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Supplement Methods: 
Ascertainment of dementia
Dementia cases in the UK Biobank were linked to hospital inpatient admissions and death registries [1]. Inpatient admissions records were available from the Hospital Episode Statistics for England, the Scottish Morbidity Record for Scotland, and the Patient Episode Database for Wales. Death registry records were available from the NHS England for England and Wales, and the Information and Statistics Division for Scotland. Primary and secondary hospital diagnoses and causes of death were recorded using the International Classification of Diseases (ICD-10) coding system. The ICD codes used to ascertain dementia were selected and validated by the UK Biobank outcome adjudication group. In this study, health conditions were updated in the linkage to the healthcare system to December 2022.

In ARIC, dementia was defined by at least one of the following criteria: 1) adjudicated dementia based on a complete neuropsychological battery, informant interviews, and expert review at ARIC Neurocognitive Study visits; 2) dementia determined from telephone interviews with participant or informant; or 3) dementia based on a prior discharge hospitalization ICD-9 or death code for dementia [2]. If participants met more than one of the criteria, the earliest date of dementia was used.

Surveillance for incident dementia was conducted using routine cognitive screening at each FOS examination cycle with the Mini-Mental State Examination (MMSE) [3] and with complete neuropsychological testing at selected examination cycles [4]. If assessments were suggestive of possible dementia, the case was referred to our dementia review committee, comprising a neurologist and neuropsychologist. A diagnosis of dementia was made in line with the Diagnostic and Statistical Manual of Mental Disorders, 4th edition [5].
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Table S1. The missing number and rate of covariates in the UK Biobank, the Atherosclerosis Risk in Communities study, and the Framingham Offspring Study.
	Variable
	UKB
(n = 295,823)
	ARIC
(n = 12,547)
	FOS
(n = 2,004)

	Age
	0 (0.00%)
	0 (0.00%)
	0 (0.00%)

	Sex
	0 (0.00%)
	0 (0.00%)
	0 (0.00%)

	Race
	257 (0.09%)
	0 (0.00%)
	476 (23.75%)

	Education
	255 (0.09%)
	18 (0.14%)
	45 (2.25%)

	Townsend deprivation index
	348 (0.12%)
	NA
	NA

	Household income
	NA
	697 (5.56%)
	638 (31.84%)

	Smoking status
	1,293 (0.44%)
	11 (0.09%)
	2 (0.10%)

	Alcohol intake
	21,788 (7.37%)
	56 (0.45%)
	200 (9.98%)


Abbreviations: UKB, UK Biobank; ARIC, Atherosclerosis Risk in Communities; FOS, Framingham Offspring Study; NA, not applicable.

Table S2. Baseline characteristics of the study population by BMI-metabolic phenotypes in the UK Biobank.
	　
	BMI-metabolic phenotypes
	

	　
	MNNO
	MANO
	MNO
	MAO
	P-value

	Number
	121,593
	101,671
	16,941
	55,618
	

	Age, y, mean (SD)
	55.2 (6.0)
	57.5 (5.7)
	55.1 (5.9)
	56.8 (5.8)
	<0.001

	Female, No. (%)
	77,943 (64.1)
	46,832 (46.1)
	11,002 (64.9)
	27,898 (50.2)
	<0.001

	White ethnicity, No. (%)
	117,032 (96.3)
	95,351 (93.9)
	16,045 (94.8)
	52,388 (94.3)
	<0.001

	Tertiary education, No. (%)
	47,838 (39.4)
	32,170 (31.7)
	4,826 (28.5)
	13,694 (24.6)
	<0.001

	TDI, No. (%)
	
	
	
	
	

	Quartile 1 (least deprived)
	33,895 (27.9)
	26,855 (26.4)
	3,960 (23.4)
	12,002 (21.6)
	<0.001

	Quartile 2
	31,824 (26.2)
	26,066 (25.6)
	4,149 (24.5)
	12,844 (23.1)
	

	Quartile 3
	30,470 (25.1)
	25,199 (24.8)
	4,345 (25.6)
	14,207 (25.5)
	

	Quartile 4 (most deprived)
	25,404 (20.9)
	23,551 (23.2)
	4,487 (26.5)
	16,565 (29.8)
	

	Smoking status, No. (%)
	
	
	
	
	

	Never smokers
	10,661 (8.8)
	13,204 (13.0)
	1,251 (7.4)
	5,803 (10.5)
	<0.001

	Former smokers
	38,342 (31.6)
	34,683 (34.3)
	6,053 (35.9)
	21,463 (38.8)
	

	Current smokers
	72,154 (59.6)
	53,308 (52.7)
	9,559 (56.7)
	28,027 (50.7)
	

	Alcohol intake, units/week, mean (SD)
	2.7 (3.0)
	3.0 (3.2)
	3.4 (3.4)
	3.8 (3.6)
	<0.001

	BMI, kg/m2, mean (SD)
	24.7 (2.6)
	26.2 (2.4)
	33.2 (3.3)
	34.2 (4.0)
	<0.001

	WC, cm, mean (SD)
	82.3 (9.8)
	89.3 (9.5)
	100.5 (10.3)
	106.2 (10.9)
	<0.001

	SBP, mmHg, mean (SD)
	133.1 (18.9)
	144.4 (17.7)
	138.4 (19.4)
	145.9 (17.7)
	<0.001

	DBP, mmHg, mean (SD)
	79.2 (10.3)
	84.3 (10.0)
	84.7 (10.4)
	87.4 (10.0)
	<0.001

	HbA1c, mmol/mol, mean (SD)
	33.8 (3.2)
	37.1 (6.9)
	34.1 (3.1)
	39.7 (9.5)
	<0.001

	TG, mg/dL, mean (SD)
	105.3 (43.8)
	192.3 (95.9)
	117.8 (46.7)
	213.1 (105.7)
	<0.001

	HDL-C, mg/dL, mean (SD)
	64.0 (14.2)
	52.4 (13.4)
	58.4 (11.8)
	47.5 (10.9)
	<0.001


Abbreviations: MNNO, metabolically normal non-obesity; MANO, metabolically abnormal non-obesity; MNO, metabolically normal obesity; MAO, metabolically abnormal obesity; TDI, Townsend deprivation index; BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; HbA1c, glycated hemoglobin; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; SD, standard deviation.



