, et al. Circulating monocyte populations as biomarker for abdominal aortic aneurysms: A single-center retrospective cohort study. Front Immunol. (2024) 15:1418625. doi: 10.3389/fimmu.2024.1418625, PMID: 39139559


	 Dinc R. The role of immune mechanisms in abdominal aortic aneurysm: could it be a promising therapeutic strategy? Acta Cardiol Sin. (2023) 39:675–86. doi: 10.6515/ACS.202309_39(5).20230531A, PMID: 37720407


	 Dinc R, Ardic N. Role of potential biomarkers in aortic aneurysms: does it hold promise for clinical decision making? Ann Vasc Surg. (2025) 110:349–52. doi: 10.1016/j.avsg.2024.07.128, PMID: 39413998


	 Siegrist H, Spieler A, Peters AS, Passek KH, Bockler D, Dihlmann S. D-dimers and Mpo are no suitable biomarkers for application in abdominal aortic aneurysm (AAA) surveillance in a real-world setting of vascular surgery patients. Biomolecules. (2024) 14. doi: 10.3390/biom14121525, PMID: 39766232


	 Feridooni T, Zamzam A, Popkov M, Syed MH, Djahanpour N, Wheatcroft M, et al. Plasma complement component C2: A potential biomarker for predicting abdominal aortic aneurysm related complications. Sci Rep. (2022) 12:21252. doi: 10.1038/s41598-022-24698-1, PMID: 36482198


	 Vandenbroucke JP, von Elm E, Altman DG, Gotzsche PC, Mulrow CD, Pocock SJ, et al. Strengthening the reporting of observational studies in epidemiology (STROBE): explanation and elaboration. PLoS Med. (2007) 4:e297. doi: 10.1371/journal.pmed.0040297, PMID: 17941715


	 Lurie F, Passman M, Meisner M, Dalsing M, Masuda E, Welch H, et al. The 2020 update of the CEAP classification system and reporting standards. J Vasc Surg Venous Lymphat Disord. (2020) 8:342–52. doi: 10.1016/j.jvsv.2019.12.075, PMID: 32113854


	 Hofmann A, Khorzom Y, Klimova A, Wolk S, Busch A, Sabarstinski P, et al. Associations of tissue and soluble LOX-1 with human abdominal aortic aneurysm. J Am Heart Assoc. (2023) 12:e027537. doi: 10.1161/JAHA.122.027537, PMID: 37421287


	 Hamann B, Klimova A, Klotz F, Frank F, Janichen C, Kapalla M, et al. Regulation of Cd163 receptor in patients with abdominal aortic aneurysm and associations with antioxidant enzymes HO-1 and NQO1. Antioxidants (Basel). (2023) 12. doi: 10.3390/antiox12040947, PMID: 37107322


	 Nahrendorf M, Swirski FK, Aikawa E, Stangenberg L, Wurdinger T, Figueiredo JL, et al. The healing myocardium sequentially mobilizes two monocyte subsets with divergent and complementary functions. J Exp Med. (2007) 204:3037–47. doi: 10.1084/jem.20070885, PMID: 18025128


	 Feinstein MJ, Doyle MF, Stein JH, Sitlani CM, Fohner AE, Huber SA, et al. Nonclassical monocytes (CD14dimCD16+) are associated with carotid intima-media thickness progression for men but not women: the multi-ethnic study of atherosclerosis-brief report. Arterioscler Thromb Vasc Biol. (2021) 41:1810–7. doi: 10.1161/ATVBAHA.120.315886, PMID: 33761764


	 Thomas G, Tacke R, Hedrick CC, Hanna RN. Nonclassical patrolling monocyte function in the vasculature. Arterioscler Thromb Vasc Biol. (2015) 35:1306–16. doi: 10.1161/ATVBAHA.114.304650, PMID: 25838429


	 Urbanski K, Ludew D, Filip G, Filip M, Sagan A, Szczepaniak P, et al. CD14(+)CD16(++) “Nonclassical” Monocytes are associated with endothelial dysfunction in patients with coronary artery disease. Thromb Haemost. (2017) 117:971–80. doi: 10.1160/TH16-08-0614, PMID: 28229168


