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Abstract
Background
The atherogenic index of plasma (AIP) has been demonstrated to be significantly associated with the incidence of prediabetes and diabetes.  This study aimed to investigate the association between the AIP and undiagnosed diabetes in acute coronary syndrome (ACS) patients.

Methods
Among 113,650 ACS patients treated with coronary angiography at 240 hospitals in the Improving Care for Cardiovascular Disease in China-ACS Project from 2014 to 2019, 11,221 patients with available clinical and surgical information were included. We analyzed these patients’ clinical characteristics after stratification according to AIP tertiles, body mass index (BMI) and low-density lipoprotein cholesterol (LDL-C) levels.

Results
The AIP was independently associated with a greater incidence of undiagnosed diabetes. The undiagnosed diabetes was significantly greater in the T3 group than in the T1 group after adjustment for confounders [T3 OR 1.533 (1.199–1.959) p < 0.001]. This relationship was consistent within normal weight patients and patients with an LDL-C level ≥ 1.8 mmol/L. In overweight and obese patients, the AIP was significantly associated with the incidence of undiagnosed diabetes as a continuous variable after adjustment for age, sex, and BMI but not as a categorical variable. The area under the receiver operating characteristic curve (AUC) of the AIP score, triglyceride (TG) concentration, and HDL-C concentration was 0.601 (0.581–0.622; p < 0.001), 0.624 (0.603–0.645; p < 0.001), and 0.493 (0.472–0.514; p = 0.524), respectively. A nonlinear association was found between the AIP and the incidence of undiagnosed diabetes in ACS patients (p for nonlinearity < 0.001), and this trend remained consistent between males and females. The AIP may be a negative biomarker associated with undiagnosed diabetes ranging from 0.176 to 0.738.

Conclusion
The AIP was significantly associated with the incidence of undiagnosed diabetes in ACS patients, especially in those with normal weight or an LDL-C level ≥ 1.8 mmol/L. A nonlinear relationship was found between the AIP and the incidence of undiagnosed diabetes, and this trend was consistent between male and female patients. The AIP may be a negative biomarker associated with undiagnosed diabetes and ranges from 0.176 to 0.738.
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Introduction
Diabetes mellitus (DM) is a major chronic disease with serious public health and economic consequences that affects more than 400 million people worldwide [1]. Type 2 diabetes mellitus (T2DM) is the most common manifestation of DM and accounts for approximately 90–95% of all diabetes cases worldwide [2]. T2DM is characterized by gradual and asymptomatic onset and can remain undiagnosed for many years, during which various micro- and macrovascular complications may develop, progress, and remain unchecked [3]. In patients with DM, there is a two- to fourfold increased risk of developing coronary artery disease (CAD) [4]. Diabetes seems to eliminate the protective benefits of hormones against CAD in women [5]. Patients with T2DM also have hypertension, dyslipidemia, obesity, endothelial dysfunction and prothrombotic factors, called ‘metabolic syndrome’ [6, 7]. The incidence of CAD is greater among diabetic patients than among nondiabetic patients, and the mortality rate, including sudden death, is significantly greater among diabetic patients after a cardiac event than among nondiabetic patients [8]. Therefore, not only preventing the development of cardiovascular damage in DM patients but also detecting hyperglycemia progression in patients with CAD are necessary. In recent years, several studies have indicated that acute hyperglycemia, indicated by the stress–hyperglycemia ratio (SHR), is associated with poor in-hospital and long-term prognoses in acute coronary syndrome (ACS) patients [9–11]. However, in routine medical work for ACS, glycated hemoglobin (HbA1c) is not included in regular tests or oral glucose tolerance tests (OGTTs), which may limit the detection of high-risk patients.
Recently, it has been proposed that the atherogenic index of plasma (AIP), which is calculated via the logarithm of the molar concentration of triglycerides (TGs) and high-density lipoprotein cholesterol (HDL-C) [12], is associated with the incidence of prediabetes and diabetes. Prediabetes is a condition in which blood glucose parameters are above normal but below the threshold for diabetes, and it is a high-risk factor for developing diabetes [13, 14]. A retrospective cohort study included 100,069 Chinese adults and analyzed the relationship between the AIP and the risk of prediabetes; the results showed that the AIP was positively and nonlinearly associated with the risk of prediabetes after adjusting for confounding factors [15]. In another cross-sectional study among 10,099 American adults, a higher AIP was significantly associated with an increased incidence of prediabetes and diabetes, and the above relationships occurred only among women [16]. On the other hand, the AIP is reportedly correlated with the degree of insulin resistance, which can also indicate the degree of abnormal glucose metabolism [17]. These data show the relationship between the AIP and abnormal glucose metabolism. Lipid management has been widely acknowledged in routine examination and treatment of CAD patients; therefore, the AIP may help clinicians recognize those with abnormal glucose metabolism to further perform HbA1c tests and OGTTs.
However, no study has been conducted to explore the relationship between the AIP and undiagnosed DM in patients with ACS and different body mass indexes (BMIs), including underweight, normal weight, overweight, and obese individuals. Therefore, we conducted this study to determine this relationship.

Methods
Patient population
As a collaborative initiative of the American Heart Association and the Chinese Society of Cardiology to improve the quality of care for ACS patients, the Improving Care for Cardiovascular Disease in China (CCC)-Acute Coronary Syndrome Project (CCC-ACS) is a nationwide quality improvement project involving 150 tertiary hospitals in China that was initiated in November 2014. Since 2017, the CCC-ACS Project has been extended to 82 secondary hospitals and 8 tertiary hospitals. Detailed information on the study design has been published previously [18]. The CCC-ACS was approved by the institutional review board of Beijing Anzhen Hospital, and the requirement for informed consent was waived. This study complied with the Declaration of Helsinki and is registered at the following URL: https://​clinicaltrial.​gov (unique identifier: NCT02306616). In this study, a total of 113,650 ACS patients from 241 hospitals in China were enrolled from 1 November 2014 to 31 December 2019. The inclusion and exclusion criteria are shown in Fig. 1. The final sample consisted of 11,221 ACS patients. We divided the final enrolled participants into three groups according to the tertiles of the AIP as follows: T1 group (AIP < 0.052, n = 3741); T2 group (0.052 ≤ AIP ≤ 0.303, n = 3740); and T3 group (AIP > 0.303, n = 3740).[image: ]
Fig. 1Flow diagram of the study population. CAG coronary angiography, HbA1c glycated hemoglobin, DM diabetes mellitus, AIP atherogenic index of plasma, BMI body mass index, LDL-C low-density lipoprotein cholesterol



Study variables
The variables in this study included primary discharge information (ST-elevation myocardial infarction (STEMI), non-ST-elevation myocardial infarction, and unstable angina); demographic information (age, sex, height, weight, alcohol consumption, smoking status); medical history (hypertension, dyslipidemia, T2DM, hypoglycemia intervention, angina, myocardial infarction, percutaneous coronary intervention (PCI), and transient ischemic attack (TIA)); clinical procedure information (coronary angiography information and treatment); and laboratory test data (serum levels of total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), HDL-C, TG, fasting plasma glucose (FBG), and HbA1c).

