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Abstract
Background
Both elevated inflammation and atherogenic dyslipidemia are prominent in young-onset diabetes and are increasingly identified as biologically intertwined processes that contribute to diabetogenesis. We aimed to investigate the age-specific risks of type 2 diabetes (T2D) upon concomitant chronic inflammation and atherogenic dyslipidemia.

Methods
Age-stratified Cox regression analysis of the risk of incident diabetes upon co-exposure to time-averaged cumulative high-sensitivity C-reactive protein (CumCRP) and atherogenic index of plasma (CumAIP) among 42,925 nondiabetic participants from a real-world, prospective cohort (Kailuan Study).

Results
During a median 6.41 years of follow-up, 3987 T2D developed. Isolated CumAIP and CumCRP were significantly associated with incident T2D in the entire cohort and across all age subgroups. Both CumAIP and CumCRP were jointly associated with an increased risk of diabetes (P-interaction = 0.0126). Compared to CumAIP < -0.0699 and CumCRP < 1 mg/L, co-exposure to CumAIP ≥ − 0.0699 and CumCRP ≥ 3 mg/L had a significant hazard ratio (HR) [2.55 (2.23–2.92)] after adjusting for socio-demographic, life-style factors, family history of diabetes, blood pressure, renal function and medication use. The co-exposure-associated risks varied greatly by age distribution (P-interaction = 0.0193): < 40 years, 6.26 (3.47–11.28); 40–49 years, 2.26 (1.77–2.89); 50–59 years, 2.51 (2.00–3.16); 60–69 years, 2.48 (1.86–3.30); ≥ 70 years, 2.10 (1.29–3.40). In young adults (< 45 years), both exposures had a significant supra-additive effect on diabetogenesis (relative excess risk due to interaction: 0.80, 95% CI 0.10–1.50).

Conclusions
These findings highlight the need for age-specific combined assessment and management of chronic inflammation and dyslipidemia in primary prevention against T2D, particularly for young adults. The clinical benefit derived from dual-target intervention against dyslipidemia and inflammation will exceed the sum of each part alone in young adults.
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The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s12933-023-01878-5.
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Background
The pandemic of type 2 diabetes (T2D) has become a serious public health threat [1–3]. A consistent downward trend in T2D onset age even worsens the situation [3, 4]. Mounting evidence has demonstrated that the younger the age at diabetes onset, the greater the risk of diabetes-related comorbidities, e.g., cardiovascular diseases (CVD) [5], diabetic kidney disease [6], dementia [7] and premature mortality [8]. The existence of “metabolic memory”, in which the influence of an early glycemic exposure environment is imprinted in target cells and organs and leads to prolonged impairments even after optimal glucose control [9], emphasizes the need for the clinical priority of early identification and intervention against risk factors for young-onset T2D.
Deeply involved lipid abnormalities and systemic inflammation, diabetogenesis is a chronic, multifactorial complex process. The atherogenic dyslipidemia complex, manifested as high triglyceride (TG) and low high-density lipoprotein cholesterol (HDL-C) levels, has been identified to predispose individuals to T2D onset [10, 11]. As such, the atherogenic index of plasma (AIP), measured as log-transformed (TG/HDL-C) [12], has been established to predict diabetes [13] and diabetic vascular complications [14–16]. Systemic inflammation, another hallmark of overt hyperglycemia, is also heavily engaged in diabetogenesis [17]. Indeed, both of them have been proposed to be closely entangled biological processes that can each amplify the other in an in vivo pathophysiologic setting, leading to impairment in insulin signaling [18, 19]. Notably, both abnormalities are probably linked to the aging process, mostly occurring after middle age [20–22], similar to the usual trend of T2D onset. Nevertheless, it is increasingly observed that young-onset diabetes has prominent dyslipidemia and systemic inflammation [4, 23, 24]. It is unclear whether these two disorders interact to affect young-onset diabetes. To date, limited epidemiological studies have examined the age-specific interactions between these two concomitant exposures and their joint effect on developing T2D among the general population.
In this context, studies examining the age-stratified risks of T2D with combined exposure to dyslipidemia and inflammation and their interactions throughout the adult lifespan are warranted. To fill in this knowledge gap, therefore, we conducted an analysis of datasets from a large, prospective cohort study (Kailuan study).

Methods
Study setting and study participants
The Kailuan Study (trial registration number: ChiCTR-TNC-11001489) is a large, ongoing, real-world, community-based cohort study in Tangshan, China. This study was initially carried out in 2006, with subsequent surveys issued every two years. Details of the study design and procedures have been specified elsewhere [25–28]. Written informed consent was provided before enrollment by each participant. This current subanalysis was approved by the Kailuan General Hospital Ethics Committee, China (2006-05) and the Human Research Ethics Committee of Edith Cowan University (2021-03159-BALMER).
For the present study, among 101510 participants who completed the first health survey, we excluded those who missed the following two examinations (n = 43,583); were diagnosed with diabetes (n = 8865); had incomplete information on fasting blood glucose (FBG), lipid profiles and high sensitivity C-reactive protein (hsCRP) (n = 2737) or abnormal values in these variables (n = 294); and those who missed all three follow-up visits through July 31, 2018 (n = 3106). Additional file 1: Fig. S1 displays the study strategy, and Additional file 1: Fig. S2 describes the flowchart of participants. The final analytic sample included 42,925 participants. The frequency and number of participants in follow-up are reported in Additional file 1: Table S1.

Ascertainment of outcome
The primary study outcome was the incidence of T2D (ICD-10: E11), defined as either FBG level ≥ 7.0 mmol/L, self-reported history of a physician diagnosis, or self-reported medication use of oral anti-glycemic agents or insulin [29]. Death was ascertained from local government vital statistics offices [30]. The T2D onset date was defined as the first of the three follow-up surveys at which a participant met the diagnostic criteria. Follow-up ended at the date of T2D onset, death, or the last follow-up visit, whichever came first.

Combined exposure to chronic inflammation and atherogenic dyslipidemia
As represented in Additional file 1: Fig. S1, the exposure period was from 2006/2007 to 2010/2011; the median exposure period was 3.92 [interquartile range (IQR): 3.87–4.32] years. Chronic inflammation was assessed by time-averaged cumulative hsCRP (CumCRP), calculated as [(hsCRP1 + hsCRP2)/2*(visit2 − visit1) + (hsCRP2 + hsCRP3)/2*(visit3 − visit2)]/(visit3-visit1) [31, 32]. Chronic atherogenic dyslipidemia, assessed by time-averaged cumulative AIP (CumAIP), was calculated using the abovementioned algorithm, with AIP = log10(TG/HDL-C) [12]. The study participants were stratified according to the median CumAIP level in this study and CumCRP cutoffs (1, 3 mg/L, the suggested clinical thresholds of hsCRP for indicating low, moderate metabolic inflammation [33]), thus creating six such subgroups: Group 1 (CumCRP < 1 mg/L and CumAIP < -0.0699), Group 2 (1 ≤ CumCRP < 3 mg/L and CumAIP < -0.0699), Group 3 (CumCRP ≥ 3 mg/L and CumAIP < -0.0699), Group 4 (CumCRP < 1 mg/L and CumAIP ≥ -0.0699), Group 5 (1 ≤ CumCRP < 3 mg/L and CumAIP ≥ -0.0699), and Group 6 (CumCRP ≥ 3 mg/L and CumAIP ≥ -0.0699).

