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Abstract 27 

Background: Cadmium (Cd) is a toxic metal found in tobacco, air and food. Recent 28 

cross-sectional studies have suggested that Cd negatively impacts physical performance, 29 

but the prospective association is uncertain.  30 

Methods: We used data from 2548 older adults from the Seniors-ENRICA II cohort in 31 

Madrid, Spain. Whole blood Cd levels were measured at baseline using inductively 32 

coupled plasma-mass spectrometry. At baseline (2017) and follow-up (2019), overall 33 

physical function was evaluated using the physical component summary (PCS) of the SF 34 

12-Item Health questionnaire, lower-extremity performance with the Short Physical 35 

Performance Battery (SPPB), muscle weakness with a hand dynamometer, and frailty 36 

with a Deficit Accumulation index. Mobility limitations and disability in instrumental 37 

activities of daily living (IADL) were ascertained with standardized questionnaires. 38 

Analyses were adjusted for relevant confounders, including tobacco smoke, number of 39 

cigarettes smoked per day and time since cessation in former smokers. 40 

Results: In cross-sectional analyses, odds ratios (95% confidence interval) per two-fold 41 

increase in blood Cd were 1.16 (1.03; 1.31) for low PCS scores, 1.08 (0.97; 1.20) for 42 

impaired lower-extremity performance, 1.10 (0.98; 1.23) for low grip strength, 1.11 (1.02; 43 

1.20) for mobility limitations, 1.16 (1.02; 1.31) for frailty, and 1.26 (1.08; 1.47) for IADL 44 

disability. In longitudinal analyses, corresponding hazard ratios were 1.25 (1.03; 1.51) for 45 

low PCS scores, 1.14 (1.03; 1.27) for impaired lower-extremity performance, 1.02 (0.92; 46 

1.13) for low grip strength, 1.03 (0.91; 1.16) for mobility limitations, and 1.16  (1.00; 47 

1.35) for frailty. All the associations where consistent when current smokers were 48 

excluded from the analyses. 49 



Conclusions: Our results support the role of Cd as a risk factor for physical function 50 

impairments in older adults.  51 

Keywords: Cadmium, functional impairment, disability, older adults 52 
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Abbreviations: 54 

BMI: Body Mass Index 55 

Cd: Cadmium 56 

CVD: Cardiovascular Disease 57 

DA: Deficit Accumulation 58 

IADL: Instrumental Activities of Daily living 59 

LOD: Limit Of Detection 60 

MDS: Mediterranean Diet Score 61 

PCS: Physical Component Summary  62 

SF-12: 12-Item Short-Form Health questionnaire  63 

SPPB: Short Physical Performance Battery  64 



INTRODUCTION 65 

 66 

Ageing is the result of cumulative molecular and cellular damage that leads to a 67 

progressive decline in physical and cognitive function (López-Otín et al., 2013), which 68 

is more accelerated during the last stages of life (García-Esquinas et al., 2019) and 69 

increases the risk of dependence, institutionalization and death. Because the rate of 70 

functional decline is heterogeneous across individuals, a growing body of research tries 71 

to identify potential preventable factors contributing to this process. However, very few 72 

studies have examined the association between environmental toxicants and physical 73 

performance decline in older adults (García-Esquinas & Rodríguez-Artalejo, 2017).  74 

Cadmium (Cd) is a well-known hazardous contaminant widely distributed in the 75 

environment. In the general population not exposed in the workplace, this metal is 76 

mainly absorbed via inhalation of particles from cigarette smoke or ingestion of 77 

contaminated foods (most frequently shellfish, offal and vegetables) (1). Exposure to 78 

this metal has been associated with cardiovascular endpoints in adults (Tellez-Plaza 79 

et al., 2013), including peripheral arterial disease (Navas-Acien et al., 2004), coronary 80 

heart disease, heart failure (Borné et al., 2015) or stroke (C. Chen et al., 2018); as well 81 

as with renal tubular dysfunction (Grau-Perez et al., 2017; Navas-Acien et al., 2009), 82 

fractures (Cheng et al., 2016), and cardiovascular (Tellez-Plaza et al., 2012) and cancer 83 

mortality (García-Esquinas et al., 2014; Watanabe et al., 2020).  84 

Recent studies have suggested that Cd may negatively impact physical performance in 85 

adults (García-Esquinas et al., 2020; J. Kim et al., 2018), and increase the odds of frailty 86 