	 Poitou C, Dalmas E, Renovato M, Benhamo V, Hajduch F, Abdennour M, et al. CD14dimCD16+ and CD14+CD16+ Monocytes in obesity and during weight loss: relationships with fat mass and subclinical atherosclerosis. Arterioscler Thromb Vasc Biol. (2011) 31:2322–30. doi: 10.1161/ATVBAHA.111.230979, PMID: 21799175


	 Shah AD, Langenberg C, Rapsomaniki E, Denaxas S, Pujades-Rodriguez M, Gale CP, et al. Type 2 diabetes and incidence of cardiovascular diseases: A cohort study in 1.9 million people. Lancet Diabetes Endocrinol. (2015) 3:105–13. doi: 10.1016/S2213-8587(14)70219-0, PMID: 25466521


	 Tsai CL, Lin CL, Wu YY, Shieh DC, Sung FC, Kao CH. Advanced complicated diabetes mellitus is associated with a reduced risk of thoracic and abdominal aortic aneurysm rupture: A population-based cohort study. Diabetes Metab Res Rev. (2015) 31:190–7. doi: 10.1002/dmrr.2585, PMID: 25066630


	 Julla JB, Girard D, Diedisheim M, Saulnier PJ, Tran Vuong B, Bleriot C, et al. Blood monocyte phenotype is a marker of cardiovascular risk in type 2 diabetes. Circ Res. (2024) 134:189–202. doi: 10.1161/CIRCRESAHA.123.322757, PMID: 38152893


	 Patel AA, Zhang Y, Fullerton JN, Boelen L, Rongvaux A, Maini AA, et al. The fate and lifespan of human monocyte subsets in steady state and systemic inflammation. J Exp Med. (2017) 214:1913–23. doi: 10.1084/jem.20170355, PMID: 28606987


	 Wildgruber M, Aschenbrenner T, Wendorff H, Czubba M, Glinzer A, Haller B, et al. The “Intermediate” CD14(++)CD16(+) monocyte subset increases in severe peripheral artery disease in humans. Sci Rep. (2016) 6:39483. doi: 10.1038/srep39483, PMID: 27991581


	 Kapellos TS, Bonaguro L, Gemund I, Reusch N, Saglam A, Hinkley ER, et al. Human monocyte subsets and phenotypes in major chronic inflammatory diseases. Front Immunol. (2019) 10:2035. doi: 10.3389/fimmu.2019.02035, PMID: 31543877


	 Dale MA, Ruhlman MK, Baxter BT. Inflammatory cell phenotypes in Aaas: their role and potential as targets for therapy. Arterioscler Thromb Vasc Biol. (2015) 35:1746–55. doi: 10.1161/ATVBAHA.115.305269, PMID: 26044582


	 Kitagawa A, Mastracci TM, von Allmen R, Powell JT. The role of diameter versus volume as the best prognostic measurement of abdominal aortic aneurysms. J Vasc Surg. (2013) 58:258–65. doi: 10.1016/j.jvs.2013.05.001, PMID: 23806259


	 Vaitenas G, Mosenko V, Racyte A, Medelis K, Skrebunas A, Baltrunas T. Abdominal aortic aneurysm diameter versus volume: A systematic review. Biomedicines. (2023) 11. doi: 10.3390/biomedicines11030941, PMID: 36979920


	 Lindquist Liljeqvist M, Hultgren R, Gasser TC, Roy J. Volume growth of abdominal aortic aneurysms correlates with baseline volume and increasing finite element analysis-derived rupture risk. J Vasc Surg. (2016) 63:1434–42.e3. doi: 10.1016/j.jvs.2015.11.051, PMID: 27106248


	 Berg KE, Ljungcrantz I, Andersson L, Bryngelsson C, Hedblad B, Fredrikson GN, et al. Elevated CD14++CD16- monocytes predict cardiovascular events. Circ Cardiovasc Genet. (2012) 5:122–31. doi: 10.1161/CIRCGENETICS.111.960385, PMID: 22238190