Definitions of the exposure and outcome variables
The exposure variable was the AIP, which was calculated using the following equation: log 10[TG (mmol/L)/HDL-C (mmol/L)] [12]. The main outcome variable in this study was undiagnosed DM, which was defined as follows: an FBG level ≥ 7.0 mmol/L and an HbA1c level ≥ 6.5%, as well as no medical history of DM or hypoglycemia treatment, including exercise, diet intervention and the use of hypoglycemia drugs. Notably, we selected this population to exclude individuals with stress hyperglycemia, which is a transient physiological response to acute disease [19]. The fasting glucose level may return to the normal concentration after the critical stress factor is removed. Stress hyperglycemia generally refers to transient hyperglycemia during illness and is usually restricted to patients without previous evidence of diabetes. Patients with a well-controlled HbA1c level whose glucose concentration was higher than the threshold defined for DM were diagnosed with stress hyperglycemia [19].

Definitions of other variables
BMI was calculated by the following formula: weight (kg)/height (m)2. Participants with a BMI < 18.5 kg/m2, 18.5–23.9 kg/m2, 24.0–27.9 kg/m2, or ≥ 28.0 kg/m2 were defined as underweight, normal weight, overweight or obese, respectively. Participants were divided into two subgroups based on LDL-C levels (LDL-C level < 1.8 mmol/L and LDL-C level ≥ 1.8 mmol/L). Hypertension was defined as a history of hypertension, receipt of antihypertensive therapy, a systolic blood pressure ≥ 140 mmHg or a diastolic blood pressure ≥ 90 mmHg on admission. According to the American Diabetes Association criteria, DM was diagnosed when participants had the following conditions: an FBG ≥ 7.0 mmol/L, a 2-h plasma glucose ≥ 11.1 mmol/L according to the oral glucose tolerance test, an HbA1c ≥ 6.5%, or a history of diabetes combined with hypoglycemia intervention.

Statistical analysis
The baseline characteristics and clinical outcomes were compared among the three groups based on the AIP. Continuous variables are expressed as means ± standard deviations if they were normally distributed and as medians (interquartile ranges) if they were not, and categorical variables are expressed as counts and percentages. One-way ANOVA and the Kruskal–Wallis rank‐sum test were used to compare differences as appropriate. Fisher's exact test and the chi‐square test were used to compare between‐group differences in categorical variables. To analyze the association between the AIP and undiagnosed DM, odds ratios (ORs) and 95% confidence intervals (CIs) were calculated using univariate and multivariate logistic regression analyses. In univariate logistic regression analysis, we selected all the significant factors to establish the models used for multivariate logistic regression analysis. We established three models to explore the association between the AIP and undiagnosed DM, which are described in the Results section. Model a was unadjusted. Model b was adjusted for age, sex, and BMI. Model c was adjusted for all the significant factors in the univariate logistic regression analysis. Notably, regarding the important effect of sex on the development of ACS, we included sex in Model b and Model c, although it was not significant in the univariate logistic regression analysis. In addition, we explored and compared the diagnostic values of the AIP, TG concentration, and HDL-C concentration for undiagnosed DM by receiver operating characteristic (ROC) curve analysis via the area under the ROC curve (AUC) and Youden’s index. To determine the association between the AIP and undiagnosed DM within different specific populations, we stratified patients into four groups according to BMI (underweight, normal weight, overweight, and obese) and two groups according to whether the serum LDL-C level was < 1.8 mmol/L. We subsequently performed an interaction analysis between the AIP and sex, BMI subgroup, and LDL-C subgroup via univariate analysis of the general linear model. In these subgroups, we studied the relationships between the AIP and the incidence of undiagnosed DM by binary logistic regressions in the models described above. The nonlinear association between the AIP and the incidence of undiagnosed DM was further evaluated by restricted cubic splines (RCSs) via the logistic regression model described above. We selected four knots, which were recommended for a better fit of the model and guaranteed accuracy. Moreover, we also performed RCS analysis of males and females in Model c. SPSS (version 27.0, SPSS, Inc., Chicago, IL, USA) and R (version 4.3.1) were used to perform the statistical analyses. P < 0.05 indicated statistical significance.


Results
Clinical characteristics
The baseline characteristics were significantly different across the three groups (Table 1). Patients in the T3 group were younger, more often male, had a higher BMI, were more likely to smoke and consume alcohol, and were more likely to have dyslipidemia hypertension, DM and hypoglycemia intervention; however, they were less likely to have TIA than were those in the T1 group. Moreover, they were more likely to be overweight or obese. According to the laboratory test results, patients in the T3 group had higher FBG, HbA1c, TC, LDL-C, and TG levels and lower HDL-C levels than did those in the T1 group. Notably, there was no significant difference in the medical history of myocardial infarction, angina, or PCI among the three groups. There were significantly more undiagnosed DM patients in the T3 group.Table 1Demographic and clinical characteristics of the study population according to the AIP


	 	Low tertile (n = 3741)
	Middle tertile (n = 3740)
	High tertile (n = 3740)
	P value

