Table 1. Verified multi-evidence ranking of the 10 candidate metabolic indicators. The table reports development associations, false-discovery-rate q values, mean ranks across association, predictive-performance, incremental-value, and transportability domains, and bootstrap stability measures for the ten locked candidate indicators.
	Overall
rank
	Indicator
	Development association
	Mean domain rank (lower is better)
	Bootstrap stability
	Evidence role

	
	
	OR per SD
(95% CI)
	FDR q
	Association
	Predictive
	Incremental
	Transportability
	Champion, %
	Top 3, %
	

	1
	AIP
	1.12 (1.00–1.26)
	0.096
	4.50
	3.60
	2.89
	4.40
	39.4
	75.0
	Moderate consensus champion

	2
	TG/HDL-C
	1.11 (1.02–1.21)
	0.074
	3.75
	3.80
	3.44
	6.60
	11.4
	57.2
	Pareto-front contender

	3
	TyG-WC
	1.13 (1.02–1.26)
	0.074
	1.75
	5.40
	5.56
	5.40
	4.4
	23.2
	Pareto-front contender

	4
	TyG
	1.08 (0.97–1.21)
	0.194
	8.50
	4.40
	4.56
	1.20
	19.1
	67.4
	Pareto-front contender

	5
	METS-IR
	1.13 (1.02–1.25)
	0.074
	2.75
	5.33
	5.00
	6.20
	14.1
	37.6
	Pareto-front contender

	6
	WHtR
	1.09 (0.98–1.22)
	0.158
	7.50
	5.20
	5.33
	5.40
	9.3
	27.2
	Non-champion

	7
	Lower SPISE
	1.13 (1.01–1.27)
	0.074
	2.25
	7.07
	7.22
	8.40
	0.6
	4.0
	Non-champion

	8
	TyG-BMI
	1.10 (0.99–1.23)
	0.122
	6.50
	6.40
	6.11
	6.20
	0.3
	8.2
	Non-champion

	9
	Lower eGDR
	1.11 (0.95–1.29)
	0.206
	7.50
	7.27
	8.00
	5.60
	0.5
	3.8
	Non-champion

	10
	non-HDL-C
	1.02 (0.90–1.15)
	0.808
	10.00
	6.53
	6.89
	5.60
	0.9
	8.0
	Non-champion


Notes: Overall ranks summarize the prespecified association, predictive-performance, incremental-value, and transportability domains. Lower domain ranks indicate better performance. The odds ratio (OR) is reported per 1-standard-deviation increase in each indicator in the ELSA development sample. Bootstrap probabilities describe the frequency of ranking first or within the top three across participant-level resamples. Overall ranking does not imply uniform superiority in every validation setting. CI, confidence interval; FDR, false discovery rate.


Table 2. Focused validation performance, incremental value, and calibration of selected models. Panel A reports discrimination, precision-recall, and Brier performance for the Clinical model and the Clinical model plus AIP, TyG, or Core-3 in ELSA temporal validation and HRS external validation. Panel B reports calibration intercepts, calibration slopes, descriptive guardrail status, and overall validation interpretation for the same frozen prediction models.
Panel A. Predictive performance and incremental value
	Validation stage
	Model
	Discrimination
	Precision-recall
	Overall accuracy

	
	
	AUROC
(95% CI)
	ΔAUROC, pp
(95% CI)
	P(Δ>0)
	AUPRC
(95% CI)
	ΔAUPRC, pp
(95% CI)
	P(Δ>0)
	Brier score
(95% CI)
	Improvement ×1000
(95% CI)
	P(>0)

	ELSA temporal validation
	Clinical
	0.669 (0.631–0.704)
	Reference
	
	0.056 (0.041–0.086)
	Reference
	
	0.027 (0.024–0.031)
	Reference
	

	
	Clinical + AIP
	0.678 (0.639–0.711)
	0.87 (0.06–1.77)
	97.8%
	0.062 (0.044–0.091)
	0.56 (-0.58–1.79)
	77.2%
	0.027 (0.024–0.031)
	0.02 (-0.03–0.07)
	79.8%