Covariates
Data on socio-demographics, lifestyle factors (drinking habit, smoking status, physical activities) and past medical and medication history (diabetes, CVD, hypertension, dyslipidemia, and current treatments including antihypertensives, antidiabetics and lipid-lowering agents) were documented with a standard questionnaire via face-to-face interviews. Biochemical measures of the lipid profiles, creatinine, FBG, and hsCRP were measured by an autoanalyzer (Hitachi 747; Hitachi, Tokyo, Japan). Anthropometrics, including blood pressure, height and weight, were collected. Body mass index (BMI) was calculated as weight (kilogram)/height2 (meter). Current smokers were defined as people who smoked at least one cigarette/day on average in the past year. Drinking status was defined according to average alcohol consumption in the past year. The estimated glomerular filtration rate (eGFR) was determined from creatinine following the Chronic Kidney Disease Epidemiology Collaboration formula [34]. Hypertension was stratified into four categories: normal blood pressure, grade I hypertension, grade II hypertension, and grade III hypertension [35].

Statistical analyses
Baseline information was based on the commencement of follow-up. The included participants aged 22 to 98 years at baseline were categorized as follows: < 40 years, 40–49 years, 50–59 years, 60–69 years, and ≥ 70 years. We used multiple imputation by chained equation techniques to account for missing data (< 2% incomplete). Baseline characteristics were described as the mean with standard deviation (SD), median together with IQR, or numbers and percentages (%), when appropriate. Log-transformed values of CumCRP, hsCRP and TG were used when they were included as continuous variables in the statistical model. Baseline characteristics were compared by age group using one-way ANOVA or the Kruskal‒Wallis test for continuous variables and the chi-square test for categorical variables. The linear trend for individual factors across age groups was conducted by assigning the median value of each age group as a continuous variable in a separate model, utilizing a general linear model for continuous variables and a logistic model for categorical variables. P values for trends were calculated using the Wald test.
T2D incidence rates were calculated as per 1000 person-years. The Kaplan–Meier method with a log-rank test was performed to compare the overall survival based on follow-up intervals in each risk group. Stratified Cox proportional hazards regression models were used (except for single CumCRP exposure, where weighted Cox modeling was used because of the violation of the proportional hazards assumption) to calculate adjusted hazard ratios (aHRs) with 95% confidence intervals (CIs) of CumAIP and CumCRP, alone or as adjuncts, for incident T2D in the entire cohort and among age subgroups (stratified by < 40, 40 ~ 49, 50 ~ 59, 60 ~ 69, ≥ 70 years and stratified by < 45, 45 ~ 64, ≥ 65 years). The multivariable-adjusted models were as follows: Model 1, adjusted for age, sex, education, smoking and drinking status, physical activities, family history of diabetes, BMI, antihypertensives and lipid-lowering drugs; Model 2, further adjusted for eGFR, total cholesterol (TC), and blood pressure. Likelihood ratio tests evaluated the multiplicative interaction (INTm) between the combined exposures and age, between isolated CumAIP or CumCRP and age, and between CumAIP and CumCRP in the fully multivariable-adjusted Cox models. The relative excess risk due to interaction (RERI) was assessed as an index of additive interaction [36, 37] between elevated CumCRP (≥ 3 mg/L) and CumAIP (≥ median) in developing diabetes, with CumCRP < 3 mg/L and CumAIP < median as the baseline. Briefly, on the hazard ratio scale, we decomposed the joint excess relative risk for both exposures (HR11-1) into the excess relative risk for elevated CumAIP (HR01-1), elevated CumCRP (HR10-1), and relative excess risk due to interaction (RERI). Specifically, we have HR11 -1 = (HR01-1) + (HR10-1) + RERI [37].
To assess the robustness of the findings, sensitivity analyses were performed by additionally adjusting for fatty liver degree as fatty liver being a result of hepatic insulin resistance (IR), lipid and inflammation disorders [38], excluding T2D occurring within the first follow-up visit, excluding participants with known CVD, excluding those with impaired fasting glucose during the exposure period, and excluding participants with incomplete data.
All statistical analyses were performed with SAS software (version 9.4; SAS Institute, Cary, NC). A two-tailed P value < 0.05 was considered statistically significant, except for interaction testing, where a P value < 0.1 was considered significant. RERI and AP greater than zero were defined as a positive deviation and considered significant when the 95% CI did not contain zero.


Results
Among the 42,925 individuals without preexisting diabetes (males [75.2%] and mean [SD] age, 52.1 [11.8] years), during a median 6.41 years (IQR: 4.25–6.87) of follow-up, 3,987 cases of T2D developed. Table 1 displays the characteristics of time-averaged cumulative and baseline information by age strata. For cumulative profiles, a persistently increasing tendency was observed in CumCRP with increasing age, whereas CumTG showed an inverse relationship. Cumulative HDL-C was slightly higher in middle age but declined in the older age group. In terms of baseline characteristics, systolic blood pressure, diastolic blood pressure, FBG, hsCRP, TC, LDL-C, HDL-C, creatine and BMI were positively associated with advancing age, whereas TG declined with advancing age. Additionally, elderly participants free of diabetes were less likely to be current smokers, current drinkers, or physically inactive and had a lower positive family history of diabetes and prevalence of dyslipidemia.Table 1Baseline characteristics of the study population


	Characteristics
	Total (n = 42,925)
	 < 40 years (n = 6364)
	40–49 years (n = 11,521)
	50–59 years (n = 13,923)
	60–69 years (n = 7658)
	 ≥ 70 years (n = 3459)
	P for trend

	Cumulative characteristics

	 CumCRP, mg/L
	1.5 (0.8,3.0)
	1.3 (0.7,2.4)
	1.3 (0.7,2.5)
	1.6 (0.9,3.1)
	1.9 (1.0,3.7)
	2.2 (1.1,4.3)
	 < 0.01

	 CumAIP
	− 0.06 ± 0.27
	− 0.06 ± 0.27
	− 0.05 ± 0.29
	− 0.05 ± 0.26
	− 0.07 ± 0.24
	− 0.10 ± 0.22
	 < 0.01

	 CumTG, mmol/L
	1.3 (1.0,1.9)
	1.4 (1.0,2.0)
	1.4 (1.0,2.1)
	1.4 (1.0,2.0)
	1.2 (0.9,1.7)
	1.1 (0.9,1.5)
	 < 0.01

	 CumHDL, mmol/L
	1.5 (1.3,1.8)
	1.5 (1.4,1.7)
	1.6 (1.4,1.8)
	1.6 (1.3,1.8)
	1.5 (1.3,1.7)
	1.4 (1.2,1.7)
	 < 0.01