(García-Esquinas et al., 2015) and functional dependence (Chen et al., 2020) in the 87 

elderly. However, with the exception of one study showing an inverse relationship 88 

between blood Cd and walking speed (Kim et al., 2016), most of the literature 89 



addressing the effects of Cd on physical function is cross-sectional and uses data from 90 

the US National Health and Nutrition Examination Survey. In this context, the aim of 91 

the present study was to evaluate both the cross-sectional and the longitudinal 92 

association between blood Cd levels and several validated measures of physical 93 

performance and disability in a population of older adults in Spain with a low 94 

prevalence of tobacco consumption.  95 

 96 

METHODS 97 

Study participants and design  98 

The Seniors-ENRICA-2 cohort was set up between 2015 and 2017 with 3273 individuals 99 

selected by sex- and district-stratified random sampling of all community-dwelling 100 

individuals aged ≥65 years holding a national healthcare card and living in the city of 101 

Madrid (Spain) or four surrounding large towns (please see Supplementary Figure S1). 102 

At baseline (2015-2017), information regarding socio-demographic, lifestyle, self-rated 103 

health and morbidity was collected using a computer-assisted telephone interview.  Also, 104 

two home visits were conducted to perform a physical examination, obtain a diet history, 105 

collect biological samples and information on prescribed medications (which were 106 

checked against drug packages). From the initial sample of 3273 participants, 86.5% 107 

(n=2831), 85.4% (n=2795), and 79.7% (n=2610), agreed to the physical exam, completed 108 

the diet history and provided blood samples, respectively. Cd determinations were 109 

available in 97.6% (n=2548) of those who provided baseline blood samples.  110 

During a mean follow-up time of 2.3 (SD:0.30) years, 36 participants died, 771 were lost, 111 

and 1741 agreed to be re-interviewed and re-examined at home. At follow-up, data 112 

collection was done using the same protocols as at baseline. Participants lost to follow-113 



up were on average one year older and more frequently women, showed lower 114 

educational level, did less physical activity, watched more TV, and had a higher 115 

prevalence of chronic morbidities (i.e. obesity, hypertension, diabetes, dyslipidemia) and 116 

functional limitations than those who were followed (Supplementary Table S1). Among 117 

the 1741 participants followed, 90, 243, 280, 202 and 103 developed incident low 118 

physical function, impaired lower-extremity performance, low grip strength, mobility 119 

limitations, and frailty, respectively. Supplementary Table S2 shows the cumulative 120 

incidence of functional limitations by the main participant´s characteristics.  121 

Participants gave informed written consent, and the Clinical Research Ethics Committee 122 

of the La Paz University Hospital in Madrid approved the study (Protocol #HULP-PI 123 

1793).  124 

Study variables 125 

Blood Cadmium 126 

At baseline, blood samples were collected and stored at -80ºC. Baseline whole blood Cd 127 

was measured using inductively coupled plasma-mass spectrometry (8900 ICP-QQQ) at 128 

the Department of Legal Medicine, Toxicology, and Physical Anthropology, School of 129 

Medicine, University of Granada (Spain). The limit of detection (LOD) was 0.1 µg/L and 130 

the percentage of individuals with values below the LOD was 7.5% for current smokers, 131 

33.8% for former smokers, and 54.7% for never smokers.  132 

Physical performance and disability 133 

Overall physical function was evaluated at baseline and follow-up using the Spanish 134 

version of the physical component summary (PCS) of the 12-Item Short-Form Health 135 

questionnaire (SF-12) (Vilagut et al., 2008). The PCS assesses general health, physical 136 



functioning, role functioning difficulties caused by physical problems, and bodily pain, 137 

and uses Likert scales to analyze the intensity or frequency of each response. At baseline, 138 

individuals in the lowest (worst) decile of the distribution were classified as having 139 

important physical function limitations (McCall et al., 2019). Incident cases were 140 

participants who newly developed low PCS scores during follow-up. 141 

Lower-extremity performance was assessed at baseline and follow-up with the Short 142 

Physical Performance Battery (SPPB), and includes three tests (Guralnik et al., 1994):   143 

1) Balance testing: Participants were first asked to stand with their feet together, and if 144 

were able to stand for 10 seconds in this position, were tested in a semitandem stand 145 

position (i.e. with the heel of one foot placed to the side of the big toe of the other foot). 146 