	 Nahrendorf M, Swirski FK. Monocyte and macrophage heterogeneity in the heart. Circ Res. (2013) 112:1624–33. doi: 10.1161/CIRCRESAHA.113.300890, PMID: 23743228


	 Hofmann A, Muglich M, Wolk S, Khorzom Y, Sabarstinski P, Kopaliani I, et al. Induction of heme oxygenase-1 is linked to the severity of disease in human abdominal aortic aneurysm. J Am Heart Assoc. (2021) 10:e022747. doi: 10.1161/JAHA.121.022747, PMID: 34622673


	 Gautier EL, Jakubzick C, Randolph GJ. Regulation of the migration and survival of monocyte subsets by chemokine receptors and its relevance to atherosclerosis. Arterioscler Thromb Vasc Biol. (2009) 29:1412–8. doi: 10.1161/ATVBAHA.108.180505, PMID: 19759373


	 Koole D, Zandvoort HJ, Schoneveld A, Vink A, Vos JA, van den Hoogen LL, et al. Intraluminal abdominal aortic aneurysm thrombus is associated with disruption of wall integrity. J Vasc Surg. (2013) 57:77–83. doi: 10.1016/j.jvs.2012.07.003, PMID: 23127983


	 Sagan A, Mrowiecki W, Mikolajczyk TP, Urbanski K, Siedlinski M, Nosalski R, et al. Local inflammation is associated with aortic thrombus formation in abdominal aortic aneurysms. Relationship to clinical risk factors. Thromb Haemost. (2012) 108:812–23. doi: 10.1160/TH12-05-0339, PMID: 22955940







Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2025 Hamann, Klimova, Kapalla, Poitz, Busch, Morawietz, Reeps and Hofmann. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fimmu-16-1621888-g002.jpg
(A)

150K

SSC-A

100K

S0K

o 50K 100K 150K 200K 250K

FSC-A

Blut_LSRI_220426_DD1051 2a,_FlowAlGoodEvents. fcs
Ungated
34928

(D).

-
o
o

©
o

Classical Monocytes
[% total monocytes]
©
(3,

o
a

Varicosis AAA

(n=32) (n=33)

(B)

250K

200K

150K

SSC-A

50K

FJComp-FITC-4

Blut_LSRIl_220426_DD1051 2a,_FlowAlGoodEvents fcs
no debris
33Ms

: MPFICD14: 28456
10 .. | mFicDis: 1a021

FJComp-PE-A

nch

252
MFI CD16: 4B4E2

(E) «

r—rrrrn|4lﬁ-rm‘

0 10 10

FJComp-PE-Cy5-A

Biut_LSRE_220426_DD1051 2a,_FlowAlGoodEvents fcs
Mano Single Cells
2736

C

Non-classical Monocytes
[% total monocytes]

Varicosis AAA

(n=32) (n=33)

(C)

0K

#K Mono Single Cells

956

SSC-H

WK

L] 50K 100K 150K 200K 250K

SSC-A

Bt _LSRI_220426_DD1051 2a,_FlowAlGoodEvents fcs
Monocytes
2862

10

FJComp-PE-A

0 104 105

FJComp-PE-CyS-A

Blut_LSRI_220426_DD1051 2a,_FlowAlGoodEvents fcs
Mono Single Cells
2736

E:

0.0185

—
o

©

Intermediate Monocytes
[% total monocytes]

Varicosis AAA

(n=32) (n=33)





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
nadjusted OR [95% CI] p-Value Adjusted OR [95% CI] p-Value

Classical monocytes [log10]

Group (ref = varicosis) 0.973 [0.958, 0.987 <0.001 0.968 [0.949, 0.987 0.001
Age (years) 0.999 [0.998, 1.000; 0.076 1.000 [0.999, 1.001 0.950
Sex (ref = female) 1.001 [0.982, 1.021 0.895 1.014 [0.994, 1.035] 0.160
PAD (ref = none) 0.987 [0.963, 1.012 0.308 1.004 [0.980, 1.029] 0.754