	Baseline characteristics

	 Age, years
	52.1 ± 11.8
	33.4 ± 3.8
	45.1 ± 2.7
	54.5 ± 2.7
	63.5 ± 2.9
	74.6 ± 4.1
	 < 0.01

	 AIP
	− 0.06 ± 0.31
	− 0.03 ± 0.32
	− 0.05 ± 0.33
	− 0.05 ± 0.31
	− 0.09 ± 0.29
	− 0.12 ± 0.27
	 < 0.01

	 Male, no. (%)
	32,290 (75.2)
	4694 (73.8)
	8340 (72.4)
	10,452 (75.1)
	5972 (78.0)
	2832 (81.9)
	 < 0.01

	 BMI, kg/m2
	25.0 ± 3.3
	24.7 ± 3.8
	24.9 ± 3.2
	25.0 ± 3.2
	25.4 ± 3.3
	24.7 ± 3.4
	 < 0.01

	 SBP, mmHg
	129.4 ± 18.6
	119.2 ± 13.7
	124.5 ± 15.9
	130.8 ± 17.8
	137.4 ± 19.6
	141.4 ± 20.6
	 < 0.01

	 DBP, mmHg
	80.7 (79.3,90.0)
	80.0 (71.5,85.0)
	80.7 (78.7,90.0)
	82.7 (80.0,90.0)
	83.3 (80.0,90.7)
	80.7 (80.0,90.0)
	 < 0.01

	 FBG, mmol/L
	5.2 ± 0.6
	5.1 ± 0.6
	5.2 ± 0.6
	5.3 ± 0.6
	5.3 ± 0.6
	5.3 ± 0.6
	 < 0.01

	 HDL-C, mmol/L
	1.5 (1.3,1.8)
	1.4 (1.2,1.8)
	1.5 (1.2,1.8)
	1.5 (1.2,1.8)
	1.5 (1.3,1.9)
	1.5 (1.3,1.9)
	 < 0.01

	 LDL-C, mmol/L
	2.6 ± 0.8
	2.5 ± 0.7
	2.6 ± 0.7
	2.6 ± 0.8
	2.6 ± 0.9
	2.6 ± 0.9
	 < 0.01

	 TC, mmol/L
	5.0 ± 1.0
	4.7 ± 0.9
	4.9 ± 0.9
	5.0 ± 1.0
	5.1 ± 1.0
	5.1 ± 1.0
	 < 0.01

	 TG, mmol/L
	1.3 (0.9,1.8)
	1.3 (0.9,1.9)
	1.3 (0.9,2.0)
	1.3 (0.9,1.9)
	1.2 (0.9,1.7)
	1.1 (0.8,1.6)
	 < 0.01

	 Creatine, umol/L
	79.9 ± 21.1
	78.4 ± 20.8
	78.5 ± 20.3
	79.5 ± 19.7
	81.9 ± 19.3
	84.9 ± 21.1
	 < 0.01

	 HsCRP, mg/L
	1.0 (0.5,2.4)
	0.8 (0.3,1.9)
	0.9 (0.4,2.2)
	1.0 (0.5,2.3)
	1.2 (0.7,2.7)
	1.4 (0.8,3.2)
	 < 0.01

	Alcohol consumption, no. (%)
	 < 0.01

	 No
	27,879 (64.9)
	3700 (58.1)
	6653 (57.7)
	9082 (64.8)
	5736 (74.9)
	2762(79.8)
	 
	 Yes
	15,046 (35.1)
	2664 (41.9)
	4868 (42.3)
	4895 (35.2)
	1922 (25.1)
	697 (20.2)
	 
	Smoking status, no. (%)
	 < 0.01

	 Never
	26,418 (61.5)
	3798 (59.7)
	6522 (56.6)
	8119 (58.3)
	5329 (69.6)
	2650 (76.6)
	 
	 Former
	1943 (4.6)
	233 (3.6)
	466 (4.0)
	650 (4.7)
	409 (5.3)
	185 (5.3)
	 
	 Current
	14,564 (33.9)
	2333 (36.7)
	4533 (39.4)
	5154 (37.0)
	1920 (25.1)
	624 (18.1)
	 
	Education, no. (%)
	 < 0.01

	 Less than high school
	32,554 (75.8)
	2881 (45.3)
	8682 (75.4)
	11,843(85.1)
	6464 (84.4)
	2684 (77.6)
	 
	 High school and above
	10,371 (24.2)
	3483 (54.7)
	2839 (24.6)
	2080 (14.9)
	1194 (15.6)
	775 (22.4)
	 
	Physical activity, no. (%)
	 < 0.01

	 Low
	14,412 (33.5)
	2370 (37.2)
	4407 (38.3)
	4774 (34.3)
	1901 (24.8)
	960 (27.8)
	 
	 Moderate
	22,479 (52.4)
	3508 (55.2)
	6075 (52.7)
	7204 (51.7)
	4004 (52.3)
	1688 (48.8)
	 
	 High
	6034 (14.1)
	486 (7.6)
	1039 (9.0)
	1945 (14.0)
	1753 (22.9)
	811 (23.4)
	 
	 Family history of diabetes
	2290 (5.3)
	561 (8.8)
	837 (7.3)
	703 (5.0)
	162 (2.1)
	27 (0.8)
	 < 0.01

	 Hypertension
	20,630 (48.1)
	1295 (20.3)
	4559 (39.6)
	7242 (52.0)
	4985 (65.1)
	2549 (73.7)
	 < 0.01

	 Dyslipidemia
	11,691 (27.2)
	1673 (26.3)
	3196 (27.7)
	3973 (28.5)
	2021 (26.4)
	828 (23.9)
	 < 0.01

	 Antihypertensives, no. (%)
	2274 (5.3)
	45 (0.7)
	290 (2.5)
	708 (5.1)
	769 (10.0)
	462 (13.4)
	 < 0.01

	 Statin, n (%)
	251 (0.6)
	16 (0.3)
	47 (0.4)
	81 (0.6)
	70 (0.9)
	37 (1.1)
	 < 0.01

	 Fibrate, n (%)
	94 (0.2)
	6 (0.1)
	23 (0.2)
	34 (0.2)
	23 (0.3)
	8 (0.2)
	0.024


CumAIP cumulative atherogenic index for plasma, CumCRP cumulative high-sensitivity C-reactive protein, CumHDL cumulative high-density lipoprotein cholesterol, CumTG cumulative triglyceride, DBP diastolic blood pressure, FBG fasting blood glucose, hsCRP high-sensitivity C-reactive protein, SBP systolic blood pressure. Continuous variables with a normal distribution are presented as the mean with SD, while skewed data are presented as the median with IQR; categorical data are presented as numbers and percentages (%)
P for difference: all < 0.0001 except for Fibrate (P = 0.1128)



