SUPPLEMENTARY MATERIAL
Supplementary Table S1. Baseline distribution of the main sociodemographic factors, cadmium concentrations and prevalence of functional limitations in older adults from the Seniors-ENRICA-2 cohort, according to follow-up status in 2019 (n=2548)
	
	[bookmark: _Hlk61116128]Followed up to 2019 (n=1741)
	Lost to follow-up (n=807)
	P-val†
	

	N
	
	
	
	

	Age, y, mean (SD)
	71.3 (4.2)
	72.1 (4.2)
	<0.01
	

	Male, %
	48.7
	43.5
	0.01
	

	< High School education, %
	79.2
	88.3
	<0.01
	

	Tobacco consumption
	
	
	
	

	Current smokers, %
	9.5
	9.3
	0.73
	

	Non-smokers exposed to SHS, %
	78.6
	77.2
	0.55
	

	Alcohol consumption 
	
	
	
	

	Never 
	18.3
	20.9
	
	

	Moderate drinker
	70.5
	67.2
	
	

	Heavy drinker
	5.3
	4.2
	
	

	Ex-drinker 
	5.9
	7.7
	0.07
	

	BMI ≥30, %
	24.8
	29.0
	0.02
	

	MDS, mean (SD)
	4.3 (1.6)
	4.3 (1.6)
	0.99
	

	Leisure-time PA, METs-h/w, mean (SD)
	67.9 (36.4)
	64.6 (36.0)
	0.04
	

	TV viewing time, h/w, mean (SD)
	22.0 (10.8)
	23.0 (11.4)
	0.03
	

	Hypertension, %
	67.0
	71.0
	0.04
	

	Cardiovascular disease, %
	3.2
	4.0
	0.34
	

	Diabetes mellitus, %
	18.8
	25.2
	<0.01
	

	Dyslipidemia, %
	55.9
	61.1
	0.01
	

	Depression, %
	15.0
	8.9
	<0.01
	

	Cadmium, geometric mean (geom. SD)
	0.14 (2.7)
	0.14 (2.9)
	0.75
	

	Low PCS, %
	17.7
	25.3
	<0.01
	

	Low SPPB, %
	24.4
	31.8
	<0.01
	

	Low Grip Strength, %
	11.2
	14.9
	<0.01
	

	Mobility Limitations, % 
	35.1
	44.9
	<0.01
	

	Frailty, %
	17.7
	25.3
	<0.01
	

	IADL Disability, %
	5.7
	11.2
	<0.01
	


PCS: Physical Component Summary; SPPB: Short Physical Performance Battery; IADL: Instrumental Activities of Daily Living.
† P-values for the null hypothesis that there are no differences in participants characteristics by follow-up status were derived from chi-square (categorical variables) or ANOVA tests (continuous variables). 


[bookmark: _Hlk61444191]Supplementary Table S2: Incidence rates (per 1,000 person-years) of functional limitations, overall and by participant´s characteristics.
	Functional limitations
	Low PCS
	Low SPPB
	Low grip strength
	Mobility limitations
	Frailty

	Overall
	17.0
	55.4
	51.6
	53.9
	19.3

	Sex
	
	
	
	
	

	Men
	17.3
	50.8
	42.6
	37.8
	7.9

	 Women
	16.6
	60.0
	60.0
	77.6
	30.3

	Age
	
	
	
	
	

	<70 yrs
	12.7
	34.5
	44.5
	52.6
	14.4

	 ≥70 yrs
	20.5
	75.5
	57.9
	55.1
	23.4

	Education
	
	
	
	
	

	< HS
	17.0
	57.2
	50.1
	62.3
	23.7

	HS
	18.6
	54.0
	46.9
	44.4
	13.9

	>HS
	14.9
	50.7
	61.9
	38.9
	9.5

	Smoking
	
	
	
	
	

	Never
	18.0
	62.7
	56.1
	61.0
	25.3

	Former
	16.0
	46.7
	47.8
	46.0
	13.0

	Current
	10.6
	54.2
	42.4
	54.8
	12.4

	Alcohol intake
	
	
	
	
	