Non-classical monocytes [log10]

Group (ref = varicosis) 1.504 [1.019, 2.220 0.040 1.760 [1.058, 2.928] 0.030
Age (years) 1.002 [0.981, 1.024] 0.830 0.988 [0.964, 1.012] 0.331
Sex (ref = female) 1.024 [0.635, 1.652 0.921 0.784 [0.462, 1.330] 0.360
PAD (ref = none) 1.283 [0.697, 2.360 0.417 1.026 [0.537, 1.960; 0937

Intermediate monocytes [log10]

Group (ref = varicosis) 1.674 [0.988, 2.836 0.055 1.940 [0.987, 3.814] 0.054

Age (years) 1.024 [0.996, 1.053 0.091 1.007 [0.975, 1.040] 0.680
Sex (ref = female) 0.709 [0.375, 1.343 0.287 0.563 [0.279, 1.136] 0.107
PAD (ref = none) 1.203 [0.527, 2.745 0.656 0.857 [0.363, 2.024] 0.721

Monocyte subsets were analyzed using flow cytometry, and monocytes are given in % of total monocytes. Data were analyzed by multivariable regression using each of the monocyte subgroups as
a diagnostic variable for the presence of AAA disease. The monocyte counts were logarithmically transformed, and data were analyzed by multivariable linear regression using the corresponding
subset as a predictor variable. The effects of each risk factor were compared with patients in whom the risk factor was not present (ref = none). The odds ratio (OR) refers to the relative increase in
risk of AAA disease as the percentage of the subgroup increases. For sex, OR refers to men, and reference values refer to women. AAA diameter and age show the increase per unit (mm and year,
respectively). Unadjusted values were obtained by pairwise comparison of each variable listed in the table with the outcome of having an AAA. Adjusted values were analyzed by holding the
effects of the other variables constant and assuming an increase in the monocyte counts on the logarithmic scale.

OR, odds ratio; PAD, peripheral artery disease; AAA, abdominal aortic aneurysm.
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Monocyte subsets were analyzed using flow cytometry and are given in % of total monocytes. Data were log-transformed. Correlational analysis was performed using Pearson’s correlation.
Significant outliers were identified using Grubb’s outlier test and excluded from the analysis.

AAA, abdominal aortic aneurysm; ILT, intraluminal thrombus; rp, Pearson’s rank correlation coefficient. The numbers marked in bold in the table indicate significant associations or trends
in these.
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Monocyte subsets were analyzed using flow cytometry and are given in % of total monocytes.
Logistic regression was used to obtain the odds ratio of incident AAA per one-unit increase in
monocyte counts on a log scale.
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disease
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Patients with
Varicose Veins

- Venous reflux

- Diameter 250 mm

- Diameter progress = 10
mm/p.a.
- Symptomatic AAA

- Signs of chronic venous
insufficiency

Excluded: Included:

- Younger than 50 years - Patients with an iliac artery
- Signs of arterial diseases aneurysm and AAA with a

- T2D diameter > 40 mm but < 50
- Infectious diseases mm

Excluded: - Excluded:
- Thrombophlebitis - TAAA

- PAU

Controls: Patients
with Varicose Veins
n=33

Patients with AAA
n=33
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Observational study

Degrees Standardized
of freedom mean difference

Varicosis AAA Statistics

Baseline demographics

n included 33 33
Age [years] mean + SD 62.79 £ 8.15 70.29 + 941 <0.001° t=3.51 64 0.86
Sex, male:female, % male 20:13, 61 30:3, 91 0.0041° 7(2 =825 1
Hematology
Hemoglobin [mmol/L] mean + 899 +0.73 9.01 + 1.10 i

0.948 t=0.07 64 0.02
SD, n 32 33

Reference values 8.60-12.10 mmol/L

6.83 + 1.48 7.64 £ 1.68
Leukocytes [GPt/L] mean + SD, n 3 33 0.046" t=2.04 63 0.51

