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Background: Abdominal aortic aneurysm (AAA) is a life-threatening condition in the elderly population. The insidious nature of AAA onset makes early detection difficult. Currently, there are few studies on changes in laboratory parameters during AAA development.



Methods: This study included 55 elderly patients with AAA who were admitted to the Department of Vascular Medicine, Shougang Hospital, Peking University 2021–2022. Propensity score matching (PSM) in a 1:1 ratio was performed to match the 55 patients and 1,031 controls. In this population of AAA, correlation and regression analyses were used to explore the association between the level of inflammation and each laboratory parameter.



Results: Compared to the control group, significant differences in inflammatory markers, transaminase and bilirubin levels, blood urea nitrogen (BUN) and creatinine (Cr) levels, and ankle-brachial index were found in the aneurysm group. After PSM, the differences between the two groups for each parameter remained statistically significant. Correlation and regression analyses showed a weak positive correlation between the inflammatory index and the BUN and Cr levels (correlation coefficient = 0.22).



Conclusions: Our study demonstrates the presence of a highly inflammatory state and damage to various organs in patients with AAA. This hyperinflammatory state may be associated with kidney injury and is a cause of concern.
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Introduction

Abdominal aortic aneurysm (AAA) is a serious vascular disease with a prevalence that increases with age and is particularly significant in the elderly population (1, 2). The incidence of AAA is higher in males than in females, and tends to increase annually (3, 4). Smoking, hypertension, coronary heart disease (CHD), and genetics are known risk factors for AAA (5, 6). An aneurysm is formed when the abdominal aorta undergoes permanent restrictive dilatation with an increase in vessel diameter greater than 50%, and the larger the diameter of the aneurysm, the greater the risk of rupture (2, 7). AAA has no obvious symptoms in the early stages, but pain, nausea, and vomiting may occur when the aneurysm increases in size (8, 9). The diagnosis of AAA is dependent on imaging, and early detection and diagnosis are key to its treatment (10).

Inflammation is the defensive response of the body to stimuli (11, 12). Inflammation plays an important role in the development of cardiovascular disease (13). Laboratory tests, including routine blood tests, C-reactive protein, blood sedimentation, and other inflammatory indicators, can assess the inflammatory status of the body (14). When the body releases large amounts of inflammatory mediators and cytokines, this hyperinflammatory state triggers a series of clinical signs and symptoms (15). Previous studies have shown that a more severe preoperative inflammatory response in patients with AAA can lead to an increase in postoperative complications, thereby affecting patient prognosis (16, 17). However, although studies have focused on the relationship between preoperative inflammatory response and prognosis in AAA, there is still a relative lack of studies on the association between preoperative inflammatory response and changes in organ function in AAA. This study aimed to investigate the relationship between preoperative inflammatory markers of AAA and various laboratory parameters and to assess functional changes in the organ.



Methods


Data source and study design

The population for this analysis was derived from patients with AAA admitted to the Department of Vascular Medicine at Shougang Hospital of Peking University, and the diagnosis of AAA was confirmed after rigorous imaging evaluation. AAA was diagnosed in patients with more than 50% increase in abdominal aortic diameter on the imaging report, and 55 patients who came to the hospital from February 2021 to December 2022 were finally included. More than 90% of these patients had taken antihypertensive and lipid-lowering medications prior to diagnosis. The control population for AAA, also from this vascular department, was selected from those who came to the clinic between 2011 and 2015 but whose imaging assessment was not an aneurysm, and a total of 1,031 were included. The Ethics Committee of Shougang Hospital of Peking University approved the study protocol. All the participants provided written informed consent.



Variable collection

The medical registration of patients with AAA and the control population was verified by two physicians to collect information about the participants' sex, age, smoking habits, and previous illnesses. Current smoking was defined as having smoked > 100 cigarettes in a lifetime and currently still smoked daily (18). The diagnosis of previous diseases, such as hypertension, diabetes, and CHD, depended on the participant being told by a doctor or being on relevant medication themselves (19).

Anthropometric measurements were performed by physicians in the department. Body mass index (BMI) was determined by dividing the participant's weight in kilograms by the square of height in meters. Brachial and ankle artery systolic blood pressure (SBP) measurements were performed for each participant using a mercury sphygmomanometer, and the ankle-brachial index (ABI) was determined by dividing the highest ankle artery SBP by the highest brachial artery SBP. Before performing the measurements, the participants were asked to rest in the supine position for at least 10 min while ABI was measured on the right and left sides. The ABI of the participants in the study was calculated as the mean of the left and right sides. ABI reflects the peripheral vascular function (20).