Table S3. Baseline characteristics of the study population by BMI-metabolic phenotypes in the Atherosclerosis Risk in Communities study.
	　
	BMI-metabolic phenotypes
	

	　
	MNNO
	MANO
	MNO
	MAO
	P-value

	Number
	5,631
	3,677
	1,008
	2,231
	

	Age, y, mean (SD)
	53.3 (5.7)
	55.1 (5.7)
	53.0 (5.7)
	54.3 (5.7)
	<0.001

	Female, No. (%)
	3,294 (58.5)
	1,576 (42.9)
	668 (66.3)
	1,293 (58.0)
	<0.001

	White ethnicity, No. (%)
	4,575 (81.2)
	2,880 (78.3)
	608 (60.3)
	1,447 (64.9)
	<0.001

	Tertiary education, No. (%)
	2,907 (51.6)
	1,563 (42.5)
	452 (44.8)
	825 (37.0)
	<0.001

	Household income, No. (%)
	
	
	
	
	

	<25,000 $
	1,662 (29.5)
	1,285 (34.9)
	443 (43.9)
	1,069 (47.9)
	<0.001

	25,000–49,999 $
	2,189 (38.9)
	1,457 (39.6)
	373 (37.0)
	763 (34.2)
	

	≥50,000 $
	1,780 (31.6)
	935 (25.4)
	192 (19.0)
	399 (17.9)
	

	Smoking status, No. (%)
	
	
	
	
	

	Never smokers
	2,412 (42.8)
	1,344 (36.6)
	535 (53.1)
	1,041 (46.7)
	<0.001

	Former smokers
	1,748 (31.0)
	1,216 (33.1)
	299 (29.7)
	758 (34.0)
	

	Current smokers
	1,471 (26.1)
	1,117 (30.4)
	174 (17.3)
	432 (19.4)
	

	Alcohol intake, units/week, mean (SD)
	3.5 (7.3)
	3.8 (7.9)
	2.0 (4.8)
	2.3 (5.9)
	<0.001

	BMI, kg/m2, mean (SD)
	24.6 (2.7)
	26.0 (2.5)
	33.9 (4.2)
	34.5 (4.2)
	<0.001

	WC, cm, mean (SD)
	88.9 (9.4)
	94.8 (8.5)
	109.7 (11.6)
	112.9 (11.0)
	<0.001

	SBP, mmHg, mean (SD)
	113.9 (15.2)
	126.4 (19.5)
	120.5 (17.0)
	129.4 (18.5)
	<0.001

	DBP, mmHg, mean (SD)
	70.3 (10.1)
	75.8 (11.6)
	74.4 (10.3)
	77.9 (11.0)
	<0.001

	FBG, mg/dL, mean (SD)
	95.6 (13.6)
	112.0 (36.3)
	98.3 (19.9)
	124.3 (50.0)
	<0.001

	TG, mg/dL, mean (SD)
	91.4 (34.0)
	168.3 (98.3)
	98.8 (36.1)
	176.5 (126.7)
	<0.001

	HDL-C, mg/dL, mean (SD)
	59.5 (16.8)
	44.4 (14.3)
	55.7 (13.3)
	43.2 (13.0)
	<0.001


Abbreviations: MNNO, metabolically normal non-obesity; MANO, metabolically abnormal non-obesity; MNO, metabolically normal obesity; MAO, metabolically abnormal obesity; BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; SD, standard deviation.



Table S4. Baseline characteristics of the study population by BMI-metabolic phenotypes in the Framingham Offspring Study.
	　
	BMI-metabolic phenotypes
	

	　
	MNNO
	MANO
	MNO
	MAO
	P-value

	Number
	994
	573
	146
	291
	

	Age, y, mean (SD)
	53.1 (5.9)
	55.3 (5.8)
	52.9 (5.5)
	54.4 (6.0)
	<0.001

	Female, No. (%)
	614 (61.8)
	248 (43.3)
	71 (48.6)
	123 (42.3)
	<0.001

	White ethnicity, No. (%)
	985 (99.1)
	567 (99.0)
	145 (99.3)
	287 (98.6)
	0.882

	Tertiary education, No. (%)
	643 (64.7)
	323 (56.4)
	98 (67.1)
	140 (48.1)
	<0.001

	Household income, No. (%)
	
	
	
	
	

	<25,000 $
	151 (15.2)
	93 (16.2)
	18 (12.3)
	59 (20.3)
	0.018

	25,000–49,999 $
	471 (47.4)
	304 (53.1)
	80 (54.8)
	147 (50.5)
	

	≥50,000 $
	372 (37.4)
	176 (30.7)
	48 (32.9)
	85 (29.2)
	

	Smoking status, No. (%)
	
	
	
	
	

	Never smokers
	360 (36.2)
	160 (27.9)
	39 (26.7)
	118 (40.5)
	<0.001

	Former smokers
	424 (42.7)
	255 (44.5)
	78 (53.4)
	114 (39.2)
	

	Current smokers
	210 (21.1)
	158 (27.6)
	29 (19.9)
	59 (20.3)
	

	Alcohol intake, units/week, mean (SD)
	3.3 (4.8)
	3.5 (4.7)
	3.7 (6.5)
	3.5 (5.5)
	0.737

	BMI, kg/m2, mean (SD)
	24.6 (2.7)
	26.2 (2.4)
	33.4 (3.3)
	33.9 (4.0)
	<0.001

	WC, cm, mean (SD)
	82.6 (11.3)
	90.7 (9.7)
	104.3 (11.6)
	108.2 (9.7)
	<0.001

	SBP, mmHg, mean (SD)
	121.4 (15.7)
	135.8 (16.5)
	127.9 (15.8)
	137.7 (15.4)
	<0.001

	DBP, mmHg, mean (SD)
	76.6 (8.8)
	83.0 (8.8)
	81.4 (9.0)
	85.7 (9.3)
	<0.001

	FBG, mg/dL, mean (SD)
	89.0 (10.4)
	104.2 (33.2)
	90.2 (7.9)
	109.8 (39.4)
	<0.001

	TG, mg/dL, mean (SD)
	85.2 (39.4)
	177.3 (112.3)
	96.2 (31.8)
	203.1 (171.3)
	<0.001

	HDL-C, mg/dL, mean (SD)
	57.6 (14.7)
	42.8 (12.6)
	52.6 (12.9)
	39.2 (8.9)
	<0.001


Abbreviations: MNNO, metabolically normal non-obesity; MANO, metabolically abnormal non-obesity; MNO, metabolically normal obesity; MAO, metabolically abnormal obesity; BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; SD, standard deviation.


