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The use of atherogenic indices as a useful marker to predict cardiovascular risk in patients with spondyloarthritis
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ABSTRACT

Background: The atherogenic index of plasma (AIP), linked to cholesterol esterification and its correlation with small dense low-density lipoprotein (LDL) levels in the blood, can predict atherosclerosis and coronary heart disease. 
Methods: The study examined 45 SpA patients from the Institute of Rheumatology, RGGGH, and MMC. They underwent baseline assessments, lipid profiles, measurements, and blood tests. Atherogenic indices (AIP, Castelli's Risk I and II, atherogenic coefficient) were calculated and defined using thresholds. 
Results: In this study, most patients were males (68.9%) with a mean age of 37.73. Primary ankylosing spondylitis (AS) was (62.2%), and HLAB27 was positive in 33.3% of cases. Elevated AI was prevalent: AIP>0.11 (51.1%), CR-I>3.5 (males) or >3.0 (females) (77.8%), CR-II>3.0 (26.7%), and AC>3.0 (44.4%). Significant correlations were found between AIP and waist-hip ratio (p=0.045) and AIP and fasting blood sugar [FBS] (p=0.023). High AIP was significantly associated with metabolic syndrome (21.7%) but not high disease activity. CR-I was associated with elevated FBS levels (p=0.033). CR-II was linked to higher uric acid levels (p=0.043) and current TNF inhibitor use (p=0.041), and AC showed no significant associations with the assessed factors. 
Conclusions: This study underscores AI's role in assessing cardiovascular risk in spondyloarthritis patients. AIP, CR-I, and CR-II provide vital risk assessment and management insights. AIP effectively identifies metabolic syndrome, while increased Castelli's risk index II warrants further investigation in a broader population, especially among TNF inhibitor users. 
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INTRODUCTION
Patients with inflammatory arthritis have an increased risk of cardiovascular (CV) complications compared to the general population. This increased CV risk is likely due to traditional risk factors and inflammation.1,2 In recent years, biological therapies have emerged as a significant treatment choice for individuals with inflammatory arthritis due to their efficacy in managing inflammation. Investigating the connection between the use of biologics and CVS risk in patients with inflammatory arthritis is a crucial area of study.3 In managing CVS risk in patients with inflammatory joint disorders, the European league against rheumatism (EULAR) has proposed research into determining CVS risk levels and the impact of anti-rheumatic drugs.4
Spondyloarthritis (SpA) encompasses a range of inflammatory conditions, with ankylosing spondylitis (AS) serving as the archetype. Research such as the ASAS-COMOSPA study has revealed that conventional CVS risk factors are prevalent among individuals with SpA, and these patients are also susceptible to CVS events like stroke (1.3%) and myocardial infarction (MI) (2.7%).5 Studies in AS have demonstrated that CVS risk remains elevated in these patients even after accounting for traditional risk factors. It is imperative to quantify the excess CVS risk and identify potential factors that can be modified to inform the management of individuals with SpA.6
Rheumatoid arthritis, systemic lupus erythematosus and psoriatic arthritis have been recognised as independent contributors to cardiovascular risk. Notably, atherosclerosis-related diseases constitute the primary cause of mortality in individuals with rheumatoid arthritis.6 In axial spondyloarthritis (AxSpA), investigations about obesity, lipid profiles, and atherogenic indicators have been relatively limited.7 SpA denotes seronegative inflammatory arthritides primarily impacting the spine sacroiliac and peripheral joints.8 In addition to genetic predispositions, pro-inflammatory cytokines are implicated in the pathophysiology of SpA.9-11
In SpA patients, overweight and obesity are frequently observed and appear correlated with heightened disease activity.12 Furthermore, atherogenic indicators are elevated in SpA patients.7 Various studies have demonstrated that the atherogenic index of plasma (AIP) is a more dependable measure for assessing lipid profiles in SpA, particularly when other atherogenic risk parameters present as normal.13,14 This index exhibits predictive capabilities for cardiovascular events.
A mounting body of evidence underscores the role of inflammation in augmenting cardiovascular risk. Nonetheless, data concerning the interplay between pro-inflammatory cytokines, obesity, and lipid profiles in SpA remain scant.
The research aims to investigate the prevalence of atherogenic lipid profiles in individuals with spondyloarthritis by utilising various indices, including the atherogenic index of plasma, Castelli's risk index I, Castelli's risk index II, and the atherogenic coefficient. Additionally, the study seeks to examine the relationships between these atherogenic indices in spondyloarthritis patients.
METHODS
This cross-sectional study was conducted in spondyloarthritis (primary or secondary) at the Institute of Rheumatology, RGGGH, and MMC from April 2023 to June 2023.
Forty-five consecutive spondyloarthritis patients were included in the study. All patients underwent a screening process based on the study inclusion criteria. Approval of the ethics committee was taken before initiating the study, and informed consent was taken from the patients. 
Participants above 18 years of age were eligible for inclusion, while individuals with diabetes mellitus, diagnosed dyslipidemia under treatment, and current smokers were excluded.
Data collection
Information collected included whether the spondyloarthritis was primary or secondary, HLA B27 status, disease duration, and current and past medication. Fasting lipid profiles and fasting blood sugar levels were obtained after a 12-hour overnight fast from the selected participants. Anthropometric measurements were also recorded, including height, weight, waist circumference, and hip circumference. Routine blood investigations such as complete blood count (CBC) with erythrocyte sedimentation rate (ESR), renal function test (RFT), liver function test (LFT), uric acid, and C-reactive protein (CRP) were conducted. Disease activity and damage scores were calculated for all patients.
Atherogenic lipid index calculation
Various atherogenic lipid indices were determined using specific formulas.
Data analysis
Univariate and multivariate analyses were performed using statistical package for the social sciences (SPSS) version 23. Both parametric and non-parametric tests were employed based on the distribution of the variables.
RESULTS
In this study of spondyloarthritis patients (N=45), the majority were male (68.9%), with a mean age of 37.73 years. Primary ankylosing spondylitis (AS) in 62.2% of cases, and most patients had axial and peripheral involvement (75.6%). About one-third (33.3%) of the patients tested positive for HLA B27. The average disease duration was 6.7 years, and the mean weight, height, waist circumference, and hip circumference were 65.08 kg, 158.76 cm, 88.82 cm, and 100.68 cm, respectively. The average body mass index (BMI) was 25.16 kg/m2, and the waist-hip ratio was 0.88.
The baseline laboratory values were: the fasting blood glucose level averaged 84.52 mg/dl, total cholesterol was 170.86 mg/dl, triglycerides were 109.76 mg/dl, high-density cholesterol was 42.10 mg/dl, low-density cholesterol was 106.41 mg/dl, CRP was 14.24 mg/dl, ESR was 26.67 mm/hr, and uric acid levels averaged 5.08 mg/dl. Metabolic syndrome was present in 11.1% of patients, while anemia was 44.4%. Additionally, 40% of patients currently use TNF inhibitors as a treatment regimen (Table 1).
In spondyloarthritis patients, lipid ratios indicative of cardiovascular risk, including the atherogenic index of plasma (0.068±0.32), Castelli's risk index-I (4.376±1.978), Castelli's risk index-II (2.916±1.695), and atherogenic coefficient (3.404±1.973), exhibited values that provide important information about their potential cardiovascular health implications (Table 2).
Table 1: Baseline characteristics. 
	Baseline characteristics
	n (%) (N=45)