	Sociodemographic characteristics
	 	 	 	 
	 Age (years)
	66 ± 11
	63 ± 11
	59 ± 12
	< 0.001

	 Male sex
	2748 (73.5%)
	2822 (75.5%)
	2971 (79.4%)
	< 0.001

	 BMI
	23.8 ± 3.3
	24.8 ± 3.3
	25.4 ± 3.4
	< 0.001

	 Smokes
	1690 (45.2%)
	1821 (48.7%)
	2017 (53.9%)
	< 0.001

	 Drinks alcohol
	706 (18.9%)
	733 (19.6%)
	829 (22.2%)
	< 0.001

	Medical history
	 	 	 	 
	 Hypertension
	1959 (52.4%)
	2080 (55.6%)
	2159 (57.7%)
	< 0.001

	 Dyslipidemia
	307 (8.2%)
	423 (11.3%)
	520 (13.9%)
	< 0.001

	 DM
	874 (23.3%)
	1127 (30.1%)
	1314 (35.1%)
	< 0.001

	 Hypoglycemia intervention
	765(26.8%)
	971(34.0%)
	1117 (39.1%)
	< 0.001

	 Angina
	971 (26.0%)
	935 (25.0%)
	978 (26.1%)
	0.476

	 Myocardial infarction
	335 (9.0%)
	339 (9.1%)
	362 (9.7%)
	0.506

	 PCI
	438 (11.7%)
	440 (11.8%)
	437 (11.7%)
	0.994

	 TIA
	289 (7.7%)
	285 (7.6%)
	220 (5.9%)
	0.002

	Body mass index status
	 	 	 	 
	 Underweight
	160 (4.3%)
	59 (1.6%)
	58 (1.6%)
	< 0.001

	 Healthy weight
	1819 (48.6%)
	1432 (38.3%)
	1177 (31.5%)
	< 0.001

	 Overweight
	1437 (38.4%)
	1704 (45.6%)
	1772 (47.4%)
	< 0.001

	 Obese
	325 (8.7%)
	545 (14.6%)
	733 (19.6%)
	< 0.001

	Laboratory tests
	 	 	 	 
	 FBG (mmol/L)
	5.8 (5.0–7.4)
	6.0 (5.1–7.8)
	6.4 (5.2–8.5)
	< 0.001

	 HbA1c (%)
	5.9 (5.5–6.6)
	6.1 (5.6–7.2)
	6.4 (5.7–7.8)
	< 0.001

	 TC (mmol/L)
	4.3 ± 1.1
	4.4 ± 1.2
	4.6 ± 1.4
	< 0.001

	 LDL-C (mmol/L)
	2.6 ± 1.0
	2.8 ± 1.0
	2.8 ± 1.0
	< 0.001

	 TG (mmol/L)
	0.9 (0.7–1.1)
	1.5 (1.3–1.8)
	2.7 (2.1–3.6)
	< 0.001

	 HDL-C (mmol/L)
	1.2 (1.1–1.4)
	1.0 (0.9–1.2)
	0.9 (0.8–1.0)
	< 0.001

	 AIP
	− 0.143 ± 0.158
	0.177 ± 0.071
	0.524 ± 0.191
	< 0.001

	Outcome
	 	 	 	 
	 Undiagnosed DM
	170 (22.4%)
	233 (30.8%)
	353 (46.6%)
	< 0.001


AIP atherogenic index of plasma, BMI body mass index, DM diabetes mellitus, PCI percutaneous coronary intervention, TIA transient ischemic attack, FBG fasting blood glucose, HbA1c glycated hemoglobin, TC total cholesterol, LDL-C low-density lipoprotein cholesterol, HDL-C high-density lipoprotein cholesterol




Association between the AIP and undiagnosed DM
As presented in Table 2, we performed univariate and multivariate logistic regression analyses to explore the potential factors related to the incidence of undiagnosed DM. The univariate analysis suggested that age, BMI, history of hypertension, dyslipidemia, angina, myocardial infarction, PCI, FBG, HbA1c, TC, LDL-C, and TG levels and the AIP were significantly associated with undiagnosed DM. After multivariate analysis, it was shown that BMI, medical history of hypertension and dyslipidemia and FBG levels, TC levels, and AIP values were still significantly related to the incidence of undiagnosed DM. Based on these explorations, we constructed three models, which were described previously.Table 2Associations between relevant factors and undiagnosed DM


	Variables
	Undiagnosed DM
	Undiagnosed DM

	 	OR
	95% CI
	P value
	OR
	95% CI
	P value

	Age
	0.985
	0.979–0.991
	< 0.001
	 	 	 
	Sex
	 	 	 	 	 	 
	 Male
	Reference
	 	 	 	 	 
	 Female
	1.011
	0.851–1.202
	0.899
	 	 	 
	BMI
	1.041
	1.020–1.063
	< 0.001
	1.033
	1.009–1.057
	0.006

	Smokes
	 	 	 	 	 	 
	 No
	Reference
	 	 	 	 	 
	 Yes
	1.026
	0.885–1.189
	0.731
	 	 	 
	Drinks alcohol
	 	 	 	 	 	 
	 No
	Reference
	 	 	 	 	 
	 Yes
	0.916
	0.759–1.105
	0.358
	 	 	 
	Hypertension
	 	 	 	 	 	 
	 No
	Reference
	 	 	Reference
	 	 
	 Yes
	0.798
	0.689–0.925
	0.003
	0.788
	0.670–0.927
	0.004

	Dyslipidemia
	 	 	 	 	 	 
	 No
	Reference
	 	 	Reference
	 	 
	 Yes
	0.463
	0.338–0.633
	< 0.001
	0.458
	0.329–0.638
	< 0.001

	Angina
	 	 	 	 	 	 
	 No
	Reference
	 	 	 	 	 
	 Yes
	0.682
	0.566–0.820
	< 0.001
	 	 	 
	Myocardial infarction
	 	 	 	 	 	 
	 No
	Reference
	 	 	 	 	 
	 Yes
	0.546
	0.396–0.753
	< 0.001
	 	 	 
	PCI
	 	 	 	 	 	 
	 No
	Reference
	 	 	 	 	 
	 Yes
	0.561
	0.423–0.745
	< 0.001
	 	 	 
	TIA
	 	 	 	 	 	 
	 No
	Reference
	 	 	 	 	 
	 Yes
	0.821
	0.602–1.120
	0.213
	 	 	 
	FBG
	1.278
	1.253–1.303
	< 0.001
	1.272
	1.247–1.298
	< 0.001

	HbA1c
	1.053
	1.029–1.078
	< 0.001
	 	 	 
	TC
	1.284
	1.215–1.358
	< 0.001
	1.202
	1.077–1.343
	0.001

	LDL-C
	1.218
	1.134–1.308
	< 0.001
	 	 	 
	TG
	1.194
	1.153–1.236
	< 0.001
	 	 	 
	HDL-C
	1.083
	0.915–1.281
	0.354
	 	 	 
	AIP
	2.986
	2.369–3.764
	< 0.001
	1.981
	1.287–3.050
	0.002


DM diabetes mellitus, BMI body mass index, PCI percutaneous coronary intervention, TIA transient ischemic attack, FBG fasting blood glucose, HbA1c glycated hemoglobin, TC total cholesterol, LDL-C low-density lipoprotein cholesterol, HDL-C high-density lipoprotein cholesterol, AIP atherogenic index of plasma, OR odds ratio, CI confidence interval