In the entire study population, isolated exposure to CumAIP (HR: 1.32, 95% CI 1.28–1.36 for per-SD increase in CumAIP) or CumCRP (average HR: 1.14, 95% CI 1.10–1.18 for per-SD increase in CumCRP) was significantly associated with incident diabetes after adjusting for age, sex, education level, smoking and drinking habits, physical activity, BMI, hypertension degree, renal function and medication use (Additional file 1: Tables S2–S3). The CumAIP-associated diabetic risks tended to be higher in those aged < 40 years (HR: 1.42, 95% CI: 1.27–1.57 per SD increase in CumAIP), albeit of a nonsignificant interaction. In contrast, a significant interaction was observed between isolated CumCRP and age groups [P-INTm: CumCRP cutoffs (1, 3 mg/L) × age groups: 0.0784; logCumCRP × age groups: 0.0027]. The average aHR (95% CI) per SD increase in logCumCRP was much higher in those aged < 40 years (HR: 1.32, 95% CI 1.18–1.48; P-trend: < 0.0001), gradually attenuating with each 10-year increase in follow-up age.
The CumAIP-associated diabetes risks varied across different CumCRP strata (Additional file 1: Table S4). We then examined the association between co-exposure to CumAIP and CumCRP and incident type 2 diabetes. In the entire cohort, co-exposure was jointly associated with increased diabetic risks. A significant interaction between CumAIP and CumCRP was observed; CumAIP (median cut-point) * CumCRP thresholds (< 1, 1–3, ≥ 3 mg/L) = 0.0126). In those with CumAIP < -0.0699, individuals with an increasing CumCRP level had significantly higher aHRs (95% CIs) of 1.61 (1.41–1.85) and 1.59 (1.37–1.85) in the 1 ≤ CumCRP < 3 and CumCRP ≥ 3 mg/L strata, respectively, relative to CumCRP < 1 mg/L. In those with CumAIP ≥ -0.0699, elevation in CumCRP strata had markedly higher risks for incident diabetes (aHR [95% CI]: 1.91 [1.66–2.20], 2.38 [2.10–2.70] and 2.53 [2.21–2.89], respectively, in CumCRP < 1, 1 ≤ CumCRP < 3, CumCRP ≥ 3 mg/L). There was a significant risk difference in the co-exposure associated type 2 diabetes risks (P-INTm: Co- exposure subgroups* age groups (< 40, 40–49, 50–59, 60–69, ≥ 70 years) = 0.0193, Fig. 1). Additional file 1: Fig. S2 presents the Kaplan‒Meier curves of the cumulative incidence of T2D in the entire cohort and across the age subgroups. Compared to those with CumAIP < -0.0699 and CumCRP < 1 mg/L, the diabetic risks for CumAIP ≥ − 0.0699 and CumCRP ≥ 3 mg/L were markedly high in those aged < 40 years (HR: 6.26, 95% CI 3.47–11.28) and decreased dramatically with each 10 year increase in age (2.26 [95% CI 1.77–2.89] for 40–49 years, 2.51 [95% CI 2.00–3.16] for 50–59 years, 2.48 [95% CI 1.86–3.30] for 60–69 years, 2.10 [95% CI 1.29–3.40] for ≥ 70 years). The significant multiplicative interaction between CumCRP thresholds and CumAIP median persisted among those aged < 40 years (P-INTm: 0.0178; Additional file 1: Table S5). We then used different co-exposure categories as the reference group. As represented in Additional file 1: Tables S6–S8, for all age groups, participants in the same CumAIP stratum but with lower CumCRP levels had significantly decreased T2D risks; those with the same CumCRP level but with lower CumAIP levels also presented a significantly protective effect.[image: ]
Fig. 1Age-associated risk of chronic inflammation and dyslipidemia for incident type 2 diabetes. P-INTm: Co-exposure subgroups and age-groups = 0.0193. G1: CumAIP < − 0.0699 and CumCRP < 1 mg/L; G2: CumAIP < -0.0699 and 1 ≤ CumCRP < 3 mg/L; G3: CumAIP < − 0.0699 and CumCRP ≥ 3 mg/L; G4: CumAIP ≥ − 0.0699 and CumCRP < 1 mg/L; G5: CumAIP ≥ − 0.0699 and 1 ≤ CumCRP < 3 mg/L; G6: CumAIP ≥ − 0.0699 and CumCRP ≥ 3 mg/L. All models were adjusted for age, sex, education, smoking status, drinking status, physical exercise, family history of diabetes, BMI, TC hypertension, eGFR antihypertensives (yes or no), and lipid-lowering agents (yes or no). Abbreviations as Table 1


We then investigated the co-exposure associated risk for incident diabetes with stratification of age < 45, 45–64, ≥ 65 years (Table 2). Likewise, there was a significant age heterogeneity (P-INTm = 0.0743). Co-exposure to CumAIP ≥ -0.0699 and CumCRP ≥ 3 mg/L was significantly associated with incident diabetes across age subgroups: 3.02 (95% CI 2.17–4.20) for the young (< 45 years), 2.39 (95% CI 2.03–2.81) for those aged 45 ~ 64 years, and 2.62 (95% CI 1.83–3.75) for the elderly (≥ 65 years). We specifically examined the supra-additive effect of elevated CumAIP and CumCRP across these age subgroups (Fig. 2; Additional file 1: Table S9). In the fully adjusted model, although a nonsignificant supra-addictive interaction was suggested among the entire cohort (RERI: 0.17, 95% CI − 0.06‒0.40) in the multivariable-adjusted model including socio-demographics, life-style factors, family history of diabetes, blood pressure, biological parameters and medication use, both elevations in CumCRP (≥ 3 mg/L) and CumAIP (≥ − 0.0699) levels reinforced a significant supra-addictive effect on diabetogenesis among the young (RERI: 0.80, 95% CI 0.10‒1.50; AP: 0.27, 95% CI 0.06‒0.47). Additionally, the supra-additive interaction between elevated CumAIP and CumCRP was borderline significant among the elderly (RERI: 0.48, 95% CI 0.01‒0.94; AP: 0.23, 95% CI 0.02‒0.43) but was nonsignificant among those aged 45 ~ 64 years (RERI: − 0.07, 95% CI − 0.36‒0.21; AP: − 0.03, 95% CI − 0.16‒0.10).Table 2Risk of incident type 2 diabetes with co-exposure to CumAIP and CumCRP across age subgroups (< 45, 45 – 65, ≥ 65 years)


	Combination of CumCRP and CumAIP, HRs (95% CIs)

	 	CumAIP < − 0.0699 and CumCRP < 1 mg/L
	CumAIP < − 0.0699 and 1 ≤ CumCRP < 3 mg/L
	CumAIP < − 0.0699 and CumCRP ≥ 3 mg/L
	CumAIP ≥ − 0.0699 and CumCRP < 1 mg/L
	CumAIP ≥ − 0.0699 and 1 ≤ CumCRP < 3 mg/L
	CumAIP ≥ − 0.0699 and CumCRP ≥ 3 mg/L

	 < 45 years (702/10597)