	Male/female 
	31 (68.9) /14 (31.1)

	Age (mean±SD)
	37.73 (±10.6)

	Primary diagnosis
	Primary AS, 28 (62.2%)

	Axial/peripheral/both involvement
	Both axial and peripheral, 34 (75.6)

	HLA B27 status
	Positive, 15 (33.3)

	Disease duration (in years) (mean±SD)
	6.7 (±5.76)

	Weight (kg)
	65.08 (±13.43)

	Height (in cm)
	158.76 (±14.93)

	Waist circumference (in cm)
	88.82 (±11.55)

	Hip circumference (in cm)
	100.68 (±10.22)

	BMI (kg/m2)
	25.16 (±4.8.1)

	Waist hip ratio
	0.88 (±0.07)

	Fasting blood glucose (mg/dl)
	84.52 (±14.25)

	Total cholesterol (mg/dl)
	170.86 (±41.04)

	Triglycerides (mg/dl)
	109.76 (±45.79)

	High-density cholesterol (mg/dl)
	42.10 (±13)

	Low-density cholesterol (mg/dl)
	106.41 (±38.98)

	CRP (mg/dl)
	14.24 (±12.64)

	ESR (mm/hr)
	26.67 (±22.09)

	Uric acid (mg/dl)
	5.08 (±1.57)

	Metabolic syndrome (present)
	5 (11.1)

	Anemia (present)
	20 (44.4)

	Current TNF inhibitor use
	18 (40)