As shown in Table 3, The AIP was significantly related to undiagnosed DM as a continuous variable before and after adjustment [Model a, OR 2.986 (2.369–3.764) p < 0.001; Model b, OR 2.677 (2.102–3.409) p < 0.001; Model c, OR 1.981 (1.287–3.050) p = 0.002]. Moreover, when the AIP was considered a categorical variable, a higher AIP was associated with a greater incidence of undiagnosed DM before and after adjustment [Model a, T2 to T1 group, OR 1.396 (1.139–1.710), p = 0.001; Model b, T2 to T1 group, OR 1.332 (1.085–1.634), p = 0.006; Model c, T2 to T1 group, OR 1.222 (0.982–1.519), p = 0.072]; Model a, T3 to T1 group, OR 2.189 (1.812–2.645), p < 0.001; Model b, T3 to T1 group, OR 2.008 (1.652–2.440), p < 0.001; Model c, T3 to T1 group, OR 1.533 (1.199–1.959) p < 0.001].Table 3Associations between the AIP and undiagnosed DM


	Variables
	Undiagnosed DM

	 	ORa
	95% CI
	P value
	ORb
	95% CI
	P value
	ORc
	95% CI
	P value

	AIP
	2.986
	2.369–3.764
	< 0.001
	2.677
	2.102–3.409
	< 0.001
	1.981
	1.287–3.050
	0.002

	T1
	Reference
	 	 	Reference
	 	 	Reference
	 	 
	T2
	1.396
	1.139–1.710
	0.001
	1.332
	1.085–1.634
	0.006
	1.222
	0.982–1.519
	0.072

	T3
	2.189
	1.812–2.645
	< 0.001
	2.008
	1.652–2.440
	< 0.001
	1.533
	1.199–1.959
	< 0.001


aUnadjusted model
bAdjusted for age, sex, and BMI
cAdjusted for age, sex, BMI, hypertension, dyslipidemia, angina, myocardial infarction, and PCI status, and FBG, HbA1c, TC, LDL-C, and TG levels
AIP atherogenic index of plasma, DM diabetes mellitus, OR odds ratio, CI confidence interval



The ROC curves of the AIP, TG, and HDL-C values are presented in Fig. 2. The AUC of the AIP, TG, and HDL-C values was 0.601 (0.581–0.622; p < 0.001), 0.624 (0.603–0.645; p < 0.001), and 0.493 (0.472–0.514; p = 0.524), respectively. Furthermore, we calculated the Youden index to determine the cutoff values. The best cutoff values for the AIP, TGs, and HDL-C were 0.203, 1.668, and 1.45, respectively. The corresponding sensitivities were 63.2%, 61.6%, and 11.5%, and the corresponding specificities were 54.9%, 58.1%, and 90.3%.[image: ]
Fig. 2The ROC curves for AIP, TG, and HDL-C values for undiagnosed DM in ACS patients. AIP atherogenic index of plasma; HDL-C high-density lipoprotein cholesterol; DM diabetes mellitus; ACS acute coronary syndrome


In addition, we explored the nonlinear relationship between the AIP and the incidence of undiagnosed DM, as presented in Fig. 3. Figure 3a shows that after adjusting for the variables in Model c, the AIP was significantly nonlinearly associated with undiagnosed DM (p for nonlinearity < 0.001). The AIP may be a biomarker that is negatively associated with undiagnosed DM and ranges from 0.176 to 0.738. According to another cross-sectional study of 10,099 American adults, a higher AIP was significantly associated with an increased incidence of prediabetes and diabetes, and this relationship was observed only among women [16]. Thus, we performed an interaction analysis between the AIP and sex, as shown in Additional file 1: Fig. S1a; however, the results suggested that there was no significant interaction effect between the AIP and sex. We still detected sex-specific differences in the RCS, as shown in Fig. 3b. These findings suggested that the nonlinear relationship was consistent between males and females (p for nonlinearity < 0.001). For males, the AIP may be a negative biomarker that is associated with undiagnosed DM ranging from 0.112 to 0.834, while a smaller range from 0.176 to 0.738 is observed in females.[image: ]
Fig. 3a Restricted cubic splines for the odds ratio of DM compared with undiagnosed DM. DM diabetes mellitus, AIP atherogenic index of plasma. b Sex-specific differences in the odds ratios of DM compared with undiagnosed DM according to the restricted cubic splines test. DM diabetes mellitus; AIP atherogenic index of plasma; 1 male; 2 female



Associations between the AIP and the incidence of undiagnosed DM according to different body mass indexes
As shown in the multivariate logistic regression analysis (Table 2), BMI was significantly positively associated with an increased incidence of undiagnosed DM. Thus, we performed an interaction analysis between the BMI subgroups described above and the AIP subgroups, as shown in Additional file 1: Fig. S1b. These results suggested that there was an interaction effect between these two factors. To further explore the effect of BMI on the AIP, we performed logistic regression analysis based on the models above (Table 4). The associations between the AIP and undiagnosed DM in underweight, normal weight, overweight and obese individuals were analyzed. There was no significant difference among underweight patients. However, a higher AIP was significantly associated with an increased incidence of undiagnosed DM in normal weight ACS patients [normal weight patients, ORc 2.662 (1.187–5.967), p = 0.017]. In overweight and obese patients, the AIP, as a continuous variable, was significantly related to an increased incidence of undiagnosed DM in Model a and Model b, although this relationship disappeared in Model c [overweight patients, ORc 1.333 (0.715–2.483), p = 0.365; obese patients, ORc 1.819 (0.619–5.350), p = 0.277]. The positive association remained when the AIP was regarded as a categorical variable. Compared with those in the T1 group, patients in the T3 group had a greater of undiagnosed DM among normal weight patients [normal weight patients, T3 ORc 1.841 (1.166–2.905), p = 0.009]. After adjustment for factors in Model b, there was a significantly greater incidence of undiagnosed DM in the overweight patients in the T3 group (overweight patients, T3 ORb 1.821 (1.369–2.421), p < 0.001). However, the positive relationship between the AIP and the incidence of undiagnosed DM disappeared in obese ACS patients.Table 4Associations between the AIP and the incidence of undiagnosed DM according to different body mass statuses