Table S5. Multivariable-adjusted hazard ratios (HRs) and 95% confidence intervals (CIs) for incident dementia according to BMI-metabolic phenotypes, stratified by sex.
	BMI-metabolic phenotypes
	UK Biobank
	
	ARIC
	
	FOS
	
	Pooledb

	
	Cases/N
	HR (95% CI)a
	
	Cases/N
	HR (95% CI)a
	
	Cases/N
	HR (95% CI)a
	
	HR (95% CI)a

	Malec
	
	
	
	
	
	
	
	
	
	

	MNNO
	462/43,650
	1 (Reference)
	
	375/2,337
	1 (Reference)
	
	21/380
	1 (Reference)
	
	1 (Reference)

	MANO
	825/54,839
	1.39 (1.24, 1.56)
	
	399/2,101
	1.37 (1.19, 1.58)
	
	35/325
	2.18 (1.26, 3.77)
	
	1.36 (1.23, 1.50)

	MNO
	63/5,939
	0.94 (0.73, 1.23)
	
	57/340
	0.97 (0.73, 1.28)
	
	3/75
	0.73 (0.22, 2.47)
	
	0.98 (0.78, 1.23)

	MAO
	459/27,720
	1.44 (1.26, 1.65)
	
	189/938
	1.66 (1.39, 1.98)
	
	12/168
	1.33 (0.65, 2.73)
	
	1.51 (1.29, 1.76)

	Femalec
	
	
	
	
	
	
	
	
	
	

	MNNO
	462/43,650
	1 (Reference)
	
	569/3,294
	1 (Reference)
	
	46/614
	1 (Reference)
	
	1 (Reference)

	MANO
	825/54,839
	2.00 (1.80, 2.24)
	
	384/1,576
	1.74 (1.53, 1.99)
	
	39/248
	2.63 (1.70, 4.05)
	
	2.10 (1.66, 2.64)

	MNO
	63/5,939
	1.01 (0.81, 1.27)
	
	139/668
	1.08 (0.89, 1.30)
	
	5/71
	0.99 (0.39, 2.52)
	
	1.07 (0.90, 1.26)

	MAO
	459/27,720
	1.53 (1.33, 1.75)
	
	293/1,293
	1.58 (1.36, 1.83)
	
	23/123
	2.92 (1.74, 4.89)
	
	1.90 (1.46, 2.47)


Abbreviations: ARIC, Atherosclerosis Risk in Communities; FOS, Framingham Offspring Study; BMI, body mass index; MNNO, metabolically normal non-obesity; MANO, metabolically abnormal non-obesity; MNO, metabolically normal obesity; MAO, metabolically abnormal obesity.
a The Cox proportional hazard models using age as the time variable were adjusted for race (White or non-White), education (below college or college and above), Townsend deprivation index (as quintiles, only in the UK Biobank), household income (<25 000, 25 000-49,999, and ≥50,000 US $/year, only in the ARIC and FOS), smoking status (current, former, or never smokers), and alcohol intake (units per week).
b Random-effects model was used; I2 = 0% for the estimates from the three cohorts.
c P-interaction=0.007 in the UKB, 0.715 in the ARIC, and 0.765 in the FOS.



Table S6. Number and percentage for the transitions of BMI-metabolic phenotypes.
	　BMI-metabolic phenotypes at baseline 
	BMI-metabolic phenotypes at the second resurvey, n (%)

	
	MNNO
	MANO
	MNO
	MAO

	Atherosclerosis Risk in Communities study

	MNNO
	3,088 (64.8)
	1,202 (25.2)
	244 (5.1)
	235 (4.9)

	MANO
	493 (16.7)
	2,032 (68.8)
	41 (1.4)
	386 (13.1)

	MNO
	37 (4.4)
	17 (2.0)
	390 (46.7)
	391 (46.8)

	MAO
	34 (1.9)
	137 (7.8)
	174 (9.9)
	1,404 (80.3)

	Framingham Offspring Study

	MNNO
	950 (63.9)
	373 (25.1)
	87 (5.9)
	76 (5.1)

	MANO
	87 (13.2)
	463 (70.3)
	7 (1.1)
	102 (15.5)

	MNO
	10 (5.2)
	7 (3.6)
	72 (37.3)
	104 (53.9)

	MAO
	8 (2.3)
	40 (11.7)
	26 (7.6)
	267 (78.3)


Abbreviations: BMI, body mass index; MNNO, metabolically normal non-obesity; MANO, metabolically abnormal non-obesity; MNO, metabolically normal obesity; MAO, metabolically abnormal obesity.




Table S7. Multivariable-adjusted hazard ratios (HRs) and 95% confidence intervals (CIs) for incident dementia according to intergroup comparisons of transitions of metabolic status.
	BMI-metabolic phenotype transitions 
	Atherosclerosis Risk in Communities study
	　
	Framingham Offspring Study
	
	Pooledb

	Baseline category
	Follow-up category
	Cases/N
	HR (95% CI)a
	P-value
	　
	Cases/N
	HR (95% CI)a
	P-value
	
	HR (95% CI)a
	P-value

	MNNO
	MNNO
	537/3,088
	1 (Reference)
	
	
	44/950
	1 (Reference)
	
	
	1 (Reference)
	