Those who were able to stand for 10 seconds in the semitandem were then tested in a 147 

full-tandem stand (i.e. with the heel of one foot placed in front of the toes of the other 148 

foot). A score of 0 indicates the inability to stand in any of the positions, while a score 149 

of 4 indicates a full-tandem stand for 10 seconds. 2) Gait speed: Calculated as the 150 

walking distance (3 meters) divided by the time to complete the test in seconds. In this 151 

test, 0 points indicated the inability to perform the walk, and 4 being in the fastest 152 

quartile of walking speed according to sex and height. 3) Sit-to stand test: Participants 153 

stood up and sat down from a chair five times repeatedly, with arms crossed across the 154 

chest. A score of 0 was given to those unable to perform the five chair stands, while 155 

scores of 1, 2, 3, or 4 were assigned to those who completed five chair stands in ≥16.7, 156 

13.7-16.6, 11.2-13.6, and ≤11.1 seconds, respectively. The total SPPB score was 157 

calculated by the sum of the components, with a range from 0 to 12 (best performance).  158 

At baseline, participants with a score <9 were deemed to have impaired lower-extremity 159 

performance (Ishiyama et al., 2017). Incident cases were defined as participants who 160 

newly developed low SPPB scores during follow-up. 161 



Mobility limitations were evaluated at baseline and follow-up with three questions from 162 

the Rosow and Breslau scale: “How much difficulty do you experience…”1) “…picking 163 

up or carrying a shopping bag?”, 2) “…climbing one flight of stairs?”, 3) “…walking a 164 

few hundred meters?”. Individuals who answered “some difficulty", "much difficulty", 165 

or "unable to do" to any of these three questions were considered as having mobility 166 

limitations. Incident cases were defined as those who newly developed mobility 167 

limitations during follow-up. 168 

Frailty was defined according to the Rockwood’s frailty index (Rockwood & Mitnitski, 169 

2007). At baseline and follow-up, a Deficit Accumulation (DA) index was calculated 170 

using a total of 52 health deficits, including impairments in physical and cognitive 171 

functioning, self-reported health and vitality problems, mental health conditions, as well 172 

as morbidity, polypharmacy, and health services use (García-Esquinas et al., 2019). The 173 

DA index summarizes age-related vulnerability, so the more health deficits (symptoms, 174 

signs, diseases, or disabilities) an individual has, the higher the risk of death, 175 

institutionalization, health service use, or further deficit accumulation. At baseline, 176 

participants with a DA index ≥30 were considered frail (Rodríguez-Sánchez et al., 2019). 177 

Incident cases were individuals who newly developed DA index scores ≥30 during 178 

follow-up. 179 

Disability in Instrumental Activities of Daily living (IADL) was defined according to 180 

the Lawton-Brody index, which evaluates the individual´s ability to use the telephone, 181 

go shopping, prepare meals, do the housework, do the laundry, use different means of 182 

transportation, take medication, and manage finances. Due to cultural issues, the 183 

questions on meal preparation, housework and laundry were excluded in men. Because 184 

the incidence of IADL disability was low and did not allow for meaningful 185 

comparisons, prospective analyses using this outcome were not performed.  186 



Other variables 187 

Information was also collected on age and sex; education (< high school, high school and 188 

> high school); smoking (never, ex-smoker, current smoker); smoking intensity (number 189 

of cigarettes smoked per day); time since smoking cessation (in former smokers); alcohol 190 

drinking (heavy drinking, moderate drinking, former drinker, never drinker); leisure-time 191 

and household physical activity (METS-h/week); diet quality (estimated with the 192 

Mediterranean Diet Score (MDS) (Ortolá et al., 2019; Trichopoulou et al., 2003); and 193 

history of physician-diagnosed chronic conditions. Cardiovascular disease (CVD) was 194 

defined as a self-reported diagnosis of coronary heart disease, congestive heart failure, 195 

heart attack or angina. A history of hypertension was based on a self-reported physician 196 

diagnosis, current use of anti-hypertensive medication, or a clinical blood pressure 197 

reading 140/90 mmHg taken under standardized conditions. Fasting serum glucose, 198 

creatinine, total cholesterol, HDL-cholesterol and triglycerides were measured with 199 

colorimetric enzymatic methods using Atellica Solution® (Siemens Healthineers), and 200 

LDL-cholesterol was calculated with the Friedewald formula (LDL = total cholesterol – 201 

triglycerides/5 – HDL). Definition of type 2 diabetes mellitus was based on a self-reported 202 

physician diagnosis, fasting glucose ≥126 mg/dL, or current use of anti-diabetic 203 

medication.  Dyslipidemia was defined as total cholesterol >5.2 mmol/L or use of lipid-204 

lowering medication. Depression was ascertained with the 10-item Geriatric Depression 205 