Reference values 3.8-9.8 GPt/L
Cardiovascular risk factors

LDL cholesterol—mmol/L, mean + = 4.18 + 1.50 3.28 £ 1.36

a =
D n 5 3 0.014° t=253 62 0.63

Reference values <1.40 mmol/L for people with very high risk

163 128
HDL cholesterol—mmol/L,

JCacesRros—mmg (1.00-2.62) (0.75-1.98) 0.015° U = 33100 071
median with range, n 31 33

Reference values >0.90 mmol/L for men and >1.10 mmol/L for women

Total cholesterol—mmol/L, mean 4.57 + 1.37 3.52+ 155

.006" =0. 2 ..
+SD.n 31 3 0.006° t=0.85 6! 071

Reference values <4.00 mmol/L

Triglycerides—mmol/L, median 116 120 .
i (043-3.88) (0.52-3.59) 0.582 U = 455.50 ol
with range, n ¢ g

Reference values 0.35-1.70 mmol/L

537 5.94
Blood glucose—mmol/L, median b
b Ext (4.30-6.81) (4.69-11.33) 0.004' U = 23850 0.84
with range, 28 30
Reference value only for fasting glucose is possible
1.30 2.65
CRP—mg/L, median with range, n | (0.50-21.30) (0.60-16.80) 0.049" U = 35350 020
31 31
Reference values <5.0 mg/L
Smoking, yesmo—% 627,18 23:10, 70 <0.001° X =1778 1
Hypertension, yes:no—% 11:22, 33 30:3, 91 <0.001¢ |
CAD, yes:no—% 0:33,0 10:23, 30 0.001¢ 1
HEF, yestno—% 1:32,3 10:23, 30 0.003¢ X =884 1
CAS, yesno—% 0:33,0 7:26, 21 0.005°¢ 1 =783 1
PAD, yes:no—% 0:33,0 8:25,24 0.003° x* =910 1
T2D, yesno—% 0:33,0 11:22, 33 <0.001° ¥ =1320 1
27.20 27.25
BMI—kg/m’, median with
e nkg/m median wi (2120-40.70)  (2030-3801) | 0.677° U =51150 0.14
8¢ 33 33
Pharmacological therapies
Statins, yes:no—% 3:29,9 249,73 <0.001° 1
ACE inhibitors, yes:no—% 3:29,9 15:18, 45 0.001° 1
ARB, yesno—% 428,13 13:20, 39 0.014° x =608 1
CCB, yes:mo—% 2:30,6 13:20, 39 0.002° $ = 1005 1
ASA, yesno—% 2:30,6 25:8,76 <0.001¢ ¥ =3232 1
B-Blocker, yes:no—% 428,13 17:16, 52 <0.001¢ »=1131 1
Anticoagulation, yes:no—9% 6:26, 19 3:30,9 0.260° = 127 1
Antiplatelet, yes:no—% 131, 3 3:30,9 0.317° 1
Diuretics, yesno—% 4:28, 13 9:24, 27 0.137¢ X =149 1
T2D treatment, yes:no—% 0:32,0 11:22,33 <0.001° x=1284 1
Insulin, yes:no—% 0:32,0 2:31,6 0.157¢ * = 2.00 1

Blood was taken in the non-fasted state. Reference values for the corresponding blood parameters are given in the table. Reference values for LDL and total cholesterol (TC) are based on the
European Society of Cardiology (ESC) recommendations. Reference values for fasting glucose were excluded due to withdrawal in the non-fasted state. Statistics: All data are presented as median
with minimum and maximum values. Comparison of continuous data was conducted using the Mann-Whitney U test or t-test. Discrete data were analyzed by the chi-square test. For t test (a), t-
statistic is reported; Mann-Whitney (b), U statistics; and chi-square (c), %°.

ACE, angiotensin-converting enzyme; ARB, angiotensin II receptor blocker; BMI, body mass index; ASA, acetylsalicylic acid; CAD, coronary artery disease; CCB, calcium channel blocker; HDL,
high-density lipoprotein; LDL, low-density lipoprotein; PAD, peripheral artery disease; T2D, type 2 diabetes mellitus; TIA, transient ischemic attack.