Table 2: Lipid ratio.
	Lipid ratios
	Mean (±SD)

	Atherogenic index of plasma (log10 (TG/HDL))
	0.068 (±0.32)

	Castelli’s risk index –I (total cholesterol/HDL)
	4.376 (±1.978)

	Castelli’s risk index –II (LDL/HDL)
	2.916 (±1.695)

	Atherogenic coefficient (total cholesterol-HDL/HDL)
	3.404 (±1.973)


Atherogenic index of plasma (AIP) >0.11, with 23 patients (51.1%) falling into this category, indicating an elevated risk of atherosclerosis.
Castelli's risk index I >3.5 for males and >3.0 for females, with 35 patients (77.8%) exceeding these thresholds, suggesting an increased risk of coronary artery disease.
Castelli's risk index II >3.0 was observed in 12 patients (26.7%), indicating an elevated cardiovascular risk.
Atherogenic coefficient >3.0, with 20 patients (44.4%) having values above this threshold, signifying a higher risk of cardiovascular issues associated with an imbalanced cholesterol profile (Table 3).
Table 3: Elevated values for atherogenic indices.
	Definition of high values for each atherogenic indices
	N (patients with high values) (%)

	AIP >0.11
	23 (51.1)

	Castelli’s risk index I >3.5 for males, >3.0 for females
	35 (77.8)

	Castelli’s risk index II >3.0 
	12 (26.7)

	Atherogenic coefficient >3.0
	20 (44.4)


Bivariate analysis 
The study examined the interactions between various variables and determined their significance levels. The product of the atherogenic index of plasma (AIP) and waist-hip ratio (WHR) yielded a value of 0.301, with a statistically significant p value of 0.045. Conversely, the interaction between AIP and body mass index (BMI) resulted in a value of 0.067, demonstrating a non-significant p-value of 0.662. AIP combined with fasting blood sugar (FBS) produced a value of 0.339, and this interaction was found to be statistically significant with a p value of 0.023. Lastly, the product of AIP and uric acid (UA) generated a value of 0.221, with a non-significant p-value of 0.144. These results highlight the varying degrees of association between AIP and physiological variables, providing valuable insights into potential relationships.
The study examined various factors and their proportions within the high and low AIP groups. Among those with high AIP (N=23), 21.7% had metabolic syndrome, whereas none in the low AIP group (n=22) exhibited this condition, resulting in a statistically significant p value of 0.049. High disease activity was present in 91.3% of the high AIP group, compared to 77.3% in the low AIP group, but this difference was not statistically significant (p value=0.243). 
A higher proportion of patients in the high AIP group were current TNF users, although the results did not reach statistical significance (Table 4).
Fasting blood glucose levels were significantly higher in the high CRI-1 group (87.07) compared to the low CRI-1 group (75.06) with a p-value of 0.033, suggesting a potential association between higher blood glucose and elevated CRI-1.
Uric acid levels did not show a significant difference between the high CRI-1 (5.131) and low CRI-1 (4.910) groups (p value: 0.968).
ESR levels were also not significantly different between the two groups, with the high CRI-1 group having an average of 23.89 and the low CRI-1 group having an average of 36.40 (p value: 0.262).
CRP levels exhibited no significant difference, as the high CRI-1 group had an average of 14.680, while the low CRI-1 group had an average of 12.7 (p value: 0.352).
BMI showed a trend towards significance, with the high CRI-1 group having a higher mean BMI (25.851) than the low CRI-1 group (22.750), although the p value was 0.088.
The waist-hip ratio did not significantly differ between the high CRI-1 (0.8863) and low CRI-1 (0.8660) groups, with a p value of 0.411 (Table 5).
Table 4: Chi-square test comparison for metabolic factors.
	[bookmark: _Hlk139496200]Factors
	Proportion within high AIP N=23 (% within high AIP)
	Proportion within low AIP (n=22) (% within low AIP)
	P value

	Metabolic syndrome
	5 (21.7)
	0 (0)
	0.049

	High disease activity
	21 (91.3)
	17 (77.3)
	0.243

	Current TNF (i) use
	10 (43.5)
	8 (36.4%)
	0.763


Table 5: CR-1 index comparison with factors.
	[bookmark: _Hlk139491106]Factors
	Mean in high CRI-1 (n=35)
	Mean in low CRI-(n=10)
	P value (Mann Whitney U)