	
	MANO
	232/1,202
	1.10 (0.94, 1.29)
	0.216
	
	28/373
	1.14 (0.71, 1.85)
	0.583
	
	1.10 (0.95, 1.28)
	0.197

	MANO
	MANO
	479/2,032
	1.36 (1.20, 1.54)
	<0.001
	
	69/463
	2.11 (1.43, 3.12)
	<0.001
	
	1.63 (1.07, 2.48)
	0.024

	
	MNNO
	98/493
	1.07 (0.86, 1.33)
	0.549
	
	12/87
	1.66 (0.86, 3.17)
	0.128
	
	1.19 (0.82, 1.73)
	0.354

	MNO
	MNO
	85/390
	1.23 (0.98, 1.55)
	0.081
	
	1/72
	0.29 (0.04, 2.10)
	0.220
	
	0.85 (0.24, 2.93)
	0.792

	
	MAO
	76/391
	1.13 (0.89, 1.44)
	0.324
	
	8/104
	2.15 (1.00, 4.60)
	0.049
	
	1.40 (0.77, 2.54)
	0.266

	MAO
	MAO
	325/1,404
	1.68 (1.46, 1.94)
	<0.001
	
	32/267
	1.93 (1.21, 3.08)
	0.006
	
	1.70 (1.48, 1.95)
	<0.001

	
	MNO
	34/174
	1.36 (0.96, 1.92)
	0.087
	
	2/26
	3.46 (0.83, 14.37)
	0.088
	
	1.66 (0.78, 3.52)
	0.185


Abbreviations: BMI, body mass index; MNNO, metabolically normal non-obesity; MANO, metabolically abnormal non-obesity; MNO, metabolically normal obesity; MAO, metabolically abnormal obesity.								
a The Cox proportional hazard models using age as the time variable were adjusted for sex (male or female), race (White or non-White), education (below college or college and above), household income (<25 000, 25 000-49,999, and ≥50,000 US $/year), smoking status (current, former, or never smokers), and alcohol intake (units per week).
b Random-effects model was used; I2 = 0% for the estimates from the 2 cohorts.




Table S8. Multivariable-adjusted hazard ratios (HRs) and 95% confidence intervals (CIs) for incident dementia according to BMI-metabolic phenotypes when using MetS criteria to define the metabolic status.
	　
	BMI-metabolic phenotypes

	　
	MNNO
	MANO
	MNO
	MAO

	UK Biobank

	Cases/N
	1,607/167,971
	1,020/55,276
	182/20,244
	791/52,292

	HR (95% CI)a
	1 (Reference)
	1.26 (1.16, 1.36)
	0.99 (0.85, 1.15)
	1.23 (1.12, 1.34)

	Atherosclerosis Risk in Communities study

	Cases/N
	1,183/6,964
	544/2,340
	201/1,041
	476/2,195

	HR (95% CI)a
	1 (Reference)
	1.21 (1.09, 1.34)
	1.15 (0.99, 1.34)
	1.54 (1.38, 1.72)

	Framingham Offspring Study

	Cases/N
	101/1,279
	39/282
	9/164
	34/272

	HR (95% CI)a
	1 (Reference)
	1.90 (1.30, 2.77)
	0.80 (0.40, 1.58)
	1.83 (1.23, 2.71)

	Pooledb

	HR (95% CI)a
	1 (Reference)
	1.26 (1.18, 1.34)
	1.05 (0.92, 1.21)
	1.44 (1.17, 1.77)


Abbreviations: BMI, body mass index; MNNO, metabolically normal non-obesity; MANO, metabolically abnormal non-obesity; MNO, metabolically normal obesity; MAO, metabolically abnormal obesity; MetS, metabolic syndrome.
a The Cox proportional hazard models using age as the time variable were adjusted for sex (male or female), race (White or non-White), education (below college or college and above), Townsend deprivation index (as quintiles, only in the UK Biobank), household income (<25 000, 25 000-49,999, and ≥50,000 US $/year, only in the ARIC and FOS), smoking status (current, former, or never smokers), and alcohol intake (units per week).
b Random-effects model was used; I2 = 0% for the estimates from the three cohorts.


Table S9. Multivariable-adjusted hazard ratios (HRs) and 95% confidence intervals (CIs) for incident dementia according to transitions of metabolic status when using MetS criteria to define the metabolic status.
	BMI-metabolic phenotype transitions 
	Atherosclerosis Risk in Communities study
	　
	Framingham Offspring Study
	
	Pooledb

	Baseline category
	Follow-up category
	Cases/N
	HR (95% CI)a
	P-value
	　
	Cases/N
	HR (95% CI)a
	P-value
	
	HR (95% CI)a
	P-value

	MNNO
	MNNO
	738/4,174
	1 (Reference)
	
	
	72/1,251
	1 (Reference)
	
	
	1 (Reference)
	

	
	MANO
	227/1,117
	1.14 (0.98, 1.32)
	0.093
	
	40/367
	1.24 (0.84, 1.84)
	0.284
	
	1.15 (1.00, 1.32)
	0.046

	
	
	
	
	
	
	
	
	
	
	
	

	MANO
	MANO
	304/1,167
	1 (Reference)
	
	
	36/204
	1 (Reference)
	
	
	1 (Reference)
	

	
	MNNO
	77/354
	0.75 (0.58, 0.96)
	0.023
	
	4/38
	0.68 (0.24, 1.93)
	0.468
	
	0.75 (0.58, 0.95)
	0.019

	
	
	
	
	
	
	
	
	
	
	
	

	MNO
	MNO
	87/398
	1 (Reference)
	
	
	1/76
	1 (Reference)
	
	
	1 (Reference)
	

	
	MAO
	77/399
	0.91 (0.67, 1.24)
	0.552
	
	8/113
	7.10 (0.89, 56.98)
	0.065
	
	1.94 (0.28, 13.58)
	0.503

	
	
	
	
	
	
	
	
	
	
	
	

	MAO
	MAO
	323/1,385
	1 (Reference)
	
	
	29/244
	1 (Reference)
	
	
	1 (Reference)
	

	
	MNO
	33/173
	0.78 (0.54, 1.11)
	0.168
	
	3/24
	2.38 (0.72, 7.85)
	0.156
	
	1.17 (0.41, 3.35)
	0.769


Abbreviations: BMI, body mass index; MNNO, metabolically normal non-obesity; MANO, metabolically abnormal non-obesity; MNO, metabolically normal obesity; MAO, metabolically abnormal obesity; MetS, metabolic syndrome.								
a The Cox proportional hazard models using age as the time variable were adjusted for sex (male or female), race (White or non-White), education (below college or college and above), household income (<25 000, 25 000-49,999, and ≥50,000 US $/year), smoking status (current, former, or never smokers), and alcohol intake (units per week).
b Random-effects model was used; I2 = 0% for the estimates from the two cohorts.