	Never 
	19.5
	74.4
	56.1
	82.6
	37.6

	Moderate 
	16.7
	49.0
	50.6
	50.6
	15.6

	Heavy drinker
	21.5
	52.8
	36.1
	43.1
	9.9

	Ex-drinker 
	8.7
	76.2
	62.4
	28.0
	16.1

	Obesity
	
	
	
	
	

	<30
	15.0
	51.8
	53.7
	47.5
	14.9

	≥30
	23.3
	67.8
	45.0
	79.3
	33.2

	Diet quality
	
	
	
	
	

	Worst 
	16.8
	61.2
	50.0
	57.8
	17.8

	 Intermediate
	16.2
	48.5
	52.6
	56.3
	21.5

	 Best
	18.8
	60.4
	52.4
	44.3
	17.2

	Physical activity
	
	
	
	
	

	Less (1st tertile)
	13.2
	62.3
	54.0
	51.9
	17.4

	 Intermediate
	24.3
	52.7
	61.2
	55.7
	17.9

	 Most
	13.3
	52.2
	40.0
	53.9
	22.4

	Hypertension
	
	
	
	
	

	 No
	11.9
	51.8
	64.4
	56.4
	12.2

	 Yes
	19.3
	57.1
	45.4
	52.6
	22.8

	CVD
	
	
	
	
	

	 No
	15.7
	54.6
	51.2
	53.0
	18.5

	 Yes
	60.0
	84.1
	63.0
	100.4
	50.1

	Diabetes
	
	
	
	
	

	 No
	15.9
	53.0
	54.1
	50.8
	17.1

	 Yes
	21.5
	65.7
	41.7
	67.3
	28.6

	Dyslipidemia
	
	
	
	
	

	 No
	23.6
	56.0
	65.5
	44.3
	19.2

	 Yes
	15.4
	55.2
	48.3
	56.4
	19.3

	Osteoarthritis
	
	
	
	
	

	 No
	21.4
	69.7
	57.2
	84.0
	29.6

	 Yes
	13.8
	45.6
	47.4
	39.3
	12.2

	Depression
	
	
	
	
	

	 No
	15.1
	47.5
	47.8
	47.3
	14.6

	 Yes
	29.2
	114.2
	86.2
	13.2
	58.3


PCS: Physical Component Summary; SPPB: Short Physical Performance Battery; IADL: Instrumental Activities of Daily Living.



[bookmark: _Hlk61253390][bookmark: _Hlk61365399]Supplementary Table S3: Sex-stratified results for the cross-sectional and prospective association between blood cadmium concentrations and measures of physical performance and disability in older adults from the Seniors-ENRICA-2 followed from baseline (2015-2017) to wave 1 (2019). Results are Odds Ratios (OR, cross-sectional analyses) or Hazard ratios (HR, prospective analyses) per log-2 increase in blood cadmium and their 95% confidence intervals. 
	[bookmark: _Hlk61012063]
	Cross-sectional
	
	Longitudinal
	

	
	Men
	Women
	
	
	Men
	Women
	

	
	n/total
	OR (95%CI)
	n/total
	OR (95%CI)
	p-int
	
	n/total
	HR (95%CI)
	n/total
	HR (95%CI)
	p-int

	Low PCS
	108/1102
	1.26 (1.07;1.47)
	116/1224
	1.05 (0.89;1.24)
	0.10
	
	44/994
	1.11 (0.88;1.41)
	46/1108
	1.21 (0.95;1.55)
	0.59

	Los SPPB
	120/1113
	1.19 (1.03;1.38)
	218/1238
	1.00 (0.87;1.14)
	0.05
	
	107/877
	1.13 (0.98;1.30)
	136/872
	1.15 (1.01;1.31)
	0.78

	Low grip strength
	101/1115
	1.30 (1.04;1.42)
	180/1234
	1.02 (0.88;1.17)
	0.07
	
	111/1014
	0.92 (0.79;1.06)
	169/1063
	1.10 (0.97;1.24)
	0.06

	Mobility limitations
	233/1109
	1.14 (1.02;1.28)
	637/1234
	1.09 (0.99;1.20)
	0.45
	