	Fasting blood glucose
	87.07
	75.06
	0.033

	Uric acid
	5.131
	4.910
	0.968

	ESR
	23.89
	36.40
	0.262

	CRP
	14.680
	12.7
	0.352

	BMI
	25.851
	22.750
	0.088

	Waist hip ratio
	0.8863
	0.8660
	0.411


The proportion of patients with metabolic syndrome was 14.3% in the high CRI-I group and 0% in the low CRI-I group, but this difference did not reach statistical significance (p value: 0.571).
High disease activity was observed in 76.3% of patients in the high CRI-I group and 90% in the low CRI-I group, with no significant difference between the two groups (p value: 0.506).
Current use of TNF inhibitors was reported by 42.9% of patients in the high CRI-I group and 30% in the low CRI-I group, and this difference was not statistically significant (p value: 0.716) (Table 6).
Table 6: CRI-1 index comparison.
	Factors
	Proportion within high CRI- (n=35) I (%)
	Proportion within low CRI-I (n=10) (%)
	P value

	Metabolic syndrome
	5 (14.3)
	0 (0)
	0.571

	High disease activity
	29 (76.3)
	9 (90)
	0.506

	Current TNF (i) use
	15 (42.9)
	3 (30)
	0.716


Fasting blood glucose levels did not significantly differ between the high CRI-II group (85.58) and the low CRI-II group (84.14), with a p value of 0.551.
Uric acid levels were significantly higher in the high CRI-II group (6.067) than in the low CRI-II group (4.724), with a p value of 0.043, suggesting a potential association between elevated uric acid levels and high CRI-II.
ESR levels were not significantly different between the two groups, with the high CRI-II group having an average of 18.42 and the low CRI-II group having an average of 29.67 (p value: 0.268).
CRP levels also showed no significant difference, as the high CRI-II group had an average of 14.61, while the low CRI-II group had an average of 14.11 (p value: 0.830).
BMI and waist-hip ratio did not exhibit significant differences between the two groups, with p-values of 0.810 and 0.518, respectively (Table 7).
Table 7: CRI-II index comparison.
	[bookmark: _Hlk139495789]Factors
	Mean in high CRI-II (N=12)
	Mean in low CRI-II (N=33)
	P value (Mann Whitney U)

	Fasting blood glucose
	85.58
	84.14
	0.551

	Uric acid
	6.067
	4.724
	0.043

	ESR
	18.42
	29.67
	0.268

	CRP
	14.61
	14.11
	0.830

	BMI
	25.54
	25.02
	0.810

	Waist hip ratio
	0.903
	0.874
	0.518


The proportion of patients with metabolic syndrome was 16.7% in the high CRI-II group and 9.1% in the low CRI-II group, which was not statistically significant (p value: 0.598).
High disease activity was observed in 91.7% of patients in the high CRI-II group and 81.8% in the low CRI-II group, with no significant difference between the two groups (p value: 0.655).
Current use of TNF inhibitors was reported by 66.7% of patients in the high CRI-II group and 30.3% in the low CRI-II group, and this difference was statistically significant (p value: 0.041), suggesting a potential association between TNF inhibitor use and high CRI-II (Table 8).
Table 8: Comparison of CR-II index with metabolic factors.
	Factors
	Proportion within high CRI-II (n=12) (%)
	Proportion within low CRI-II (n=33) (%)
	P value

	Metabolic syndrome
	2 (16.7)
	3 (9.1)
	0.598

	High disease activity
	11 (91.7)
	27 (81.8)
	0.655

	Current TNF (i) use
	8 (66.7)
	10 (30.3)
	0.041


Fasting blood glucose levels did not significantly differ between the high AC group (84.73) and the low AC group (84.36), with a p value of 0.732.
Uric acid levels also did not exhibit a significant difference between the two groups, with the high AC group having a mean uric acid level of 5.545 and the low AC group having a mean of 4.712 (p value: 0.213).
ESR levels were not significantly different between the high AC group (22.65) and the low AC group (29.88), with a p value of 0.680.
CRP levels showed no significant difference, as the high AC group had an average CRP level of 12.215, while the low AC group had an average of 15.860 (p value: 0.451).
BMI and waist-hip ratio did not exhibit significant differences between the two groups, with p values of 0.810 and 0.890, respectively (Table 9).
The proportion of patients with metabolic syndrome was 20% in the high AC group and 4% in the low AC group, but this difference did not reach statistical significance (p value: 0.155).
High disease activity was observed in 85% of patients in the high AC group and 84% in the low AC group, with no significant difference between the two groups (p value: 1.00).
Current use of TNF inhibitors was reported by 50% of patients in the high AC group and 32% in the low AC group, and this difference was not statistically significant (p value: 0.179) (Table 10).
Table 9: Atherogenic coefficient comparison with factors.
	Factors
	Mean in high AC (n=20)
	Mean in low AC (n=25)
	P value (Mann Whitney U)