	
	Clinical + TyG
	0.676 (0.639–0.711)
	0.67 (0.21–1.16)
	99.6%
	0.057 (0.042–0.087)
	0.11 (-0.04–0.33)
	92.8%
	0.027 (0.024–0.031)
	0.02 (-0.01–0.04)
	91.4%

	
	Clinical + Core-3
	0.674 (0.637–0.709)
	0.44 (-0.14–1.05)
	94.0%
	0.059 (0.043–0.089)
	0.29 (-0.52–1.46)
	75.6%
	0.027 (0.024–0.031)
	0.01 (-0.03–0.05)
	70.4%

	HRS external validation
	Clinical
	0.643 (0.607–0.682)
	Reference
	
	0.056 (0.045–0.076)
	Reference
	
	0.032 (0.028–0.038)
	Reference
	

	
	Clinical + AIP
	0.650 (0.613–0.690)
	0.64 (-0.50–1.78)
	87.8%
	0.057 (0.045–0.074)
	0.07 (-0.40–0.36)
	62.6%
	0.032 (0.028–0.038)
	0.02 (-0.05–0.08)
	65.6%

	
	Clinical + TyG
	0.652 (0.616–0.692)
	0.92 (-0.11–1.99)
	95.6%
	0.058 (0.046–0.078)
	0.23 (-0.28–0.73)
	86.8%
	0.032 (0.028–0.038)
	0.05 (-0.01–0.13)
	93.6%

	
	Clinical + Core-3
	0.658 (0.622–0.697)
	1.44 (0.19–2.65)
	98.8%
	0.060 (0.048–0.081)
	0.42 (-0.09–1.09)
	96.0%
	0.032 (0.028–0.038)
	0.04 (-0.09–0.19)
	73.4%


Panel B. Calibration and validation interpretation
	Validation stage
	Model
	Calibration intercept (95% CI)
	Calibration slope (95% CI)
	Descriptive guardrail
	Overall validation interpretation

	ELSA temporal validation
	Clinical
	-0.16 (-0.31–-0.01)
	0.90 (0.66–1.09)
	Pass
	Reference model

	
	Clinical + AIP
	-0.13 (-0.29–0.02)
	0.91 (0.68–1.10)
	Pass
	No stable cross-validation net benefit

	
	Clinical + TyG
	-0.16 (-0.31–-0.01)
	0.93 (0.69–1.12)
	Pass
	Decision-curve results did not overcome calibration limitations

	
	Clinical + Core-3
	-0.16 (-0.31–-0.01)
	0.91 (0.68–1.10)
	Pass
	Decision-curve results did not overcome calibration limitations

	HRS external validation
	Clinical
	0.04 (-0.10–0.19)
	0.75 (0.53–0.96)
	Fail
	Reference model

	
	Clinical + AIP
	0.05 (-0.09–0.20)
	0.76 (0.55–0.98)
	Fail
	No stable cross-validation net benefit

	
	Clinical + TyG
	0.03 (-0.11–0.18)
	0.78 (0.57–1.01)
	Fail
	Decision-curve results did not overcome calibration limitations

	
	Clinical + Core-3
	-0.07 (-0.21–0.09)
	0.78 (0.59–0.99)
	Fail
	Decision-curve results did not overcome calibration limitations


Notes: All incremental estimates represent the change after adding the specified marker to the same locked Clinical model. Positive values for ΔAUROC, ΔAUPRC, and Brier improvement favor the candidate model. Brier improvement was calculated as Brier(Clinical) minus Brier(candidate) and multiplied by 1000. Calibration intercepts and slopes were estimated from individual-level frozen predictions; grouped calibration points were used only for graphical display. “Reference” denotes the Clinical model. pp, percentage points; AUROC, area under the receiver operating characteristic curve; AUPRC, area under the precision-recall curve; CI, confidence interval; DCA, decision-curve analysis.