	Body mass status
	Variables
	Undiagnosed DM

	 	 	ORa
	95% CI
	P value
	ORb
	95% CI
	P value
	ORc
	95% CI
	P value

	Underweight
(n = 277)
	AIP
	0.846
	0.183–3.918
	0.831
	0.715
	0.159–3.206
	0.661
	20.879
	0255–1712.783
	0.177

	 	T1
	Reference
	 	 	Reference
	 	 	Reference
	 	 
	 	T2
	1.382
	0.400–4.771
	0.609
	1.329
	0.377–4.684
	0.659
	2.463
	0.366–16.591
	0.354

	 	T3
	1.036
	0.265–4.047
	0.959
	0.848
	0.204–3.530
	0.821
	1.136
	0.044–29.023
	0.939

	Normal weight
(n = 4428)
	AIP
	3.427
	2.273–5.168
	< 0.001
	3.486
	2.288–5.312
	 < 0.001
	2.662
	1.187–5.967
	0.017

	 	T1
	Reference
	 	 	Reference
	 	 	Reference
	 	 
	 	T2
	1.891
	1.361–2.628
	< 0.001
	1.902
	1.366–2.648
	< 0.001
	1.562
	1.087–2.245
	0.016

	 	T3
	2.560
	1.850–3.542
	< 0.001
	2.581
	1.852–3.596
	< 0.001
	1.841
	1.166–2.905
	0.009

	Overweight
(n = 4913)
	AIP
	2.879
	2.035–4.072
	< 0.001
	2.662
	1.864–3.801
	< 0.001
	1.333
	0.715–2.483
	0.365

	 	T1
	Reference
	 	 	Reference
	 	 	Reference
	 	 
	 	T2
	1.069
	0.785–1.457
	0.672
	1.032
	0.756–1.409
	0.799
	0.938
	0.675–1.304
	0.702

	 	T3
	1.938
	1.465–2.562
	< 0.001
	1.821
	1.369–2.421
	< 0.001
	1.291
	0.908–1.836
	0.155

	Obese
(n = 1603)
	AIP
	2.183
	1.244–3.833
	0.007
	1.893
	1.053–3.403
	0.033
	1.819
	0.619–5.350
	0.277

	 	T1
	Reference
	 	 	Reference
	 	 	Reference
	 	 
	 	T2
	1.096
	0.647–1.859
	0.733
	1.056
	0.622–1.796
	0.839
	1.035
	0.587–1.825
	0.905

	 	T3
	1.564
	0.963–2.539
	0.071
	1.417
	0.863–2.329
	0.169
	1.213
	0.666–2.211
	0.528


aUnadjusted model
bAdjusted for age, sex, and BMI
cAdjusted for age, sex, BMI, hypertension, dyslipidemia, angina, myocardial infarction, and PCI status, and FBG, HbA1c, TC, LDL-C, and TG levels
AIP atherogenic index of plasma, DM diabetes mellitus, OR odds ratio, CI confidence interval




Associations between the AIP and the incidence of undiagnosed DM according to LDL-C levels
Previous studies have shown that dyslipidemia appears in the early stages of DM and is involved in disease progression throughout the entire disease course [20, 21]. LDL-C, a key cardiovascular disease marker, is often estimated by the Friedwald or Marin equation. However, many patients with elevated TG levels have suppressed LDL-C levels [22]. The AIP is calculated via the logarithm of the molar concentration of TG and HDL-C. To determine whether the relationship between the AIP and undiagnosed DM was affected by the serum LDL-C level, we divided patients into two groups based on a cutoff of 1.8 mmol/L, which is the recommended target. We subsequently performed an interaction analysis between the AIP and LDL-C subgroups, as demonstrated in Additional file 1: Fig. S1c. These results suggested that there was an interaction effect between these two factors. Therefore, we conducted binary logistic regression analysis based on the three models described above. As demonstrated in Table 5, a higher AIP was significantly associated with a higher incidence of undiagnosed DM in ACS patients with an LDL-C level ≥ 1.8 mmol/L after adjustment in Model c; however, this trend became less significant in patients with an LDL-C level < 1.8 mmol/L after adjustment in Model c (patients with an LDL-C level < 1.8 mmol/L, ORc 1.523 (0.521–4.451), p = 0.442; T3 ORc 1.612 (0.807–3.219), p = 0.176; patients with an LDL-C level ≥ 1.8 mmol/L, ORc 2.028 (1.262–3.260), p = 0.004; T3 ORc 1.507 (1.156 0.964), p = 0.002].Table 5Associations between the AIP and the incidence of undiagnosed DM according to LDL-C levels


	LDL-C levels
	Variables
	Undiagnosed DM

	 	 	ORa
	95% CI
	P value
	ORb
	95% CI
	P value
	ORc
	95% CI
	P value

	LDL-C < 1.8 mmol/L
(n = 1949)
	AIP
	3.241
	1.820–5.773
	 < 0.001
	3.304
	1.795–6.082
	 < 0.001
	1.523
	0.521–4.451
	0.442

	 	T1
	Reference
	 	 	Reference
	 	 	Reference
	 	 
	 	T2
	1.382
	0.767–2.488
	0.282
	1.376
	0.759–2.495
	0.293
	1.405
	0.746–2.646
	0.293

	 	T3
	2.368
	1.398–4.011
	0.001
	2.326
	1.349–4.011
	0.002
	1.612
	0.807–3.219
	0.176

	LDL-C ≥ 1.8 mmol/L
(n = 9272)
	AIP
	2.949
	2.283–3.810
	 < 0.001
	2.627
	2.011–3.432
	 < 0.001
	2.028
	1.262–3.260
	0.004

	 	T1
	Reference
	 	 	Reference
	 	 	Reference
	 	 
	 	T2
	1.357
	1.093–1.686
	0.006
	1.295
	1.041–1.612
	0.021
	1.205
	0.954–1.521
	0.117

	 	T3
	2.111
	1.724–2.586
	 < 0.001
	1.932
	1.567–2.382
	 < 0.001
	1.507
	1.156–1.964
	0.002


aUnadjusted model
bAdjusted for age, sex, and BMI
cAdjusted for age, sex, BMI, hypertension, dyslipidemia, angina, myocardial infarction, and PCI status, FBG, HbA1c, TC, LDL-C, and TG levels
AIP atherogenic index of plasma, DM diabetes mellitus, LDL-C low-density lipoprotein cholesterol, OR odds ratio, CI confidence interval