Scale (GDS-10), a self-report of clinically diagnosed depression, or being on anti-206 

depressant medication (Yesavage et al., 1982). Weight and height were measured 207 

according to standardized procedures, and the body mass index (BMI) calculated as 208 

measured weight in kg divided by squared height in m.   209 

Statistical analyses  210 



Baseline blood Cd concentrations below the LOD (n=1078) were imputed as the median 211 

of each subject-specific posterior distribution of predicted levels obtained from a 212 

Marcov chain Monte Carlo by Gibbs sampling nested linear model, implemented with 213 

WinBUGS software (Lunn et al., 2000) following previously described methods 214 

(Tellez-Plaza et al., 2010). This consisted of a predictive model based on blood Cd 215 

determinants including sex, age, education, and baseline smoking status, alcohol intake, 216 

BMI, chronic comorbidities, and frequency of consumption of certain foods (i.e. dairy 217 

products, whole grain products, meat, fruits, shellfish) associated with Cd 218 

concentrations in the study sample (Supplementary Appendix).  219 

The geometric mean (95% confidence interval) of the participants’ imputed blood Cd 220 

levels was 0.14 μg/L (interquartile range: 0.13–0.15). The corresponding levels in the 221 

subset of the population with vales above the LOD was 0.24 μg/L (interquartile range: 222 

0.16-0.43).Baseline blood Cd levels were right-skewed and log-transformed to achieve 223 

normality.  224 

The cross-sectional association between blood Cd and prevalence of functional 225 

limitations was assessed with logistic regression models, while the prospective 226 

association between baseline Cd levels and incidence of functional limitations was 227 

assessed using Cox proportional hazard models with age as time scale and individual 228 

starting follow-up times treated as staggered entries. The assumption of hazards 229 

proportionality was evaluated with scaled Schoenfeld residuals, with no major 230 

departures from proportionality. In both cross-sectional and prospective analyses, Cd 231 

levels were modeled in three different ways: 1) Using a categorical variable that 232 

classified individuals with Cd concentrations below the LOD into a reference category, 233 

and those with concentrations above the LOD into four equally sized groups (i.e. 234 



quartiles); 2) Using continuous log-transformed Cd concentrations  (including both 235 

observed and imputed blood Cd values), with results expressed per 2-fold increase; 3) 236 

Using restricted quadratic splines with knots at the 10th, 50th, and 90th percentiles of 237 

log-transformed Cd to evaluate potential nonlinear relationships (Harrell, 2001). 238 

Departures from linearity in the restricted cubic spline models were evaluated using the 239 

Wald test. 240 

All models were performed with progressive levels of adjustment. Model 1 adjusted for 241 

age, sex, and smoking status; model 2 further included education, smoking intensity 242 

(cigarettes/day), diet quality (sex-specific tertiles of the MDS), alcohol drinking (never, 243 

ex-, moderate and heavy drinker), physical activity (sex-specific tertiles), passive 244 

sedentary time (TV viewing time categorized into sex-specific tertiles), BMI (kg/m2), 245 

hypertension (yes/no), CVD (yes/no), diabetes (yes/no), dyslipidemia (yes/no), 246 

osteoarthritis (yes/no) and depression (yes/no).   247 

To evaluate the consistency of the findings, we conducted analyses for log2 transformed 248 

Cd and functional limitations stratified by the main participant’s subgroups: age (≤70, 249 

>70 years), sex (male, female), education (≤high school, >high school years), diet 250 

quality (tertiles), alcohol drinking (never, former, current), physical activity (tertiles of 251 

METs hours/week), BMI (<30, ≥30 kg/m2) and each of the studied chronic morbidities. 252 

Statistical interactions were tested with likelihood ratio tests that compared models with 253 

and without interaction terms defined as the product of Cd by the subgroup variables. 254 

Also, because smoking is a major source of Cd and adjustment for self-reported 255 

smoking status might be insufficient to eliminate residual confounding by smoking, we 256 

repeated all the analyses excluding current smokers, and we adjusted for years since 257 

smoking cessation in former smokers. Moreover, we repeated all cross-sectional 258 



analyses in the subsample of 1741 participants with follow-up information. Finally, Cd 259 

concentrations including both imputed and observed Cd concentrations were also 260 

modeled as quintiles.  261 

Analyses were performed with R Version 2.5.1 using the package R2WinBUGS, and 262 

with Stata version 14.1.  263 

Results 264 

Table 1 shows the distribution of participant´s characteristics by blood Cd 265 

concentrations. Participants with higher Cd levels were younger, more likely to be male, 266 

smokers or heavy drinkers, less likely to suffer from obesity, diabetes or osteoarthritis, 267 

and showed a higher prevalence of dyslipidemia than those with lower concentrations.  268 