	Fasting blood glucose
	84.73
	84.36
	0.732

	Uric acid
	5.545
	4.712
	0.213

	ESR
	22.65
	29.88
	0.680

	CRP
	12.215
	15.860
	0.451

	BMI
	25.275
	25.072
	0.810

	Waist hip ratio
	0.885
	0.879
	0.890


Table 10: AC comparison with metabolic syndrome and disease activity for spondylarthritis.
	Factors
	Proportion within high AC (N=20) (%)
	Proportion within low AC(N=25) (%)
	P value

	Metabolic syndrome
	4 (20)
	1 (4)
	0.155

	High disease activity
	17 (85)
	21 (84)
	1.00

	Current TNF (i) use
	10 (50)
	8 (32)
	0.179


DISCUSSION
The present study comprehensively analyses baseline characteristics and atherogenic indices in a cohort of 45 individuals with spondylarthritis. Among the participants, the majority were male (68.9%), with a mean age of 37.73 years. Primary ankylosing spondylitis (AS) was the predominant diagnosis (62.2%), and a noteworthy proportion displayed involvement in both axial and peripheral joints (75.6%). HLA B27, a genetic marker linked to spondylarthritis, was noted in 33.3% of the cases. The average disease duration was 6.7 years, indicating a chronic disease course. Anthropometric measurements revealed a slightly elevated mean BMI of 25.16 kg/m², with waist and hip circumference averaging 88.82 cm and 100.68 cm, respectively. Notably, several lipid ratios, including the AIP, Castelli's risk indices I and II, and atherogenic coefficient, were calculated, providing valuable insights into the cardiovascular risk profile of the study population. Slouma et al also reported similar study findings where a mean age of 46±11.9 was reported among 45 patients. The study also reported a mean BMI of 25.7±5.1 based on the patient's findings, which was almost similar to our study findings.16 In addition, a study conducted by Fernandez-Macias et al among 340 women with AS demonstrated a high BMI among patients with a mean age of 46±17.0, similar to our study findings.17 
Accurately identifying spondyloarthritis patients at risk of cardiovascular diseases (CVD) faces a significant challenge, especially in low-income and middle-income countries where cost-effective tools are essential. The study conducted by Fernandez-Macias et al assessed well-known CVD biomarkers, including ADMA, FABP4, AIP, Framingham risk score, and Castelli’s risk index, to identify a suitable, cost-effective, rapid, specific, and non-invasive tool for predicting CVD events in developing nations. This suggests that AIP holds promise as an effective tool for CVD prognosis in resource-limited settings.17
Importantly, atherogenic indices were assessed, and specific thresholds were defined for elevated values. These thresholds included an AIP greater than 0.11in 51.1% of patients (23/45), CR-I exceeding 3.5 for males including 77.8% of patients (28/36) or 3.0 for females with 77.8% (7 out of 9 females), CR-II surpassing 3.0 with 26.7% of patients (12/45), and an AC greater than 3.0 was reported in 44.4% of patients (20/45), respectively. These indices serve as critical indicators of cardiovascular risk in spondyloarthritis patients. 
Furthermore, bivariate analysis examined potential associations between AIP and various physiological variables. The results revealed significant correlations between AIP and waist-hip ratio (0.301, p value 0.045) and AIP and fasting blood sugar (0.339, p value 0.023). These findings suggest potential links between lipid metabolism, body composition, and metabolic parameters. This underscores the importance of considering these interrelationships in assessing cardiovascular risk among spondyloarthritis patients. A significant correlation between the waist-hip ratio and AIP (was also reported by Fernandez-Macias (p value <0.05), where ADMA and FABP4 were included in the analysis.17 Similar study results were also reported by Cure et al., where certain factors, including lipid levels, BMI, and disease duration, were compared among patients.18 Our study findings included elevated levels of lipid profile among AS cases, which was also similar to the study conducted by Malesci et al where the lipid profile analysis demonstrated elevated levels of LDL and TG/HDL ratios in patients diagnosed with ankylosing spondylitis (AS) compared to the healthy control subjects. Conversely, patients with AS exhibited lower levels of high-density lipoprotein (HDL) compared to their healthy counterparts. These lipid abnormalities may signify an increased risk of cardiovascular complications in individuals with AS, underlining the importance of monitoring and managing lipid profiles in this patient population.19
When exploring the association between atherogenic indices and metabolic factors, all the individuals with metabolic syndrome in spondyloarthritis had a high AIP. This suggested that AIP could accurately pick up patients with metabolic syndrome, similar to previous studies. However, the study did not find significant differences in the two groups' high disease activity and body mass index.18