Discussion
In this study, we found that the AIP was nonlinearly associated with the incidence of undiagnosed DM in ACS patients, and this relationship was consistent for both males and females In patients with a healthy weight and an LDL-C level ≥ 1.8 mmol/L, a higher AIP was significantly associated with an increased incidence of undiagnosed DM. To our knowledge, this is the first study to explore the relationship between the AIP and the incidence of undiagnosed DM in ACS patients with different BMIs, including underweight, normal weight, overweight, and obese individuals and individuals with LDL-C levels < 1.8 mmol/L.
Despite the ease of measuring plasma glucose levels, some people are unaware of their true glucose metabolism status. In this study, for the first time, we focused on people who were diagnosed with DM based on their fasting glucose concentration and HbA1c level and had no history of hypoglycemia therapy. We selected this population to exclude those with stress hyperglycemia. Owing to the effects of critical diseases such as ACS and clinical procedures, it is possible that some patients in this study may have experienced transient hospital-related hyperglycemia. Given that we lacked available FBG measurements at discharge, the diagnosis based solely on the first FBG measurement was insufficient. The level of HbA1c can provide information about glycemic control over a long period and is expected to be a multipotent and powerful cardiometabolic marker beyond the clinical setting of diabetes care [23, 24]. Notably, these patients may have been influenced by glycemia for a long time, as subtle symptoms may have gone unnoticed. The risk of adverse cardiovascular events, including CAD, has increased. Thus, focused efforts to identify patients who are at high risk of hyperglycemia-mediated harm and are likely to benefit from interventions are needed. In the present study, among 11,221 ACS patients, 756 patients had undiagnosed DM, and the AIP was strongly associated with undiagnosed DM after adjustment for covariables [OR 1.533 (1.199–1.959), p < 0.001]. However, large-scale longitudinal studies are needed to explore the relationship between the AIP and long-term outcomes in these patients.
The AIP has been proven to be significantly correlated with lipoprotein particle size and density, as well as lipoprotein peroxidation rates, and could be used as a reliable marker of plasma atherogenicity [25]. Recent research has demonstrated that the AIP is a superior predictor of plasma atherogenicity compared to isolated lipid values and that the AIP is strongly correlated with an increased incidence of subclinical or symptomatic CAD [26–28]. Lipid-lowering medication, including statins, is the basis for the treatment of CAD. Several cumulative studies suggest that statins are associated with an increased risk of new-onset DM [29–32]. However, it was also proposed that the cardiovascular benefits of the use of statins exceed the risk of complications, and the low incidence of new-onset DM should not hinder the wide application of statins among CAD patients. Moreover, lifestyle changes, including healthy diet and exercise, and timely observation of blood glucose levels are recommended to reduce the risk of diabetes once statins are used [33].
However, the mechanism underlying these results is unclear. There are likely multiple plausible explanations for these findings. One possible explanation is that atherogenicity may be a major factor, as the AIP is calculated from TG and HDL-C levels. When the plasma TG concentration is greater, LDL-C particles tend to be smaller, denser, more easily oxidized, and more prone to entering the subintima, thereby increasing their atherogenic potential. Previous research has demonstrated a positive correlation between the AIP and the particle size of small, dense LDLs, indicating that the AIP may serve as a reliable marker of atherogenesis [34]. LDL-C is the principal intervention target in the risk management of atherosclerotic cardiovascular disease (ASCVD) [35]. Undiagnosed diabetes may result in incorrect risk stratification for patients receiving lipid-lowering therapy. According to a cross-sectional analysis of the National Health and Nutrition Examination Survey (NHANES) (2005–2010), improved screening for diabetes and a reduced incidence of undiagnosed diabetes may help to identify individuals requiring more intensive LDL-C reductions [36]. In our present study, we divided ACS patients into two groups based on their serum LDL-C level (LDL-C < 1.8 mmol/L). The AIP was suggested to be positively associated with the increased incidence of undiagnosed DM, particularly in patients with an LDL-C level ≥ 1.8 mmol/L.
Moreover, several studies have demonstrated significant associations between an elevated AIP and insulin resistance, which is associated with increased susceptibility to diabetes [17, 37, 38]. High plasma TG levels reduce the number and activity of insulin receptors on adipocytes and prevent insulin from binding to receptors by competing with glucose to enter cells, leading to abnormal glucose metabolism, while lower HDL levels also lead to decreased insulin secretion and sensitivity [39–41]. On the other hand, abnormal blood lipid levels may cause insulin resistance (IR) by causing inflammation, endoplasmic reticulum stress and lipotoxicity [42, 43]. A Chinese population-based cross-sectional study demonstrated that a higher AIP was positively and strongly associated with obesity, suggesting that the AIP is a novel and better biomarker associated with obesity [44]. Obesity is also an established risk factor for insulin resistance and diabetes. In our study, we also stratified ACS patients into four groups according to their BMI: underweight, normal weight, overweight, and obese. However, in our study, we found that the AIP was positively associated with an increased incidence of undiagnosed DM only in individuals who were normal weight after we adjusted for all the covariates, and this association was not as strong as that in overweight and obese patients and was not present in underweight patients. More evidence based on underweight, overweight and obese participants is needed.
There are several limitations that require consideration in the current study. First, due to the observational nature of this study, despite adjusting for potential risk factors, residual or unmeasured confounding variables may still exist. Second, we did not carry out follow-up, and the outcomes outside the hospital were not clear. Adequately powerful prospective cohort studies will be necessary to confirm the relationship between the AIP and the risk of undiagnosed DM. Third, the participants in this study were exclusively Chinese patients, and the generalizability of the findings to other ethnic groups remains uncertain. Fourth, this investigation solely examined the baseline AIP, and longitudinal consecutive changes in the AIP during hospitalization were not analyzed. Finally, information on some lipid-lowering agents and their respective dosages, which may have influenced the results, was not available in our database.

Conclusions
The AIP, a comprehensive index of lipid management in ACS patients, was nonlinearly associated with an increased incidence of undiagnosed DM, especially in normal-weight patients and those with an LDL-C level ≥ 1.8 mmol/L. This association was consistent between males and females. The AIP may be a biomarker that is negatively associated with undiagnosed diabetes and ranges from 0.176 to 0.738.