Table S10. Multivariable-adjusted hazard ratios (HRs) and 95% confidence intervals (CIs) for incident dementia according to BMI-metabolic phenotypes when excluding cases within the first 5 years.
	　
	BMI-metabolic phenotypes

	　
	MNNO
	MANO
	MNO
	MAO

	UK Biobank

	Cases/N
	1,006/121,543
	1,480/101,579
	148/16,935
	764/55,563

	HR (95% CI)a
	1 (Reference)
	1.15 (1.06, 1.25)
	1.06 (0.89, 1.26)
	1.18 (1.07, 1.30)

	Atherosclerosis Risk in Communities study

	Cases/N
	939/5,626
	779/3,673
	196/1,008
	480/2,229

	HR (95% CI)a
	1 (Reference)
	1.21 (1.10, 1.33)
	1.18 (1.01, 1.38)
	1.59 (1.42, 1.78)

	Framingham Offspring Study

	Cases/N
	67/994
	72/571
	8/146
	35/291

	HR (95% CI)a
	1 (Reference)
	1.86 (1.32, 2.61)
	1.00 (0.48, 2.09)
	1.96 (1.29, 2.97)

	Pooledb

	HR (95% CI)a
	1 (Reference)
	1.31 (1.03, 1.66)
	1.12 (1.00, 1.26)
	1.48 (1.12, 1.94)


Abbreviations: BMI, body mass index; MNNO, metabolically normal non-obesity; MANO, metabolically abnormal non-obesity; MNO, metabolically normal obesity; MAO, metabolically abnormal obesity.
a The Cox proportional hazard models using age as the time variable were adjusted for sex (male or female), race (White or non-White), education (below college or college and above), Townsend deprivation index (as quintiles, only in the UK Biobank), household income (<25 000, 25 000-49,999, and ≥50,000 US $/year, only in the ARIC and FOS), smoking status (current, former, or never smokers), and alcohol intake (units per week).
b Random-effects model was used; I2 = 0% for the estimates from the three cohorts.



Table S11. Multivariable-adjusted hazard ratios (HRs) and 95% confidence intervals (CIs) for incident dementia according to transitions of metabolic status when excluding cases within the first 5 years
	BMI-metabolic phenotype transitions 
	Atherosclerosis Risk in Communities study
	　
	Framingham Offspring Study
	
	Pooledb

	Baseline category
	Follow-up category
	Cases/N
	HR (95% CI)a
	P-value
	　
	Cases/N
	HR (95% CI)a
	P-value
	
	HR (95% CI)a
	P-value

	MNNO
	MNNO
	531/3,082
	1 (Reference)
	
	
	41/947
	1 (Reference)
	
	
	1 (Reference)
	

	
	MANO
	225/1,195
	1.08 (0.93, 1.27)
	0.311
	
	24/369
	1.07 (0.64, 1.79)
	0.785
	
	1.08 (0.93, 1.25)
	0.317

	
	
	
	
	
	
	
	
	
	
	
	

	MANO
	MANO
	469/2,022
	1 (Reference)
	
	
	64/458
	1 (Reference)
	
	
	1 (Reference)
	

	
	MNNO
	96/491
	0.78 (0.63, 0.98)
	0.031
	
	11/86
	0.77 (0.40, 1.46)
	0.419
	
	0.78 (0.63, 0.96)
	0.019

	
	
	
	
	
	
	
	
	
	
	
	

	MNO
	MNO
	85/390
	1 (Reference)
	
	
	1/72
	1 (Reference)
	
	
	1 (Reference)
	

	
	MAO
	76/391
	0.92 (0.67, 1.25)
	0.591
	
	7/103
	6.34 (0.78, 51.79)
	0.085
	
	1.81 (0.30, 10.98)
	0.520

	
	
	
	
	
	
	
	
	
	
	
	

	MAO
	MAO
	320/1,399
	1 (Reference)
	
	
	29/264
	1 (Reference)
	
	
	1 (Reference)
	

	
	MNO
	34/174
	0.82 (0.57, 1.17)
	0.265
	
	2/26
	2.17 (0.51, 9.24)
	0.295
	
	1.03 (0.46, 2.29)
	0.952


Abbreviations: BMI, body mass index; MNNO, metabolically normal non-obesity; MANO, metabolically abnormal non-obesity; MNO, metabolically normal obesity; MAO, metabolically abnormal obesity.
a The Cox proportional hazard models using age as the time variable were adjusted for sex (male or female), race (White or non-White), education (below college or college and above), household income (<25 000, 25 000-49,999, and ≥50,000 US $/year), smoking status (current, former, or never smokers), and alcohol intake (units per week).
b Random-effects model was used; I2 = 0% for the estimates from the two cohorts.


Table S12. Multivariable-adjusted hazard ratios (HRs) and 95% confidence intervals (CIs) for incident dementia according to BMI-metabolic phenotypes when excluding cases occurring <65 years.
	　
	BMI-metabolic phenotypes

	　
	MNNO
	MANO
	MNO
	MAO

	UK Biobank

	Cases/N
	911/121,448
	1429/101,528
	130/16,917
	712/55,511

	HR (95% CI)a
	1 (Reference)
	1.19 (1.09, 1.29)
	1.04 (0.86, 1.25)
	1.19 (1.08, 1.32)

	Atherosclerosis Risk in Communities study

	Cases/N
	930/5,617
	768/3,662
	194/1,006
	467/2,216

	HR (95% CI)a
	1 (Reference)
	1.20 (1.09, 1.32)
	1.18 (1.01, 1.38)
	1.57 (1.40, 1.76)