	81/876
	1.00 (0.85;1.18)
	121/597
	1.05 (0.95;1.22)
	0.67

	Frailty
	52/1117
	1.16 (0.94;1.44)
	160/1247
	1.16 (1.00;1.36)
	0.70
	
	21/1065
	1.24 (0.90;1.58)
	82/1087
	1.15 (0.96;1.36)
	0.80

	IADL disability
	36/1115
	1.40 (1.10;1.78)
	122/1238
	1.20 (1.01;1.43)
	0.27
	
	
	
	
	
	


PCS: Physical Component Summary; SPPB: Short Physical Performance Battery; IADL: Instrumental Activities of Daily Living.


[bookmark: _Hlk63864077]Supplementary Table S4: Cross-sectional and prospective association between imputed blood cadmium concentrations and measures of physical performance and disability in older adults. Results are Odds Ratios and their 95% confidence intervals. Cadmium concentrations are divided into quintiles.
	
	Low PCS
	
	Low SPPB
	
	Low Grip Strength
	
	Mobility limitations
	
	Frailty 
	
	IADL disability

	Cd (µg/L)
	Cross-sectional
	Prospective
	
	Cross-sectional
	Prospective
	
	Cross-sectional
	Prospective
	
	Cross-sectional
	Prospective
	
	Cross-sectional
	Prospective
	
	Cross-sectional

	
	n/
total
	OR (95%CI)
	n/
total
	HR (95%CI)
	

	n/
total
	OR (95%CI)
	n/
total
	HR (95%CI)
	
	n/
total
	OR (95%CI)
	n/
total
	HR (95%CI)
	
	n/
total
	OR (95%CI)
	n/
total
	HR (95%CI)
	
	n/
total
	OR (95%CI)
	n/
total
	HR (95%CI)
	
	n/
total
	HR (95%CI)

	Overall
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1st quintile (<0.05)
	55/
460
	Ref.
	21/
434
	Ref.
	
	114/
508
	Ref.
	52/ 331
	Ref.
	
	72/
471
	Ref.
	59/
399
	Ref.
	
	192/
465
	Ref.
	36/
273
	Ref.
	
	64/
509
	Ref.
	25
/423
	Ref.
	
	50/
471
	Ref.

	2nd quintile
(0.05-0.065) 
	41/
465
	1.17
(0.69-2.00)
	19/
455
	1.21
(0.52; 2.83)
	
	59/
508
	0.94
(0.61;1.47)
	44/
381
	1.15
(0.71-1.86)
	
	54/
470
	1.28
(0.81-2.04)
	47/
416
	0.88
(0.58-1.36)
	
	156/
468
	0.95
(0.68-1.33)
	43/
312
	1.41
(0.84-2.35)
	
	40/
507
	1.13
(0.77-2.31)
	13/
436
	1.01
(0.53-1.93)
	
	15/
469
	0.75
(0.38-1.48)

	3rd quintile 
(0.66-0.17)
	38/
469
	1.18
(0.71-1.96)
	16/
462
	1.23
(0.55; 2.77)
	
	71/
501
	1.13
(0.76-1.70)
	53/
373
	1.69
(1.09-2.61)
	
	50/
472
	1.12
(0.72-1.76)
	55/
422
	1.02
(0.68-1.52)
	
	165/
470
	1.00
(0.71-1.39)
	44/
305
	1.35
(0.83-2.20)
	
	43/
506
	1.13
(0.66-1.93)
	19/
433
	1.08
(0.59-2.00)
	
	32/
469
	1.33
(0.77-2.30)

	4th quintile
(0.171-0.32) 
	46/
474
	1.32
(0.80-2.19)
	25/
448
	1.98
(0.93: 4.23)
	
	83/
506
	1.34
(0.90-2.00)
	57/
367
	1.55
(0.99-2.41)
	
	56/
482
	1.19
(0.76-1.84)
	69/
426
	1.16
(0.78-1.72)
	
	190/
478
	1.14
(0.82-1.60)
	38/
288
	1.29
(0.76-2.20)
	
	54/
509
	1.71
(1.02-2.86)
	28/
435
	1.40
(0.79-2.47)
	