	 Incidence rate
	3.91
	8.68
	9.62
	11.18
	15.16
	23.31

	 Unadjusted model
	Reference
	2.22 (1.61,3.05)
	2.47 (1.67,3.65)
	2.81 (2.06,3.85)
	3.82 (2.86,5.09)
	5.98 (4.40,8.13)

	 Model 1
	Reference
	1.92 (1.39,2.64)
	1.88 (1.27,2.78)
	2.00 (1.45,2.76)
	2.39 (2.77,3.23)
	3.28 (2.36,4.55)

	 Model 2
	Reference
	1.90 (1.38,2.61)
	1.83 (1.24,2.72)
	1.85 (1.34,2.55)
	2.21 (1.64,3.00)
	3.02 (2.17,4.20)

	  P-INTm: CumAIP median × CumCRP cut-points (1, 3 mg/L) = 0.0439 (Model 2)

	45–65 years (2681/26277)

	 Incidence rate
	8.27
	14.01
	16.44
	18.23
	26.03
	27.77

	 Unadjusted model
	Reference
	1.69 (1.43,1.99)
	1.95 (1.64,2.33)
	2.19 (1.85,2.58)
	3.12 (2.69,3.62)
	3.32 (2.84,3.87)

	 Model 1
	Reference
	1.53 (1.30,1.81)
	1.69 (1.42,2.03)
	1.90 (1.61,2.25)
	2.46 (2.12,2.86)
	2.47 (2.10,2.90)

	 Model 2
	Reference
	1.51 (1.29,1.78)
	1.69 (1.42,2.03)
	1.83 (1.55,2.17)
	2.36 (2.03,2.75)
	2.39 (2.03,2.81)

	  P-INTm: CumAIP median × CumCRP cut-points (1, 3 mg/L) = 0.0710 (Model 2)

	 > 65 years (504/6051)

	 Incidence rate
	8.66
	16.82
	12.48
	22.40
	26.91
	31.12

	 Unadjusted model
	Reference
	1.94 (1.35,2.78)
	1.41 (0.96,2.08)
	2.56 (1.72,3.80)
	3.06 (2.17,4.33)
	3.53 (2.49,5.00)

	 Model 1
	Reference
	1.80 (1.25,2.58)
	1.28 (0.87,1.88)
	2.20 (1.47,3.27)
	2.45 (1.73,2.49)
	2.71 (1.90,3.87)

	 Model 2
	Reference
	1.76 (1.22,2.53)
	1.24 (0.84,1.83)
	2.10 (1.41,3.13)
	2.37 (1.66,3.37)
	2.62 (1.83,3.75)

	  P-INTm: CumAIP median × CumCRP cut-points (1, 3 mg/L) = 0.0300 (Model 2)


P-INTm: co-exposure subgroups*age subgroups (< 45, 45 ~ 65, ≥ 65 years) = 0.0743 (model 2)
Model 1: adjusted for age, sex, education, smoking status, drinking status, physical exercise, family history of diabetes, BMI, antihypertensives (yes or no), and lipid-lowering agents (yes or no);
Model 2: model 1 + TC, hypertension degree, and eGFR
CumAIP cumulative atherogenic index of plasma, CumCRP cumulative high-sensitivity C-reactive protein, CI confidence interval, eGFR estimated glomerular filtration rate, HR hazard ratio, TC total cholesterol, INTm multiplicative interaction
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Fig. 2Kaplan‒Meier curves of the cumulative incidence of type 2 diabetes across age subgroups and age-specific relative risks of diabetes with separate contributions from chronic inflammation, atherogenic dyslipidemia, and their interaction. RERI: Relative excess risk due to interaction. For the analysis of RERI, the baseline category was low CumCRP (< 3 mg/L) with low CumAIP (< − 0.0699). Multi-variable Cox model was adjusted for sex, age, education, smoking status, drinking status, physical exercise, family history of diabetes, hypertension degrees, TC hypertension, eGFR antihypertensives, and lipid-lowering agents


The results remained robust in the sensitivity analyses when additionally adjusting for the fatty liver degree (Additional file 1: Table S10), excluding study endpoints that occurred within the first follow-up visit (Additional file 1: Table S11), excluding participants with known CVD (Additional file 1: Table S12) or documented impaired fasting glucose in the exposure period (Additional file 1: Table S13), and the analysis was conducted on nonimputed data (Additional file 1: Tables S14–S15).