	Framingham Offspring Study

	Cases/N
	66/993
	71/570
	8/146
	35/291

	HR (95% CI)a
	1 (Reference)
	1.86 (1.32, 2.62)
	1.02 (0.49, 2.13)
	2.00 (1.32, 3.03)

	Pooledb

	HR (95% CI)a
	1 (Reference)
	1.31 (1.05, 1.63)
	1.12 (0.99, 1.26)
	1.48 (1.13, 1.93)


Abbreviations: BMI, body mass index; MNNO, metabolically normal non-obesity; MANO, metabolically abnormal non-obesity; MNO, metabolically normal obesity; MAO, metabolically abnormal obesity.
a The Cox proportional hazard models using age as the time variable were adjusted for sex (male or female), race (White or non-White), education (below college or college and above), Townsend deprivation index (as quintiles, only in the UK Biobank), household income (<25 000, 25 000-49,999, and ≥50,000 US $/year, only in the ARIC and FOS), smoking status (current, former, or never smokers), and alcohol intake (units per week).
b Random-effects model was used; I2 = 0% for the estimates from the three cohorts.



Table S13. Multivariable-adjusted hazard ratios (HRs) and 95% confidence intervals (CIs) for incident dementia according to transitions of metabolic status when excluding cases occurring <65 years.
	BMI-metabolic phenotype transitions 
	Atherosclerosis Risk in Communities study
	　
	Framingham Offspring Study
	
	Pooledb

	Baseline category
	Follow-up category
	Cases/N
	HR (95% CI)a
	P-value
	　
	Cases/N
	HR (95% CI)a
	P-value
	
	HR (95% CI)a
	P-value

	MNNO
	MNNO
	534/3,085
	1 (Reference)
	
	
	42/948
	1 (Reference)
	
	
	1 (Reference)
	

	
	MANO
	228/1,198
	1.09 (0.93, 1.27)
	0.278
	
	26/371
	1.08 (0.66, 1.77)
	0.768
	
	1.09 (0.94, 1.26)
	0.260

	
	
	
	
	
	
	
	
	
	
	
	

	MANO
	MANO
	474/2,027
	1 (Reference)
	
	
	69/463
	1 (Reference)
	
	
	1 (Reference)
	

	
	MNNO
	98/493
	0.79 (0.64, 0.99)
	0.036
	
	11/86
	0.71 (0.37, 1.34)
	0.285
	
	0.78 (0.64, 0.96)
	0.019

	
	
	
	
	
	
	
	
	
	
	
	

	MNO
	MNO
	84/389
	1 (Reference)
	
	
	1/72
	1 (Reference)
	
	
	1 (Reference)
	

	
	MAO
	75/390
	0.92 (0.67, 1.25)
	0.589
	
	8/104
	7.65 (0.95, 61.44)
	0.056
	
	2.04 (0.27, 15.27)
	0.486

	
	
	
	
	
	
	
	
	
	
	
	

	MAO
	MAO
	317/1,396
	1 (Reference)
	
	
	32/267
	1 (Reference)
	
	
	1 (Reference)
	

	
	MNO
	34/174
	0.83 (0.58, 1.18)
	0.288
	
	2/26
	1.96 (0.46, 8.29)
	0.361
	
	0.95 (0.52, 1.74)
	0.861


Abbreviations: BMI, body mass index; MNNO, metabolically normal non-obesity; MANO, metabolically abnormal non-obesity; MNO, metabolically normal obesity; MAO, metabolically abnormal obesity.
a The Cox proportional hazard models using age as the time variable were adjusted for sex (male or female), race (White or non-White), education (below college or college and above), household income (<25 000, 25 000-49,999, and ≥50,000 US $/year), smoking status (current, former, or never smokers), and alcohol intake (units per week).
b Random-effects model was used; I2 = 0% for the estimates from the two cohorts.


Table S14. Multivariable-adjusted hazard ratios (HRs) and 95% confidence intervals (CIs) for incident dementia according to BMI-metabolic phenotypes when excluding non-White participants from analyses.
	　
	BMI-metabolic phenotypes

	　
	MNNO
	MANO
	MNO
	MAO

	UK Biobank

	Cases/N
	1,040/117,032
	1,489/95,351
	149/16,045
	782/52,388

	HR (95% CI)a
	1 (Reference)
	1.16 (1.07, 1.26)
	1.03 (0.87, 1.23)
	1.20 (1.09, 1.32)

	Atherosclerosis Risk in Communities study

	Cases/N
	731/4,575
	588/2,880
	110/608
	305/1,447

	HR (95% CI)a
	1 (Reference)
	1.23 (1.10, 1.37)
	1.31 (1.07, 1.60)
	1.76 (1.54, 2.02)

	Framingham Offspring Study

	Cases/N
	66/985
	73/567
	8/145
	34/287

	HR (95% CI)a
	1 (Reference)
	1.93 (1.37, 2.71)
	1.01 (0.48, 2.12)
	1.94 (1.27, 2.95)

	Pooledb

	HR (95% CI)a
	1 (Reference)
	1.34 (1.03, 1.74)
	1.14 (0.93, 1.41)
	1.55 (1.15, 2.08)


Abbreviations: BMI, body mass index; MNNO, metabolically normal non-obesity; MANO, metabolically abnormal non-obesity; MNO, metabolically normal obesity; MAO, metabolically abnormal obesity.
a The Cox proportional hazard models using age as the time variable were adjusted for sex (male or female), race (White or non-White), education (below college or college and above), Townsend deprivation index (as quintiles, only in the UK Biobank), household income (<25 000, 25 000-49,999, and ≥50,000 US $/year, only in the ARIC and FOS), smoking status (current, former, or never smokers), and alcohol intake (units per week).
b Random-effects model was used; I2 = 0% for the estimates from the three cohorts.