	34/
482
	1.36
(0.79-2.36)

	5th quintile 
(≥0.33)
	44/
458
	1.67
(0.94-3.00)
	18/
453
	2.06
(0.87;4.88)
	
	62/
507
	1.01
(0.62-1.66)
	55/
402
	1.59
(0.98-2.58)
	
	49/
463
	1.57
(0.94-2.62)
	50/
414
	0.98
(0.61-1.56)
	
	167/
462
	1.45
(1.00-2.12)
	41/
295
	1.42
(0.80-2.51)
	
	46/
508
	1.54
(0.82-2.87)
	18/
425
	1.53
(0.77-3.03)
	
	27/
462
	1.83
(0.94-3.58)

	p-trend†
	
	0.08
	
	0.03
	
	
	0.28
	
	0.02
	
	
	0.21
	
	0.40
	
	
	0.02
	
	0.44
	
	
	0.08
	
	0.12
	
	
	0.02

	Excluding smokers
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1st quintile (<0.05)
	55/
460
	Ref.
	21/
434
	Ref.
	
	114/
508
	Ref.
	52/
331
	Ref.
	
	72/
471
	Ref.
	59/
399
	Ref.
	
	192/
465
	Ref.
	36/
273
	Ref.
	
	64/
509
	Ref.
	25
/423
	Ref.
	
	50/
471
	Ref.

	2nd quintile
(0.05-0.065) 
	41/
465
	1.19 (0.70;2.04)
	19/
455
	1.21
(0.52; 2.84)
	
	59/
508
	0.97
(0.62;1.51)
	44/
381
	1.10
(0.68-1.78)
	
	54/
470
	1.28
(0.81-2.04)
	47/
416
	0.88
(0.57-1.36)
	
	156/
468
	0.96
(0.68-1.34)
	43/
312
	1.47
(0.87-2.47)
	
	40/
507
	1.37
(0.79-2.38)
	13/
436
	1.00
(0.52-1.92)
	
	15/
469
	0.80
(0.40-1.61)

	3rd quintile 
(0.66-0.17)
	37/
438
	1.25
(0.75-2.09)
	15/
429
	1.15
(0.50; 2.65)
	
	68/
467
	1.18
(0.78-1.78)
	51/
347
	1.66
(1.07-2.58)
	
	49/
441
	1.15
(0.73-1.82)
	52/
392
	1.03
(0.68-1.56)
	
	161/
439
	1.03
(0.74-1.45)
	37/
278
	1.32
(0.80-2.18)
	
	43/
472
	1.25
(0.73-2.15)
	19/
433
	1.09
(0.58-2.04)
	
	32/
438
	1.54
(0.88-2.69)

	4th quintile
(0.171-0.32) 
	45/
453
	1.35
(0.81-2.25)
	25/
427
	2.07
(0.97: 4-46)
	
	80/
481
	1.37
(0.91-2.06)
	51/
347
	1.41
(0.90-2.23)
	
	55/
458
	1.20
(0.77-1.87)
	65/
403
	1.15
(0.77-1.70)
	
	185/
455
	1.16
(0.83-1.62)
	35/
270
	1.33
(0.78-2.30)
	
	54/
484
	1.86
(1.10-3.12)
	28/
435
	1.36
(0.76-2.42)
	
	33/
458
	1.47
(0.84-2.57)

	5th quintile 
(≥0.33)
	44/
302
	1.66 
(0.92-3.00)
	13/
289
	2.07
(0.86;5.00)
	
	41/
327
	1.01
(0.60-1.69)
	37/
262
	1.57
(0.95-2.57)
	
	34/
304
	1.47
(0.87-2.50)
	33/
270
	1.02
(0.63-1.66)
	
	115/
304
	1.41
(0.96-2.07)
	28/
189
	1.70
(0.95-3.04)
	
	24/
327
	1.25
(0.64-2.43)
	18/
425
	1.58
(0.78-3.17)
	