Discussion
Our study observed a significant interaction between cumulative inflammation and atherogenic dyslipidemia associated with T2D onset among the general population. Moreover, this interaction was highly age dependent, particularly significant in young adults (age < 40 years). Young adults in this co-exposure had the highest adjusted HR (95% CI), attenuating greatly with increasing age. Notably, concomitant disorders in chronic inflammation and dyslipidemia had a synergistically additive effect on developing young-onset diabetes.
Our results provide support for the established biological link between atherogenic dyslipidemia and systemic inflammation in diabetogenesis [18] from an epidemiological landscape. It is essential to know that these risk factors do not act in isolation. Prior studies have demonstrated that these two systems are intertwined biological processes underlying the foundation of IR and insulin deficiency [10, 11, 39]. Prominent atherogenic dyslipidemia, probably as a result of obesity, enhances chronic tissue inflammation by elevating lipolysis and leakage of cytokines, thereby inducing IR [18, 40]. In turn, elevated inflammation and IR drive the remodeling of lipid fractions and compositions [41, 42], to an extent, worsening insulin signaling [10, 43], e.g., in obesity settings [40, 41].
Notably, in our study, the interaction between atherogenic dyslipidemia and inflammation and the T2D risk with their co-exposure were highly age specific. In co-exposure to chronic inflammation and atherogenic dyslipidemia, the T2D risks were markedly higher in young individuals (HR: 6.26, 95% CI [3.47–11.28]) than in other age groups. Moreover, the significant additive interaction between chronic inflammation and dyslipidemia in developing young-onset diabetes warrants attention, as the additive effect appeared to suggest a biological interplay, thus meriting further trials to unravel the underlying mechanism.
We interpreted the finding as the involvement of multifactorial influences on both lipid and inflammation abnormalities among young adults [3, 44]. As T2D is a typically age-related disease, its etiology is highly involved in “inflamm-aging” [45], where chronic, low-grade, and sterile inflammation accumulates with advancing age [20, 21]. Our findings that both cumulative and baseline hsCRP increased with every ten-year increase further corroborated this phenomenon. However, for reasons not completely understood, abnormal inflammation occurs early in young people and contributes to diabetogenesis. As such, young individuals who naturally have a low inflammation level but suffer from aberrant inflammation have a significantly higher diabetic risk, especially in those with basal metabolic disorders.
As described above [18, 40], the pandemic of overweight and obesity potentiated an important source of aberrant inflammation and atherogenic dyslipidemia, thus contributing to the magnitude of prevalence of young-onset diabetes [44, 46]. Aside from obesity-derived metabolic inflammation, pro-inflammatory diet preferences [47, 48], increased stress and depressive symptoms [49, 50] are also capable of enhancing the inflammatory burden in developing younger-onset diabetes. Indeed, impaired glucose control in younger adults was identified to be associated with biological and phycological factors, e.g., less healthy diet choices and habitual physical activities, negative life events, greater chronic stress, and higher depressed affect [51].
The significant age difference in the risk of developing diabetes conferred by the most common risk factors observed here partly explains the increasing prevalence of early-onset diabetes in current dyslipidemia- and inflammation-saturated environments. Young-onset diabetes is a unique patient subgroup due to its great etiological engagement in physical, psychological disorders, or both and needs special attention [51]. Additionally, younger-onset T2D is more detrimental to overall health [5–8], highlighting the significance of early precise intervention strategies against its onset. Convincing results from famous studies brought inspiring perspectives that early intensive interventions could reverse the risk of T2D [52, 53]. Our study supports intensive lifestyle management against atherogenic dyslipidemia for T2D prevention in all age groups. Furthermore, there is an urgent need for measures to identify and manage risk factors for excessively high inflammation in young adults. Notably, most chronic inflammation-promoting factors are probably modifiable, e.g., poor diet, sleep deficiency, physical inactivity, tobacco smoking, environmental toxicant exposure and psychological stress [54]. More social and family attention to both physical and psychological health in the young population is necessary [51].
This study has several strengths. The prolonged exposure burden is what truly matters in diabetogenesis [52]. With the facilitation of a longitudinal cohort, our study characterized the age-specific cumulative profiles in atherogenic lipid complexes and inflammation at approximately four years predating follow-up, which would be more stable and reliable than risk prediction tools based on cross-sectional data. Additionally, this cohort provided an opportunity to investigate the age-related risk factors for T2D in adulthood owing to an extensive time span of follow-up age. Furthermore, the high-quality data from this well-designed, prospective cohort study strengthened the weight of the results.
This study also has limitations. First, this investigation was composed primarily of Han Chinese individuals in North China, potentially limiting the generalizability of the results to individuals in the rest of the country or other races/ethnicities. Second, the sex skew of this cohort may lead to bias in the results, although it would be mild in view of the large study population. Third, there may have been biased estimations of the incidence of T2D, being overestimated as the diagnostic criteria were based on a single measurement of FBG instead of two test results or being underestimated as the diagnostic criteria were based on FBG level and/or antidiabetic medication, without the measurement of hemoglobin A1c and/or oral glucose tolerance testing [29]. Fourth, there may have been recall bias on covariates, including life-style factors (including drinking habits, smoking status and physical activities) and medication history, as they were self-reported from the participants [55]. This may partly explain the low prevalence of medication use of the study participants, as answering these questions naturally tends to be underreported, although the low prevalence of existing cardiometabolic diseases among the study participants and the region- and nation-specific differences in drug resources and policies as well as patient compliance in that era may also contribute to the low prevalence of medication use of anti-hypertensive and lipid-lowering drugs. Fifth, we had no available data regarding anti-inflammatory drugs among the study population, which may have potentially confounded the results. Additionally, we failed to distinguish between T2D and type 1 diabetes in this study cohort. Nevertheless, the misclassification would be minimal, given that the average age of the study population was much higher (52.1 years) than the usual type 1 diabetes onset age, and T2D accounts for 95% of all diabetes in the Chinese population. Further studies are warranted to replicate our findings in other populations.

Conclusions
Our study, for the first time, demonstrated a significant age-dependent association of co-exposure to cumulative inflammation and atherogenic dyslipidemia with T2D onset among the Han Chinese population. In light of the significant interactions, it is promising to further leverage the associations to identify persons at risk of T2D and formulate age-specific, early, and active preventive strategies. Furthermore, it is reasonable to hypothesize that the clinical benefit derived from dual-target intervention against dyslipidemia and inflammation will exceed the sum of each part alone, especially in young adults.

Acknowledgements
We sincerely express our gratitude to all the staff and participants of the Kailuan Cohort for their invaluable contributions.

Author contributions
DW, YL, SW, WW, JG and YC made substantial contributions to the conception and design, acquisition of data, interpretation of data, and revised the manuscript critically for important intellectual content. DW, YL, ZC, XD and WQW were central to performing data analyses and drafting the manuscript. XD, ZC, WW, SL, LC, ZG and LB contributed to the acquisition of data and revised the manuscript critically for important intellectual content. All authors gave final approval of the version to be published. YC, WW, JG and SW are the guarantors of this work. All authors have full access to all study data and assume responsibility for data integrity and analytical accuracy.

Funding
This work was supported by the National Natural Science Foundation of China (81870312 and NSFC 81561128020–NHMRC APP1112767) and the Guangdong Science and Technology Department (202053-75 and 202053-74).

Availability of data and materials
The datasets used and/or analyzed during the current study are available from the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
The study was performed according to the guidelines of the Helsinki Declaration and was approved by the Ethics Committee of Kailuan General Hospital (Approval Number: 2006-05) and the Human Research Ethics Committee of Edith Cowan University (Approval Number: 2021-03159-BALMER). All participants agreed to participate in the study and provided informed written consent.

Consent for publication
Not applicable.

Competing interests
The authors declare no potential competing interests.


References
	1.
Saeedi 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, 9(th) edition. Diabetes Res Clin Pract. 2019;157: 107843.PubMed

	2.
Chan J, et al. The lancet commission on diabetes: using data to transform diabetes care and patient lives. Lancet. 2021;396(10267):2019–82.PubMed

	3.
Li Y, et al. Prevalence of diabetes recorded in mainland China using 2018 diagnostic criteria from the american diabetes association: national cross sectional study. BMJ. 2020;369: m997.PubMedPubMedCentral

	4.
Aung L, et al. Bariatric surgery for patients with early-onset vs late-onset type 2 diabetes. JAMA Surg. 2016;151(9):798–805.PubMed

	5.
Zhao M, et al. Associations of type 2 diabetes onset age with cardiovascular disease and mortality: the Kailuan study. Diabetes Care. 2021;44(6):1426–32.PubMedPubMedCentral

	6.
Khoo CM, et al. Use of sodium-glucose co-transporter-2 inhibitors in Asian patients with type 2 diabetes and kidney disease: an Asian perspective and expert recommendations. Diabetes Obes Metab. 2021;23(2):299–317.PubMed

	7.
Barbiellini Amidei C, et al. Association between age at diabetes onset and subsequent risk of dementia. jama. 2021;325(16):1640–9.PubMedPubMedCentral

	8.
Magliano D, et al. Young-onset type 2 diabetes mellitus - implications for morbidity and mortality. Nat Rev Endocrinol. 2020;16(6):321–31.PubMed

	9.
Kato M, Natarajan R. Epigenetics and epigenomics in diabetic kidney disease and metabolic memory. Nat Rev Nephrol. 2019;15(6):327–45.PubMedPubMedCentral

	10.
Dugani S, et al. Association of lipoproteins, insulin resistance, and rosuvastatin with incident type 2 diabetes mellitus : secondary analysis of a randomized clinical trial. JAMA Cardiol. 2016;1(2):136–45.PubMedPubMedCentral