Table S15. Multivariable-adjusted hazard ratios (HRs) and 95% confidence intervals (CIs) for incident dementia according to transitions of metabolic status when excluding non-White participants from analyses
	BMI-metabolic phenotype transitions 
	Atherosclerosis Risk in Communities study
	　
	Framingham Offspring Study
	
	Pooledb

	Baseline category
	Follow-up category
	Cases/N
	HR (95% CI)a
	P-value
	　
	Cases/N
	HR (95% CI)a
	P-value
	
	HR (95% CI)a
	P-value

	MNNO
	MNNO
	423/2,616
	1 (Reference)
	
	
	44/943
	1 (Reference)
	
	
	1 (Reference)
	

	
	MANO
	191/1,008
	1.13 (0.95, 1.34)
	0.162
	
	27/371
	1.11 (0.68, 1.80)
	0.678
	
	1.13 (0.96, 1.33)
	0.146

	
	
	
	
	
	
	
	
	
	
	
	

	MANO
	MANO
	383/1,694
	1 (Reference)
	
	
	69/461
	1 (Reference)
	
	
	1 (Reference)
	

	
	MNNO
	70/399
	0.72 (0.56, 0.93)
	0.011
	
	11/86
	0.74 (0.39, 1.40)
	0.348
	
	0.72 (0.57, 0.91)
	0.007

	
	
	
	
	
	
	
	
	
	
	
	

	MNO
	MNO
	49/237
	1 (Reference)
	
	
	1/72
	1 (Reference)
	
	
	1 (Reference)
	

	
	MAO
	46/258
	0.88 (0.59, 1.32)
	0.542
	
	8/103
	7.67 (0.96, 61.57)
	0.055
	
	2.02 (0.26, 15.94)
	0.504

	
	
	
	
	
	
	
	
	
	
	
	

	MAO
	MAO
	213/962
	1 (Reference)
	
	
	32/263
	1 (Reference)
	
	
	1 (Reference)
	

	
	MNO
	26/131
	0.94 (0.62, 1.41)
	0.763
	
	2/26
	1.76 (0.42, 7.45)
	0.440
	
	0.99 (0.66, 1.46)
	0.942


Abbreviations: BMI, body mass index; MNNO, metabolically normal non-obesity; MANO, metabolically abnormal non-obesity; MNO, metabolically normal obesity; MAO, metabolically abnormal obesity.
a The Cox proportional hazard models using age as the time variable were adjusted for sex (male or female), education (below college or college and above), household income (<25 000, 25 000-49,999, and ≥50,000 US $/year), smoking status (current, former, or never smokers), and alcohol intake (units per week).
b Random-effects model was used; I2 = 0% for the estimates from the two cohorts.


Table S16. Multivariable-adjusted hazard ratios (HRs) and 95% confidence intervals (CIs) for incident dementia according to BMI-metabolic phenotypes when using the competing risk model.
	　
	BMI-metabolic phenotypes

	　
	MNNO
	MANO
	MNO
	MAO

	UK Biobank

	Cases/N
	1,056/121,593
	1,572/101,671
	154/16,941
	819/55,618

	HR (95% CI)a
	1 (Reference)
	1.20 (1.11, 1.30)
	1.03 (0.87, 1.22)
	1.21 (1.10, 1.33)

	Atherosclerosis Risk in Communities study

	Cases/N
	944/5,631
	783/3,677
	196/1,008
	482/2,231

	HR (95% CI)a
	1 (Reference)
	1.15 (1.04, 1.26)
	1.06 (0.91, 1.24)
	1.14 (1.02, 1.28)

	Framingham Offspring Study

	Cases/N
	67/994
	74/573
	8/146
	35/291

	HR (95% CI)a
	1 (Reference)
	1.75 (1.23, 2.48)
	0.98 (0.48, 2.02)
	1.70 (1.10, 2.61)

	Pooledb

	HR (95% CI)a
	1 (Reference)
	1.19 (1.12, 1.27)
	1.04 (0.93, 1.17)
	1.19 (1.11, 1.28)


Abbreviations: BMI, body mass index; MNNO, metabolically normal non-obesity; MANO, metabolically abnormal non-obesity; MNO, metabolically normal obesity; MAO, metabolically abnormal obesity.
a The Cox proportional hazard models using age as the time variable were adjusted for sex (male or female), race (White or non-White), education (below college or college and above), Townsend deprivation index (as quintiles, only in the UK Biobank), household income (<25 000, 25 000-49,999, and ≥50,000 US $/year, only in the ARIC and FOS), smoking status (current, former, or never smokers), and alcohol intake (units per week).
b Random-effects model was used; I2 = 0% for the estimates from the three cohorts.




Table S17. Multivariable-adjusted hazard ratios (HRs) and 95% confidence intervals (CIs) for incident dementia according to transitions of metabolic status when using the competing risk model.
	BMI-metabolic phenotype transitions 
	Atherosclerosis Risk in Communities study
	　
	Framingham Offspring Study
	
	Pooledb

	Baseline category
	Follow-up category
	Cases/N
	HR (95% CI)a
	P-value
	　
	Cases/N
	HR (95% CI)a
	P-value
	
	HR (95% CI)a
	P-value

	MNNO
	MNNO
	537/3,088
	1 (Reference)
	
	
	44/950
	1 (Reference)
	
	
	1 (Reference)
	

	
	MANO
	232/1,202
	1.01 (0.87, 1.18)
	0.880
	
	28/373
	1.20 (0.74, 1.96)
	0.460
	
	1.03 (0.89, 1.19)
	0.733

	
	
	
	
	
	
	
	
	
	
	
	

	MANO
	MANO
	479/2,032
	1 (Reference)
	
	
	69/463
	1 (Reference)
	
	
	1 (Reference)
	

	
	MNNO
	98/493
	0.85 (0.72, 0.99)
	0.043
	
	12/87
	0.86 (0.43, 1.71)
	0.660
	
	0.85 (0.73, 0.99)
	0.041

	
	
	
	
	
	
	
	
	
	
	
	

	MNO
	MNO
	85/390
	1 (Reference)
	
	
	1/72
	1 (Reference)
	
	
	1 (Reference)
	

	
	MAO
	76/391
	0.95 (0.69, 1.29)
	0.730
	
	8/104
	6.84 (0.86, 54.61)
	0.069
	
	1.93 (0.30, 12.36)
	0.487

	
	
	
	
	
	
	
	
	
	
	
	

	MAO
	MAO
	325/1,404
	1 (Reference)
	
	
	32/267
	1 (Reference)
	
	
	1 (Reference)
	

	
	MNO
	34/174
	0.86 (0.59, 1.24)
	0.420
	
	2/26
	1.57 (0.39, 6.39)
	0.530
	
	0.89 (0.62, 1.28)
	0.544


Abbreviations: BMI, body mass index; MNNO, metabolically normal non-obesity; MANO, metabolically abnormal non-obesity; MNO, metabolically normal obesity; MAO, metabolically abnormal obesity.
a The Cox proportional hazard models using age as the time variable were adjusted for sex (male or female), education (below college or college and above), household income (<25 000, 25 000-49,999, and ≥50,000 US $/year), smoking status (current, former, or never smokers), and alcohol intake (units per week).
b Random-effects model was used; I2 = 0% for the estimates from the two cohorts.