After overnight fasting, venous blood samples were collected from the participants to measure various biochemical markers, including C-reactive protein (CRP), alanine transaminase (ALT), aspartate transaminase (AST), blood urea nitrogen (BUN), creatinine (Cr), total bilirubin (TBil), and direct bilirubin (DBil). CRP, ALT, AST, BUN, Cr, TBil, and DBil levels were measured in the laboratory of the Shougang Hospital of Peking University using standard methods. ALT, AST, TBil, and DBil levels reflect liver function. BUN and Cr levels reflect renal function. The venous blood was divided into different tubes according to the requirements of the laboratory, and then tested using a fully automated biochemical analyzer (Hitachi 7,170) manufactured by Hitachi, Tokyo, Japan, based on the principle of spectrophotometry. Platelet, neutrophil, and lymphocyte counts were obtained from all participants. Systemic immune inflammatory index SII = platelet count (×10−9/L) × absolute neutrophil count (×10−9/L)/absolute lymphocyte count (×10−9/L) (21). CRP and SII levels reflect the systemic inflammatory status of the participants (22).



Statistical analysis

Data processing and statistical analyses were performed using IBM SPSS version 27 and R software version 4.3.2. Plotting was performed using the R software and GraphPad Prism version 9.5.1. Categorical variables were expressed as frequencies and percentages. Continuous variables showing a normal distribution were expressed as mean ± standard deviation, while continuous variables showing a skewed distribution were expressed as medians and interquartile ranges. Because SII showed a skewed distribution, all SII values were converted to logarithmic values with a base of 10 and expressed using LogSII, which is normally distributed. The chi-square test was used to compare categorical variables. In addition, the independent t-test and Mann–Whitney test were used to compare normally and non-normally distributed continuous variables, respectively.

In the present study, propensity score matching (PSM) was performed in a 1:1 ratio without replacement using the MatchIt R software package (version 11). Matching was performed using the nearest-neighbor principle, which matches patients with aneurysm and control populations based on propensity scores calculated from a combination of variables. This rigorous approach ensured that the case and control groups were effectively balanced in terms of their propensity scores. Variables used to calculate the propensity score included sex, age, BMI, smoking history, and history of previous disease (23), thus accounting for key factors that may have influenced the results of the study.

After PSM, histograms and densitograms were used to compare the levels of inflammation between the case and control groups. Correlation and regression analyses were used to analyze the association between inflammatory indicators and each laboratory parameter in the case group. Statistical p-value < 0.05.




Results


Characteristics of the study population

The clinical and laboratory characteristics of the AAA and control groups are shown in Table 1. 55 patients had a mean age of 75.0 ± 8.2 years, whereas 1,031 controls had a mean age of 64.2 ± 12.1 years, and the proportion of males was higher in the case group than in the control group. This is consistent with epidemiological data on AAA. History of smoking and hypertension was statistically different between the two groups. CRP and SII levels were compared between the two groups, and inflammation levels were significantly higher in the case group than in the control group. There were statistically significant differences in ALT, AST, BUN, Cr, TBil, DBil levels, and ABI. Compared with the control group, the case group may have impaired liver, kidney, and vascular functions.


TABLE 1 Basic characteristics of the study population according to state of disease.
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Propensity-matched analysis

Table 2 shows the clinical and laboratory characteristics of the AAA and control groups after the PSM. The mean age of the 52 patients was 74.8 ± 8.2 years, whereas that of the 52 controls was 73.7 ± 9.6 years. Statistically insignificant differences in sex ratio, smoking history, and history of hypertension were observed in the case group compared with the control group, which in turn attenuated the interference of relevant factors in the comparison of inflammation levels between the two groups. Comparison of CRP and SII levels between the two groups showed that the inflammation level in the case group remained significantly higher than that in the control group. Statistically significant differences were found in ALT, AST, Cr, and DBil levels, and ABI. Statistical differences in BUN and TBil levels were attenuated in both the groups. Figure 1 shows LogSII to represent the level of inflammation, demonstrating the hyperinflammatory state of the patient group.


TABLE 2 Basic characteristics of the study population according to state of disease after propensity score matching (1:1).
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FIGURE 1
Comparison of inflammation levels between the two groups. Red represents the abdominal aortic aneurysm group, blue represents the control group. Graph A is a histogram of the level of inflammation. Graph B is a density map of the level of inflammation. The horizontal axis is the logarithm of SII. SII, systemic immune-inflammation index.




Correlation and regression analysis

Figure 2 shows the correlation analysis between LogSII and ALT, AST, BUN, Cr, TBil, DBil, and ABI in the case group. The highest correlation was found between LogSII and BUN and Cr levels, with a correlation coefficient of 0.22, but the correlation remained weak. Linear regression can further quantify the trend between the two variables. Figure 3 shows the linear regression between LogSII and BUN and Cr; as LogSII increased, BUN and Cr both increased to varying degrees.
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FIGURE 2
Correlation graph between the laboratory indicators in the abdominal aortic aneurysm group. The size of the circle represents the strength of the correlation. Red represents a positive correlation, while blue represents a negative correlation. SII, systemic immune-inflammation index; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; Cr, creatinine; TBil, total bilirubin; DBil, direct bilirubin.
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FIGURE 3
Linear regression analysis between inflammation levels and laboratory indicators. Graph A illustrates the linear regression relationship between LogSII and BUN. Graph B illustrates the linear regression relationship between LogSII and Cr. The equation for linear regression is shown at the top of the image. SII, systemic immune-inflammation index; BUN, blood urea nitrogen; Cr, creatinine.