	11.
Taskinen MR. Diabetic dyslipidaemia: from basic research to clinical practice. Diabetologia. 2003;46(6):733–49.PubMed

	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.
Li YW, et al. Atherogenic index of plasma as predictors for metabolic syndrome, hypertension and diabetes mellitus in Taiwan citizens: a 9-year longitudinal study. Sci Rep. 2021;11(1):9900.PubMedPubMedCentral

	14.
Onat A, et al. “Atherogenic index of plasma” (log10 triglyceride/high-density lipoprotein-cholesterol) predicts high blood pressure, diabetes, and vascular events. J Clin Lipidol. 2010;4(2):89–98.PubMed

	15.
Ma X, et al. Prognostic impact of the atherogenic index of plasma in type 2 diabetes mellitus patients with acute coronary syndrome undergoing percutaneous coronary intervention. Lipids Health Dis. 2020;19(1):240.PubMedPubMedCentral

	16.
Dobiásová M. AIP–atherogenic index of plasma as a significant predictor of cardiovascular risk: from research to practice. Vnitr Lek. 2006;52(1):64–71.PubMed

	17.
Kahn SE, Cooper ME, Del Prato S. Pathophysiology and treatment of type 2 diabetes: perspectives on the past, present, and future. Lancet. 2014;383(9922):1068–83.PubMed

	18.
Glass C, Olefsky J. Inflammation and lipid signaling in the etiology of insulin resistance. Cell Metab. 2012;15(5):635–45.PubMedPubMedCentral

	19.
Sell H, Habich C, Eckel J. Adaptive immunity in obesity and insulin resistance. Nat Rev Endocrinol. 2012;8(12):709–16.PubMed

	20.
Franceschi C, et al. Inflamm-aging. an evolutionary perspective on immunosenescence. Ann N Y Acad Sci. 2000;908:244–54.PubMed

	21.
Liberale L, et al. Inflammation, aging, and cardiovascular disease: JACC review topic of the week. J Am Coll Cardiol. 2022;79(8):837–47.PubMedPubMedCentral

	22.
Park Y, et al. The effect of cardiorespiratory fitness on age-related lipids and lipoproteins. J Am Coll Cardiol. 2015;65(19):2091–100.PubMedPubMedCentral

	23.
Lipid and inflammatory cardiovascular risk worsens over 3 years in youth with type 2 diabetes: the TODAY clinical trial. Diabetes Care. 2013. 36(6):1758–1764.

	24.
Nadeau KJ, et al. Insulin resistance in adolescents with type 2 diabetes is associated with impaired exercise capacity. J Clin Endocrinol Metab. 2009;94(10):3687–95.PubMedPubMedCentral

	25.
Zhang Q, et al. Ideal cardiovascular health metrics and the risks of ischemic and intracerebral hemorrhagic stroke. Stroke. 2013;44(9):2451–6.PubMed

	26.
Wu S, et al. Association of trajectory of cardiovascular health score and incident cardiovascular disease. JAMA Netw Open. 2019;2(5): e194758.PubMedPubMedCentral

	27.
Zheng M, et al. Arterial stiffness preceding diabetes: a longitudinal study. Circ Res. 2020;127(12):1491–8.PubMed

	28.
Wang Z, et al. Metabolic syndrome, high-sensitivity C-reactive protein levels and the risk of new-onset atrial fibrillation: Results from the Kailuan study. Nutr Metab Cardiovasc Dis. 2021;31(1):102–9.PubMed

	29.
ElSayed NA, et al. Classification and diagnosis of diabetes: standards of care in diabetes-2023. Diabetes Care. 2023;46(Suppl 1):S19-s40.PubMed

	30.
Wang A, et al. Measures of adiposity and risk of stroke in China: a result from the Kailuan study. PLoS ONE. 2013;8(4): e61665.PubMedPubMedCentral

	31.
Huang Y, et al. Mid- to late-life time-averaged cumulative blood pressure and late-life retinal microvasculature: the ARIC study. J Am Heart Assoc. 2022;11(15): e25226.PubMedPubMedCentral

	32.
Wang YX, et al. Predictive value of cumulative blood pressure for all-cause mortality and cardiovascular events. Sci Rep. 2017;7:41969.PubMedPubMedCentral

	33.
Ridker P. A test in context: high-sensitivity c-reactive protein. J Am Coll Cardiol. 2016;67(6):712–23.PubMed

	34.
Levey AS, et al. A new equation to estimate glomerular filtration rate. Ann Intern Med. 2009;150(9):604–12.PubMedPubMedCentral

	35.
Whelton PK, et al. 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA guideline for the prevention, detection, evaluation, and management of high blood pressure in adults: a report of the american college of cardiology/american heart association task force on clinical practice guidelines. J Am Coll Cardiol. 2018;71(19):e127–248.PubMed

	36.
Shan Z, et al. Rotating night shift work and adherence to unhealthy lifestyle in predicting risk of type 2 diabetes: results from two large US cohorts of female nurses. BMJ. 2018;363: k4641.PubMedPubMedCentral

	37.
VanderWeele TJ, Tchetgen Tchetgen EJ. Attributing effects to interactions. Epidemiology. 2014;25(5):711–22.PubMedPubMedCentral

	38.
Targher G, et al. The complex link between NAFLD and type 2 diabetes mellitus - mechanisms and treatments. Nat Rev Gastroenterol Hepatol. 2021;18(9):599–612.PubMed

	39.
Wensveen FM, et al. The “Big Bang” in obese fat: Events initiating obesity-induced adipose tissue inflammation. Eur J Immunol. 2015;45(9):2446–56.PubMed

	40.
Saltiel AR, Olefsky JM. Inflammatory mechanisms linking obesity and metabolic disease. J Clin Invest. 2017;127(1):1–4.PubMedPubMedCentral

	41.
Esser N, et al. Inflammation as a link between obesity, metabolic syndrome and type 2 diabetes. Diabetes Res Clin Pract. 2014;105(2):141–50.PubMed

	42.
Vergès B. Pathophysiology of diabetic dyslipidaemia: where are we? Diabetologia. 2015;58(5):886–99.PubMedPubMedCentral

	43.
Ellsworth DL, et al. Lifestyle modification interventions differing in intensity and dietary stringency improve insulin resistance through changes in lipoprotein profiles. Obes Sci Pract. 2016;2(3):282–92.PubMedPubMedCentral

	44.
Pan X, Wang L, Pan A. Epidemiology and determinants of obesity in China. Lancet Diabetes Endocrinol. 2021;9(6):373–92.PubMed

	45.
Franceschi C, et al. Inflammaging: a new immune-metabolic viewpoint for age-related diseases. Nat Rev Endocrinol. 2018;14(10):576–90.PubMed

	46.
Pirillo A, et al. Global epidemiology of dyslipidaemias. Nat Rev Cardiol. 2021;18(10):689–700.PubMed

	47.
Shivakoti R, et al. Intake and sources of dietary fiber, inflammation, and cardiovascular disease in older US adults. JAMA Netw Open. 2022;5(3): e225012.PubMedPubMedCentral