	16/
302
	1.81
(0.88-3.69)

	p-trend†
	
	0.09
	
	0.03
	
	
	0.28
	
	0.03
	
	
	0.21
	
	0.40
	
	
	0.03
	
	0.21
	
	
	0.14
	
	0.12
	
	
	0.02


PCS: Physical Component Summary; SPPB: Short Physical Performance Battery; IADL: Instrumental Activities of Daily Living.
Models were adjusted for sex, age, smoking status (never, former, current), smoking intensity (cigarettes/day), educational level (<high school, high school, >high school), diet quality (sex-specific tertiles of the MDS), alcohol drinking (never, ex-, moderate and heavy drinker), physical activity (sex-specific tertiles), television viewing time (sex-specific tertiles), body mass index (kg/m2), hypertension (yes/no), cardiovascular disease (yes/no), diabetes (yes/no), dyslipidemia (yes/no), osteoarthritis (yes/no), and depression (yes/no). †Models not adjusted for chronic morbidities because these are included in DAI definition. Cutoff values for sex-specific tertiles of physical activity in men and women were, respectively: 40-68 METS-h/wk and 56-86 METS-h/wk. Corresponding values for sex-specific tertiles of television viewing time were 14-25 hours/week and 20-28 hours/week.



Supplementary Figure S1: Municipalities included in the Seniors-ENRICA-2
[image: ]

Dose-response association between blood cadmium concentrations (µg/L) and prevalence of physical function limitations in older adults from the Seniors-ENRICA-2 cohort who were followed up to 2019 (n=1741) 


[bookmark: _GoBack]Supplementary Figure S2: Age, sex and smoking-adjusted prevalence of functional limitations by levels of blood cadmium in older adults from the Seniors-ENRICA-2 study followed at baseline (2015-2017).
[image: ]
PCS: Physical Component Summary; SPPB: Short Physical Performance Battery; LOD: Limit of detection. 
Q1, Q2, Q3 and Q4 correspond to quartiles of the observed cadmium distribution. 


Appendix 1: Bayesian imputation model formulation

Below we provide the technical details for the implementation of the Bayesian model for the prediction of missing data. We assumed that the log-concentrations of blood cadmium follow a normal distribution, and incorporated tobit-like models to account for missing due to below LOD. 

Data consist on the log-transformed blood cadmium variable and its predictors (age, female, education, frm.smk, curr.smk, bmi, cvd, ht, diab, hchol, oa, fruits_vegetables, shellfish), a below the detection limit indicator vector (is.below), sample size (NOBS), a very large log-transformed upper limit of observations (upperlim=1000) and number of parameters for the equation excluding the constant (k=16). Wi denotes the log of observed blood cadmium for subject i.

Initial values were provided for the blood cadmium marginal precision τb (tau_m1), the constant (beta0), and the observed log-transformed cadmium levels (w1)

Both data and initial values were specified and processed in R-software and then used in WinBUGS through the bugs() function implemented in the R2WinBUGS package. R-software was also used to do output checking and processing as well as plotting.

model {	#Begin model
#Likelihood of the model
for (j in 1: NOBS) 
{

#Establishing the observed range for blood 
#c is the log-transformed limit of detection
cadmium.upper[i]<-c*is.below[i]+ upperlim*(1-is.below[i]) 

#Model for observed log blood Cd levels
w1[j]~dnorm(m_1[i],tau_m1)I(-9, cadmium.upper[i]) 

m_1[j]<-beta0+ beta[1]*age[i] + beta[2]*female[i] + beta[3]*education[i]+ beta[4]*frm.smk[i] + beta[5]*curr.smk[i] + beta[6]*alcohol [i] +  beta[7]*bmi[i] + beta[8]*cvd[i] + beta[9]*ht[i]+ beta[10]*diab[i] +beta[11]*oa[i] + beta[12]dairyproducts[i]+ beta[13]wholegrains[i]+ beta[14]meat[i]  + beta[15]fruits[i] + beta[16]shellfish[i]

	
}#End loop over i


#Define the uninformative priors
        	tau_m1~dgamma(0.001, 0.001)
	beta0~dnorm(0,1.0E-6)	
	for (k in 1:K){
	beta[k]~dnorm(0,1.0E-6)
	}		       
} #End model	
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