Supplementary figure S2 presents the age, sex and smoking-adjusted prevalence of 269 

functional impairments by Cd concentrations and suggest an increase in the frequency 270 

of all of them with increasing Cd levels. Table 2 shows the cross-sectional association 271 

between blood Cd concentrations and limitations in physical function in the overall 272 

sample of participants, as well as in non-smokers. In multivariate adjusted models, 273 

individuals in the highest quartile of the observed (i.e. not imputed) Cd concentrations 274 

showed a higher prevalence of low PCS scores, mobility limitations, frailty and IADL 275 

disability than those with Cd concentrations below the LOD. The odds ratios (95%CI) 276 

of each studied limitation per log2-increase in Cd concentrations were: 1.16 (1.03; 1.31) 277 

for low PCS score, 1.08 (0.97; 1.20) for impaired lower-extremity performance, 1.10 278 

(0.98; 1.23) for low grip strength, 1.11 (1.02; 1.20) for mobility limitations, 1.16 (1.02; 279 

1.33) for frailty, and 1.26 (1.08; 1.47) for IADL disability. These associations where 280 



consistent when smokers were excluded from the analyses (Table 2), and after 281 

adjustment for years since tobacco cessation in former smokers (data not shown).  282 

In spline regression models (Figure 1), the observed dose-response relationships were 283 

progressive over the range of Cd concentrations for low PCS scores (p-value for linear 284 

and non-linear trend: 0.05 and 0.35, respectively), low grip strength (corresponding p-285 

values: 0.04 and 0.31), mobility limitations (p-values: 0.03 and 0.42), frailty (p-values: 286 

0.02 and 0.73) and IADL disability (p-values: 0.01 and 0.67), with no significant 287 

departures from linearity. However, no clear dose-response association was observed 288 

for impaired lower-extremity performance in the overall sample including smokers (p-289 

value for linear and non-linear trends: 0.16 and 0.19, respectively). 290 

In sensitivity analyses, cross-sectional findings were similar after exclusion of 291 

participants without follow-up information, and showed no overall effect modification 292 

by age, education, tobacco or alcohol consumption, diet quality, physical activity, 293 

sedentary time, obesity, diabetes, dyslipidemia or depression (Figure 2). However, 294 

associations tended to be stronger among men and participants with no CVD (Figure 2 295 

and Supplementary Table S3), while the association between Cd and low grip strength 296 

was limited to participants with no osteoarthritis (Figure 2).  297 

Table 3 presents the results from multivariate models for the association between Cd 298 

concentrations and incidence of functional limitations. Compared to individuals with Cd 299 

concentrations below the LOD, those in the highest quartile of the observed 300 

concentrations showed a higher incidence of low PCS scores, impaired lower-extremity 301 

performance, and frailty. The Hazard Ratios (95%CI) per log2-increase of Cd 302 

concentrations were: 1.25 (1.03; 1.51)  for low PCS score, 1.14 (1.03; 1.27) for 303 

impaired lower-extremity performance, 1.02 (0.92; 1.13) for low grip strength, 1.03 304 



(0.91; 1.16) for mobility limitations, and 1.16  (1.00; 1.35) for frailty. Similar findings 305 

were observed when excluding smokers from the analyses (Table 3), as well as when 306 

modeling imputed Cd values as quintiles (Supplementary Table S4). When modeling 307 

the dose–response relationship using restricted cubic splines, we found an increased 308 

incidence with increasing Cd concentrations for impaired lower-extremity performance 309 

(p-values for linear and non-linear trends: 0.01 and 0.10, respectively) and frailty 310 

(corresponding p-values 0.05 and 0.97, respectively) (Figure 3); as well as a borderline 311 

significant trend towards low PCS scores (corresponding p-values: 0.07 and 0.74). 312 

Results were similar when modeling imputed blood cadmium concentrations as 313 

quintiles (Supplementary Table S4) and showed no overall effect modification by age, 314 

tobacco or alcohol consumption, diet quality, physical activity, sedentary time, 315 

hypertension, obesity, diabetes, dyslipidemia, osteoarthritis, or depression, although, 316 

again, associations tended to be stronger among participants with no previous history of 317 