Additionally, when examining the impact of Castelli's risk index I (CRI-I), it was observed that fasting blood glucose levels were significantly higher in the high CRI-I group (mean=87.07 mg/dl) compared to the low CRI-I group (mean=75.06 mg/dl), with a p value of 0.033. This suggests a potential association between elevated fasting blood glucose and atherogenic risk. Conversely, uric acid levels, ESR, and CRP displayed no significant differences between the groups (p=0.968, p=0.262, and p=0.352, respectively). Furthermore, no significant associations were found between metabolic syndrome, high disease activity, TNF inhibitor use, and CRI-I levels. These findings underscore the potential role of fasting blood glucose levels as an important marker in assessing atherogenic risk in patients with AS. The outcomes of our investigation align with the data. Specifically, the levels of triglycerides (TG) exhibited a statistically significant difference (p=0.005), alongside erythrocyte sedimentation rate (ESR) (p<0.001) and C-reactive protein (CRP) (p<0.001), all of which were elevated in the ankylosing spondylitis (AS) group compared to the control group. In contrast, haemoglobin (Hb) values were lower in the AS group than in the control group. Notably, the remaining biochemical parameters demonstrated comparable values between both cohorts.18 However, this was not similar to the findings of Filho et al where a notable escalation in TG levels was observed (p=0.03). The median difference between the initial and subsequent TG measurements was 16 mg/dl, and this elevation was not correlated with gender, duration of use, indication for use, or specific type of anti-TNF-α treatment (P=NS). This led to the conclusion that the administration of anti-TNF-α is linked with elevated TG values.20
In the case of Castelli's risk index II, uric acid levels were significantly higher in the high CRI-II group, implying a potential link between elevated uric acid levels and atherogenic risk. However, the two groups observed no significant differences in fasting blood glucose, ESR, CRP, BMI, or waist-hip ratio. Similarly, metabolic syndrome and high disease activity showed no significant associations with CRI-II levels. The study conducted by Tecer et al reported AIP, AC, TG/HDL, CRI-1, CRI-2, and ca-LDL levels were similar between groups. In the PSA group, CIMT was positively correlated with HOMA-IR, TG/HDL and AIP. Although ca-LDL was positively correlated with serum amyloid A (SAA) (r=0.744, p<0.001), no correlation was detected between ca-LDL and CIMT (r=0.215, p=0.195).21
Finally, the study examined the atherogenic coefficient and its potential associations with various factors. Interestingly, no significant differences were observed between individuals with high and low AC regarding fasting blood glucose, uric acid levels, ESR, CRP, BMI, or waist-hip ratio. Additionally, no significant associations were found between metabolic syndrome, high disease activity, TNF inhibitor use, and AC levels. Similar findings were reported by Fernandez-Marcia et al, Cure et al, and Tecer et al.17,18,21
This study provides valuable insights into the cardiovascular risk profile of individuals with spondylarthritis. The findings suggest that specific atherogenic indices, such as AIP, Castelli's risk indices I and II, and atherogenic coefficient, can serve as important indicators of cardiovascular risk in this population. Additionally, associations between these indices and metabolic factors, disease activity, and TNF inhibitor use were explored. These results may have clinical implications for risk stratification and management strategies in individuals with spondylarthritis, highlighting the importance of monitoring lipid profiles and metabolic parameters in this patient population. Further research and longitudinal studies are warranted to confirm and expand upon these findings.
CONCLUSION 
Spondyloarthritis patients are at increased risk of cardiovascular disease, even without traditional risk factors. Traditional lipid ratios and atherogenic indices, such as the atherogenic index of plasma (AIP), may be elevated in these patients. AIP identified all patients with metabolic syndrome in the study population, suggesting that it may be useful for identifying spondyloarthritis patients at increased risk of cardiovascular disease. Additionally, current TNF inhibitor therapy patients had higher Castelli's risk index II, a cardiovascular risk marker. This finding is consistent with previous studies showing that TNF inhibitor therapy may increase cardiovascular risk in spondyloarthritis patients.
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