Table S18. Multivariable-adjusted hazard ratios (HRs) and 95% confidence intervals (CIs) for incident dementia according to BMI-metabolic phenotypes when excluding participants with missing data on covariates.
	　
	BMI-metabolic phenotypes

	　
	MNNO
	MANO
	MNO
	MAO

	UK Biobank

	Cases/N
	1,229/128,713
	1,316/91,805
	191/19,047
	740/51,566

	HR (95% CI)a
	1 (Reference)
	1.05 (0.96, 1.14)
	0.94 (0.80, 1.11)
	1.09 (0.99, 1.21)

	Atherosclerosis Risk in Communities study

	Cases/N
	944/5,631
	783/3,677
	196/1,008
	482/2,231

	HR (95% CI)a
	1 (Reference)
	1.21 (1.10, 1.33)
	1.17 (1.00, 1.37)
	1.58 (1.41, 1.77)

	Framingham Offspring Study

	Cases/N
	67/994
	74/573
	8/146
	35/291

	HR (95% CI)a
	1 (Reference)
	1.91 (1.36, 2.68)
	1.00 (0.48, 2.09)
	1.96 (1.29, 2.97)

	Pooledb

	HR (95% CI)a
	1 (Reference)
	1.30 (0.94, 1.78)
	1.05 (0.86, 1.27)
	1.44 (1.04, 2.00)


Abbreviations: BMI, body mass index; MNNO, metabolically normal non-obesity; MANO, metabolically abnormal non-obesity; MNO, metabolically normal obesity; MAO, metabolically abnormal obesity.
a The Cox proportional hazard models using age as the time variable were adjusted for sex (male or female), race (White or non-White), education (below college or college and above), Townsend deprivation index (as quintiles, only in the UK Biobank), household income (<25 000, 25 000-49,999, and ≥50,000 US $/year, only in the ARIC and FOS), smoking status (current, former, or never smokers), and alcohol intake (units per week).
b Random-effects model was used; I2 = 0% for the estimates from the three cohorts.




Table S19. Multivariable-adjusted hazard ratios (HRs) and 95% confidence intervals (CIs) for incident dementia according to transitions of metabolic status when using the first resurvey (visit 2 in the ARIC and exam 5 in the FOS) for the transition analyses.
	BMI-metabolic phenotype transitions 
	Atherosclerosis Risk in Communities study
	　
	Framingham Offspring Study
	
	Pooledb

	Baseline category
	Follow-up category
	Cases/N
	HR (95% CI)a
	P-value
	　
	Cases/N
	HR (95% CI)a
	P-value
	
	HR (95% CI)a
	P-value

	MNNO
	MNNO
	528/3,013
	1 (Reference)
	
	
	42/922
	1 (Reference)
	
	
	1 (Reference)
	

	
	MANO
	229/1,173
	1.08 (0.93, 1.25)
	0.332
	
	28/359
	1.38 (0.85, 2.25)
	0.190
	
	1.10 (0.96, 1.27)
	0.176

	
	
	
	
	
	
	
	
	
	
	
	

	MANO
	MANO
	473/1,995
	1 (Reference)
	
	
	72/456
	1 (Reference)
	
	
	1 (Reference)
	

	
	MNNO
	97/483
	0.82 (0.66, 1.02)
	0.079
	
	11/81
	0.52 (0.25, 1.08)
	0.080
	
	0.75 (0.53, 1.07)
	0.111

	
	
	
	
	
	
	
	
	
	
	
	

	MNO
	MNO
	81/380
	1 (Reference)
	
	
	1/70
	1 (Reference)
	
	
	1 (Reference)
	

	
	MAO
	75/373
	1.50 (1.10, 2.04)
	0.010
	
	8/104
	1.01 (0.31, 3.32)
	0.988
	
	1.46 (1.08, 1.97)
	0.013

	
	
	
	
	
	
	
	
	
	
	
	

	MAO
	MAO
	315/1,349
	1 (Reference)
	
	
	31/263
	1 (Reference)
	
	
	1 (Reference)
	

	
	MNO
	34/170
	0.77 (0.56, 1.07)
	0.121
	
	2/25
	2.84 (0.99, 8.20)
	0.053
	
	1.34 (0.38, 4.73)
	0.653


Abbreviations: BMI, body mass index; MNNO, metabolically normal non-obesity; MANO, metabolically abnormal non-obesity; MNO, metabolically normal obesity; MAO, metabolically abnormal obesity.
a The Cox proportional hazard models using age as the time variable were adjusted for sex (male or female), education (below college or college and above), household income (<25 000, 25 000-49,999, and ≥50,000 US $/year), smoking status (current, former, or never smokers), and alcohol intake (units per week).
b Random-effects model was used; I2 = 0% for the estimates from the two cohorts.



Fig. S1 Participant inclusion flowchart for transition analyses in the Atherosclerosis Risk in Communities study (A) and Framingham Offspring Study (B)
[image: ]
Abbreviations: BMI, body mass index; CVD, cardiovascular disease.


Fig. S2. Kaplan-Meier curves of associations between different BMI-metabolic phenotypes and dementia incident in the UK Biobank, the Atherosclerosis Risk in Communities study, and the Framingham Offspring Study.
[image: ]
Abbreviations: BMI, body mass index; MNNO, metabolically normal non-obesity; MANO, metabolically abnormal non-obesity; MNO, metabolically normal obesity; MAO, metabolically abnormal obesity.
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