	48.
Li J, et al. Dietary inflammatory potential and risk of cardiovascular disease among men and women in the US. J Am Coll Cardiol. 2020;76(19):2181–93.PubMedPubMedCentral

	49.
Latham R, et al. Longitudinal associations between adolescents’ individualised risk for depression and inflammation in a UK cohort study. Brain Behav Immun. 2022;101:78–83.PubMedPubMedCentral

	50.
Heidt T, et al. Chronic variable stress activates hematopoietic stem cells. Nat Med. 2014;20(7):754–8.PubMedPubMedCentral

	51.
Hessler D, et al. Patient age: a neglected factor when considering disease management in adults with type 2 diabetes. Patient Educ Couns. 2011;85(2):154–9.PubMed

	52.
Magnussen CG, et al. Pediatric metabolic syndrome predicts adulthood metabolic syndrome, subclinical atherosclerosis, and type 2 diabetes mellitus but is no better than body mass index alone: the bogalusa heart study and the cardiovascular risk in young finns study. Circulation. 2010;122(16):1604–11.PubMedPubMedCentral

	53.
Herman WH, et al. Impact of lifestyle and metformin interventions on the risk of progression to diabetes and regression to normal glucose regulation in overweight or obese people with impaired glucose regulation. Diabetes Care. 2017;40(12):1668–77.PubMedPubMedCentral

	54.
Furman D, et al. Chronic inflammation in the etiology of disease across the life span. Nat Med. 2019;25(12):1822–32.PubMedPubMedCentral

	55.
Coughlin SS. Recall bias in epidemiologic studies. J Clin Epidemiol. 1990;43(1):87–91.PubMed



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


OEBPS/images/12933_2023_1878_Fig2_HTML.png
0.2 Age < 4o years

< 0.18
Age < 45 years _ Log-Rank P <0.0001
016
35 ¢ g o014
B Excess risk due to interaction § oids
. - 8o
3 BExcess risk due to CumAIP > -0.0699 RERI: 0.800 (0.102 to 1.499) 2 o
DExcess risk due to CumCRP 2 3 mg/L £ oos
= Bl =
O 25 | OBaseline risk 2 006
§ 3 0.04
e 2t 0.02
-
] o
= o 1 2 3 4 5 6
@15 ¢ No. at risk Follow-up (years)
] Gl 2424 2421 2368 2299 2156 1891 1620
E 1r G2 2067 2057 2028 1960 1861 1610 1441
G3 773 770 751 723 687 580 531
0.5 G4 1762 1753 1726 1674 1579 1434 1134
G5 2544 2531 2464 2398 2237 2026 171
0 Gs 1027 1019 969 929 850 743 624
0 45 < Age < 65 years
<
45 <Age <65 years - Log-Rank P <0.0001
016
35 - . . . 8 014
mExcess risk due to interaction P
Bo.
3 | BExcess risk due to CumAIP > -0.0699 2 o1
-3 OExcess risk due to CumCRP 2 3 mg/L RERI: -0.074 (-0.362 to 0.213) % 0.08
o 5 I oBaseline risk E 0.06
2 5
b 2 3 0.04
(L3 0.02
G 15| o
<4 o 1 2 3 4 5 6
e 1 No. at risk Follow-up (years)
= G1 4459 4438 4263 3874 3639 2978 2678
£ o5 | G2 4979 4945 4746 4340 4057 3338 3054
G3 2879 2853 2665 2434 2274 1914 1714
0 G4 3354 3328 3180 2849 2623 2191 1824
G5 5844 5779 5455 4990 4549 3728 3151
-05 L G6 3525 3463 3230 2993 2742 2262 1959
0.2
&1 Age = 65 years
018 - Log-Rank P <0.0001 e
Age = 65 years g o6
8 014
35 . . . §
mExcess risk due to interaction E-] 0.12
3 | BExcess risk due to CumAIP > -0.0699 = o1
2
DExcess risk due to CUmMCRP 2 3 mg/L. g o0
= o5 Stk 9 RERI: 0.478 (0.013 to 0.943) = oos
O <7 [ DBaseline risk £
3 0.04
N
n 2 0.02
o
- o
% 15 o 1 3 a 3 6
g=3 Follow-up (years)
©
1t Gl 862 850 817 730 700 528 467
% G2 1269 1265 1194 1060 1001 760 662
¢ 05 G3 1170 154 1066 954 860 665 559
G4 535 531 506 457 425 320 259
0 G5 1198 179 1098 967 892 663 526
- G6 1017 994 879 768 681 52 442






OEBPS/navigation.xhtml

    
      Contents


      
        		Supra-additive effect of chronic inflammation and atherogenic dyslipidemia on developing type 2 diabetes among young adults: a prospective cohort study


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/images/12933_2023_1878_Fig1_HTML.png
Subgroups Event/Total Incidence Rate

HR (935% Cl)

Entire cohort

G1 320/8015 6.91
G2 635/8524 13.01
G3 387/4924 14.38
G4 540/5867 16.31
G5 1265/9880 23.09
G6 840/5715 27.44
<40 years
G1 15/1458 1.68
G2 56/1285 7.07
G3 25/473 8.76
G4 53/985 8.88
G5 133/1541 14.34
G6 71/622 19.33
40-49 years
G1 110/2534 7.30
G2 140/2075 11.39
G3 81/968 14.39
G4 184/1927 16.25
G5 353/2737 22.22
G6 195/1280 27.44
50-59 years
G1 107/2381 8.06
G2 228/2802 14.50
G3 143/1627 16.19
G4 189/1896 18.69
G5 436/3249 24.97
G6 290/1968 27.25
60-69 years
G1 65/1133 10.17
G2 147/1660 15.88
G3 89/1120 14.82
G4 86/779 20.19
G5 250/1687 27.87
G6 211/1279 32.40
>70 years
G1 23/509 8.62
G2 64/702 17.78
G3 49/736 13.63
G4 28/280 19.50
G5 93/666 29.09
G6 73/566 27.27

o 1559 (1.37,1.85)

Do 1.91 (1.66,2.20)
- 2.38(2.102.70)
o

..2:93(2.21,2.89)

1
: 3.60 (2.03,6.39)
3.97 (2.08,7.59)

3.75 (2.08,6.77)
..5:33(3.06,9.31)

o 6.26 (3.47,11.28)

é 1

; 1.36 (1.05,1.74)
1.56 (1.17,2.08)
1.64 (1.29,2.09)
1.99 (1.59,2.49)
2.26 (1.77,2.89)

P 1
1.66 (1.32,2.09)
1.80 (1.40,2.32)
1.94 (1.52,2.46)

2.43(1.96,3.01)
2.51 (2.00,3.16)

3
" 1.41(1.05,1.89)

H 1
1.80 (1.11,2.90)
1.27 (0.77,2.10)

.2:10(1:29,3.40)

0.5 2.5 4.5 6.5 8.5
Adiusted HR (95% CI)

105 125





OEBPS/css/sidebar.gif