Discussion

Our study compared the laboratory parameters between the AAA and control groups. Inflammation, transaminase, bilirubin, and Cr levels were significantly higher in the case group than in the control group, and these indices were statistically significant between the two groups before and after PSM. There was a positive correlation between inflammation level and renal function evaluation parameters in the case group, and it is possible that there was an increased risk of kidney injury in the high inflammatory state. However, linear regression analysis of the level of inflammation and renal function evaluation parameters in the case group showed a non-significant relationship, which may be related to the state of AAA where the renal blood supply is affected, among other things.

To the best of our knowledge, this study is the first to investigate the association between preoperative inflammatory status and organ damage in AAA patients. PSM was also used to attenuate the interference of confounding factors between the case and control groups. Few clinical studies have been conducted on AAA. In a study of 79 patients with AAA who underwent endovascular aneurysm repair, Shalaby SY et al. found that patients with preoperative systemic inflammation experienced more postoperative complications (17). Windsor et al. selected 20 patients with AAA and 20 controls for their study and found that a higher intensity of exercise induced a decrease in inflammatory factors in patients with AAA, such as matrix metalloproteinase-9 (MMP-9) and tumor necrosis factor alpha (TNF-α) (24). Golledge J et al. collected data on 997 elderly male patients with AAA and found that the patients had higher levels of the inflammatory mediator angiopoietin-2, and that increased angiopoietin-2 was associated with increased risk of cardiovascular death (25). In a retrospective study of 373 patients undergoing elective endovascular aortic aneurysm repair, King AH et al. found that patients with an elevated preoperative neutrophil-lymphocyte ratio (NLR) had an increased risk of postoperative mortality (26). A survey of 99 postoperative AAA patients by Muehling et al. found that perioperative advanced nursing care significantly reduced the rates of systemic inflammatory response syndrome (SIRS) and organ failure (27). Our study found that most patients with AAA had a history of hypertension and were on antihypertensive and lipid-lowering medications, and therefore rational control of blood pressure may be beneficial to the stabilization of the patient's condition.

Inflammation is a central factor in the development of AAA (28). Primary inflammation of the vessel wall leads to progressive dilatation of the abdominal aorta (29). After the formation of an AAA, the inflammatory response may be further exacerbated by a series of pathological changes that may occur in the surrounding tissues and vessel walls, such as thickening of the vessel wall, fibrosis, and infiltration of inflammatory cells (30). AAA is a local autoimmune response, and complement activation amplifies the inflammatory response (31). When lipids in the aneurysmal plaque leak into the surrounding tissues, they act as allergens that trigger an immune response, leading to inflammation (32). In addition, embolization of aortic trophoblastic vessels may trigger intima-media damage, accompanied by an inflammatory response (33). Lymphatic stasis and retroperitoneal edema due to lymphatic vessel compression also play roles in the inflammatory response (34). In patients with AAA, the inflammatory response is exacerbated by a history of smoking and hypertension (35).

Inflammation is the body's defense response to external stimuli, which is beneficial to the body; however, the function of all organs in the body is damaged in a state of high inflammation (36). In a state of high inflammation, a large number of inflammatory and anti-inflammatory factors are distributed to tissues and organs throughout the body via blood circulation (37). These factors act on the capillary wall, leading to damage to capillary endothelial cells and resulting in microcirculation disorders (38). Microstructural changes occur in organs, such as thickening of the vessel wall, narrowing of the lumen, and fibrosis. These changes, in turn, affect the normal function of the organs (37, 38). Kidney damage results in decreased urine output and increased blood Cr levels (39). Liver damage causes jaundice and elevated transaminase levels (40). Therefore, preoperative monitoring of the patient's inflammation level may help to protect the organs, and the development of a timely and dynamic monitoring device in the future will be more useful for the preoperative preparation of the patient.

This study has several limitations. First, as this was a cross-sectional survey study, it was not possible to clarify the relationship between dynamic changes in inflammation levels and organ damage. Second, although the interference of relevant confounders, such as smoking history and history of previous diseases, was attenuated by PSM, other confounders, such as drug use, could not be avoided. Third, the values of transaminase, bilirubin, BUN, and Cr used in our assessment of hepatic and renal function were based on the results on the day of the study, which may be confounded by a variety of factors. Fourth, the population we studied was single-center and had a limited sample size, and we did not investigate multicenter data, and the results may have been limited in extensibility.



Conclusions

In conclusion, patients with AAA have a hyperinflammatory state preoperatively, and a hyperinflammatory response may be associated with organ damage. Therefore, preoperative monitoring and attention to inflammatory markers and changes in organ function are advocated.
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