Acknowledgements
The authors thank all the hospitals participating in the CCC-ACS project for their invaluable contribution to this work.

Author contributions
SX wrote the main manuscript text, DaZ and MC had made substantial contributions to the design of the work. All authors reviewed the manuscript.

Funding
This work was supported by a collaborative program of the American Heart Association and the Chinese Society of Cardiology. The American Heart Association was funded by Pfizer and AstraZeneca for a quality improvement initiative through an independent grant for learning and change. This work was also supported by the National Natural Science Foundation of China [82070272 to M.C.], the Peking University Medical Youth Science and Technology Innovation Cultivation Fund (BMU2022PY026) and the Chinese Cardiovascular Association-ASCVD fund [2023-CCA-ASCVD-042 to D.Z.].

Availability of data and materials
The data, analytical methods, and study materials will be made available for onsite audits by third parties for the purposes of reproducing the results or replicating the procedure.

Declarations
Ethics approval and consent to participate
The CCC-ACS was approved by the institutional review board of Beijing Anzhen Hospital, and the requirement for informed consent was waived. This study complied with the Declaration of Helsinski and is registered at the following URL: https://​clinicaltrial.​gov (unique identifier: NCT02306616).

Competing interests
The authors declare that they have no conflicts of interest.


References
	1.
ATLAS I D. IDF diabetes atlas. International Diabetes Federation (9th edition) http://​www.​idforg/​about-diabetes/​facts-figures, 2019.


	2.
Saeedi P, Petersohn I, Salpea P, et al. Global and regional diabetes prevalence estimates for 2019 and projections for 2030 and 2045: results from the International Diabetes Federation Diabetes Atlas. Diabetes Res Clin Pract. 2019;157: 107843.PubMed


	3.
Beagley J, Guariguata L, Weil C, et al. Global estimates of undiagnosed diabetes in adults. Diabetes Res Clin Pract. 2014;103(2):150–60.PubMed


	4.
Wilson S, Mone P, Kansakar U, et al. Diabetes and restenosis. Cardiovasc Diabetol. 2022;21(1):23.PubMedPubMedCentral


	5.
Norhammar A, Schenck-Gustafsson K. Type 2 diabetes and cardiovascular disease in women. Diabetologia. 2013;56(1):1–9.PubMed


	6.
Eckel RH, Grundy SM, Zimmet PZ. The metabolic syndrome. Lancet. 2005;365(9468):1415–28.PubMed


	7.
Kovacic JC, Castellano JM, Farkouh ME, et al. The relationships between cardiovascular disease and diabetes: focus on pathogenesis. Endocrinol Metab Clin North Am. 2014;43(1):41–57.PubMed


	8.
Ali Raza J, Movahed A. Current concepts of cardiovascular diseases in diabetes mellitus. Int J Cardiol. 2003;89(2–3):123–34.PubMed


	9.
Xie E, Ye Z, Wu Y, et al. Predictive value of the stress hyperglycemia ratio in dialysis patients with acute coronary syndrome: insights from a multi-center observational study. Cardiovasc Diabetol. 2023;22(1):288.PubMedPubMedCentral


	10.
Yang J, Zheng Y, Li C, et al. The impact of the stress hyperglycemia ratio on short-term and long-term poor prognosis in patients with acute coronary syndrome: insight from a large cohort study in Asia. Diabetes Care. 2022;45(4):947–56.MathSciNetPubMed


	11.
Wei QC, Chen YW, Gao QY, et al. Association of stress hyperglycemia with clinical outcomes in patients with ST-elevation myocardial infarction undergoing percutaneous coronary intervention: a cohort study. Cardiovasc Diabetol. 2023;22(1):85.PubMedPubMedCentral


	12.
Dobiásová M, Frohlich J. The plasma parameter log (TG/HDL-C) as an atherogenic index: correlation with lipoprotein particle size and esterification rate in apoB-lipoprotein-depleted plasma (FER(HDL)). Clin Biochem. 2001;34(7):583–8.PubMed


	13.
Sun H, Saeedi P, Karuranga S, et al. IDF Diabetes Atlas: Global, regional and country-level diabetes prevalence estimates for 2021 and projections for 2045. Diabetes Res Clin Pract. 2022;183: 109119.PubMed


	14.
Echouffo-Tcheugui JB, Perreault L, Ji L, et al. Diagnosis and management of prediabetes: a review. JAMA. 2023;329(14):1206–16.PubMed


	15.
Zheng X, Zhang X, Han Y, et al. Nonlinear relationship between atherogenic index of plasma and the risk of prediabetes: a retrospective study based on Chinese adults. Cardiovasc Diabetol. 2023;22(1):205.PubMedPubMedCentral


	16.
Shi Y, Wen M. Sex-specific differences in the effect of the atherogenic index of plasma on prediabetes and diabetes in the NHANES 2011–2018 population. Cardiovasc Diabetol. 2023;22(1):19.PubMedPubMedCentral


	17.
Yin B, Wu Z, Xia Y, et al. Non-linear association of atherogenic index of plasma with insulin resistance and type 2 diabetes: a cross-sectional study. Cardiovasc Diabetol. 2023;22(1):157.PubMedPubMedCentral


	18.
Hao Y, Liu J, Liu J, et al. Rationale and design of the Improving Care for Cardiovascular Disease in China (CCC) project: a national effort to prompt quality enhancement for acute coronary syndrome. Am Heart J. 2016;179:107–15.PubMed


	19.
Dungan KM, Braithwaite SS, Preiser JC. Stress hyperglycaemia. Lancet. 2009;373(9677):1798–807.PubMedPubMedCentral


	20.
Garvey WT, Kwon S, Zheng D, et al. Effects of insulin resistance and type 2 diabetes on lipoprotein subclass particle size and concentration determined by nuclear magnetic resonance. Diabetes. 2003;52(2):453–62.PubMed


	21.
Festa A, Williams K, Hanley AJ, et al. Nuclear magnetic resonance lipoprotein abnormalities in prediabetic subjects in the Insulin Resistance Atherosclerosis Study. Circulation. 2005;111(25):3465–72.PubMed


	22.
Sampson M, Ling C, Sun Q, et al. A new equation for calculation of low-density lipoprotein cholesterol in patients with normolipidemia and/or hypertriglyceridemia. JAMA Cardiol. 2020;5(5):540–8.PubMed


	23.
Yazdanpanah S, Rabiee M, Tahriri M, et al. Evaluation of glycated albumin (GA) and GA/HbA1c ratio for diagnosis of diabetes and glycemic control: a comprehensive review. Crit Rev Clin Lab Sci. 2017;54(4):219–32.PubMed


	24.
Tanaka A, Node K. What is behind the HbA1c value? J Am Coll Cardiol. 2021;78(15): e117.PubMed


	25.
Dobiásová M, Frohlich J, Sedová M, et al. Cholesterol esterification and atherogenic index of plasma correlate with lipoprotein size and findings on coronary angiography. J Lipid Res. 2011;52(3):566–71.PubMedPubMedCentral


	26.
Won KB, Jang MH, Park EJ, et al. Atherogenic index of plasma and the risk of advanced subclinical coronary artery disease beyond traditional risk factors: an observational cohort study. Clin Cardiol. 2020;43(12):1398–404.PubMedPubMedCentral


	27.
Huang Q, Liu Z, Wei M, et al. The atherogenic index of plasma and carotid atherosclerosis in a community population: a population-based cohort study in China. Cardiovasc Diabetol. 2023;22(1):125.PubMedPubMedCentral


	28.
Shin HR, Song S, Cho JA, et al. Atherogenic index of plasma and its association with risk factors of coronary artery disease and nutrient intake in Korean adult men: the 2013–2014 KNHANES. Nutrients. 2022;14(5):1071.PubMedPubMedCentral


	29.
Casula M, Mozzanica F, Scotti L, et al. Statin use and risk of new-onset diabetes: a meta-analysis of observational studies. Nutr Metab Cardiovasc Dis. 2017;27(5):396–406.PubMed


	30.
Seo WW, Seo SI, Kim Y, et al. Impact of pitavastatin on new-onset diabetes mellitus compared to atorvastatin and rosuvastatin: a distributed network analysis of 10 real-world databases. Cardiovasc Diabetol. 2022;21(1):82.PubMedPubMedCentral


	31.
Adhyaru BB, Jacobson TA. Safety and efficacy of statin therapy. Nat Rev Cardiol. 2018;15(12):757–69.PubMed


	32.
Galicia-Garcia U, Jebari S, Larrea-Sebal A, et al. Statin treatment-induced development of type 2 diabetes: from clinical evidence to mechanistic insights. Int J Mol Sci. 2020;21(13):4725.PubMedPubMedCentral


	33.
Mansi IA, Sumithran P, Kinaan M. Risk of diabetes with statins. BMJ. 2023;381: e071727.PubMed


	34.
Hermans MP, Ahn SA, Rousseau MF. log(TG)/HDL-C is related to both residual cardiometabolic risk and β-cell function loss in type 2 diabetes males. Cardiovasc Diabetol. 2010;9:88.PubMedPubMedCentral


	35.
Hoogeveen RC, Ballantyne CM. Residual cardiovascular risk at low LDL: remnants, lipoprotein(a), and inflammation. Clin Chem. 2021;67(1):143–53.PubMed


	36.
Brown TM, Tanner RM, Carson AP, et al. Awareness, treatment, and control of LDL cholesterol are lower among U.S. adults with undiagnosed diabetes versus diagnosed diabetes. Diabetes Care. 2013;36(9):2734–40.PubMedPubMedCentral


	37.
Lin D, Qi Y, Huang C, et al. Associations of lipid parameters with insulin resistance and diabetes: a population-based study. Clin Nutr. 2018;37(4):1423–9.PubMed


	38.
NurZati Iwani AK, Jalaludin MY, Yahya A, et al. TG: HDL-C ratio as insulin resistance marker for metabolic syndrome in children with obesity. Front Endocrinol. 2022;13: 852290.


	39.
Guilherme A, Virbasius JV, Puri V, et al. Adipocyte dysfunctions linking obesity to insulin resistance and type 2 diabetes. Nat Rev Mol Cell Biol. 2008;9(5):367–77.PubMedPubMedCentral


	40.
Guilherme A, Rowland LA, Wang H, et al. The adipocyte supersystem of insulin and cAMP signaling. Trends Cell Biol. 2023;33(4):340–54.PubMed


	41.
Lotta LA, Gulati P, Day FR, et al. Integrative genomic analysis implicates limited peripheral adipose storage capacity in the pathogenesis of human insulin resistance. Nat Genet. 2017;49(1):17–26.PubMed


	42.
Yu YH, Ginsberg HN. Adipocyte signaling and lipid homeostasis: sequelae of insulin-resistant adipose tissue. Circ Res. 2005;96(10):1042–52.PubMed


	43.
Bamba V, Rader DJ. Obesity and atherogenic dyslipidemia. Gastroenterology. 2007;132(6):2181–90.PubMed


	44.
Zhu X, Yu L, Zhou H, et al. Atherogenic index of plasma is a novel and better biomarker associated with obesity: a population-based cross-sectional study in China. Lipids Health Dis. 2018;17(1):37.PubMedPubMedCentral




Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		The association between the AIP and undiagnosed diabetes in ACS patients with different body mass indexes and LDL-C levels: findings from the CCC-ACS project


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/12933_2024_2162_Fig3_HTML.png
]
1
=

54

1.0

0.5

AlP

0.0

-0.5

(b)
20
104+
05

14

0.5 1.0
AIP

0.0

-0.5





OEBPS/css/envelope.png





OEBPS/images/12933_2024_2162_Fig1_HTML.png
113 650 patients diagnosed as acute coronary syndrome

11 282 patients without available anthropometrical data
> 79 863 patients without CAG results
11 284 patients without available HbA lc

11 221 patients

7 s

3315 DM patients with 2853

patients under hypoglycemia 1200 patienisiwvith nohistory

: 5 of DM
iterventions
Low tertile(AIP <0.052) Middle tertile(0.052<AIP <0.303) High tertile(AIP >0.303)
3741patients 3740patients 3740patients

!

! ! }

Underweight(BMI<18.5) . Healthy Overweight(23.9<BMI Obese(BMI >27.9)
277patients weight(18.5<BMI<23.9) <27.9) 1603546658
4428patients 4913patients P
[
1949 patients with a level of 9272 patients with a level of

LDL-C<1.8mmol/L LDL-C>1.8mmol/L






OEBPS/css/sidebar.gif





OEBPS/images/12933_2024_2162_Fig2_HTML.png
Sensitivity

10

08

06

04

00
ao

04 06

1 - specificity

08

10

—— AIP
—T
——HDL
~— Reference