CVD (Figure 4).  318 

Discussion   319 

Our findings support previous cross-sectional studies showing an association between 320 

biomarkers of Cd exposure and measures of functional impairment in adults, while 321 

provide new evidence on the prospective association between exposure to low-to-322 

moderate Cd levels and higher risk of physical function decline in the elderly.  323 

Using data from the NHANES, our group had previously reported a dose-response 324 

relationship between blood, but not urine, Cd concentrations and slow walking speed, a 325 

component of the SPPB, in middle-aged and older adults (Kim et al., 2018). 326 

Longitudinal data from 983 old individuals in Korea also supported a link between 327 

blood Cd and low grip strength (Kim et al., 2016). We now present the first evidence for 328 



a potential association between Cd exposure and low SPPB scores, which is more 329 

clinically relevant than the evidence for gait speed because the SPPB is a better 330 

predictor of future hospitalizations and mortality than gait speed alone (Puthoff, 2008). 331 

Moreover, the present study illustrates for the first time a dose-response relationship 332 

between blood Cd concentrations and low PCS scores, also an important predictor of 333 

mortality and hospitalizations in community-dwelling seniors (Dorr et al., 2006). In an 334 

earlier report using NHANES data, our group encountered an inverse dose-response 335 

relationship between blood and creatinine-corrected urine Cd concentrations and grip 336 

strength in US adults (García-Esquinas et al., 2020). However, as in the present study, 337 

we did not find a clear link between Cd and low grip strength in analyses of NHANES 338 

older adults (García-Esquinas et al., 2015). It is interest to note, though, that the present 339 

cross-sectional findings were modified by the presence of hand osteoarthritis, as this is a 340 

disease that negatively impacts grip strength (Bagis et al., 2003) and may limit the 341 

validity of the test (Ziv et al., 2008). Unfortunately, due to a low sample size, we could 342 

not run prospective models further excluding patients with osteoarthritis at follow-up, 343 

which would have helped further explore this hypothesis. Regarding frailty, we 344 

previously showed the first evidence of an association with urine Cd, as defined using 345 

Fried´s phenotypic criteria in participants from NHANES III (García-Esquinas et al., 346 

2015). The present findings corroborate that Cd exposure may increase the risk of 347 

frailty, now defined using the Rockwood criteria. Concerning mobility, we observed a 348 

dose-response cross-sectional association between blood Cd and self-reported mobility 349 

limitations, and this was somewhat stronger in individuals with higher education levels. 350 

Although we cannot discard the possibility that this was a chance finding, it is of note 351 

that blood Cd concentrations were prospectively associated with the risk of mobility 352 

limitations in participants with higher education. However, because information on 353 



mobility problems was self-reported, an influence of educational status on individual's 354 

risk perception is possible. Finally, this is the first study that shows a link between 355 

blood Cd concentrations and IADL disability, and this finding is in line with that of a 356 

study on NHANES 2001-2006 in which whole blood Cd was associated with limitations 357 

in activities of daily living (ADL) (Chen et al., 2020).  358 

Cd exposure can affect several physiological processes that are crucial for physical 359 

function preservation. For example, in vitro exposure to Cd modifies the presynaptic 360 

function (Tsentsevitsky et al., 2020) and affects the expression of essential synaptic 361 

proteins and synaptic transmission in the neuromuscular junction (Braga & Rowan, 362 

1994; Braga & Rowan, 1992). Also, in vivo exposure to high doses of Cd produces 363 

alterations of the structure of the cerebellum, which has an important role on the 364 

maintenance of balance and posture, of different animal species (Mubeena Mariyath 365 

et al., 2019; Stoev et al., 2003). Moreover, exposure to Cd in humans has shown to 366 

negatively impact cardiorespiratory fitness  (Cakmak et al., 2014; Egwuogu et al., 2009; 367 

Lampe et al., 2008), age-related changes in blood pressure (Oliver-Williams et al., 368 

2018), and glucose homeostasis (Sabir et al., 2019), all of which are essential processes 369 

for exercise tolerance. Also, Cd exposure increases oxidative stress (Domingo-Relloso 370 

et al., 2019) and inflammation (Fagerberg et al., 2017), which are central processes in 371 

functional deterioration in old age (Cesari et al., 2012; Gale et al., 2013; Inglés M et al., 372 

2014; Semba et al., 2007;Wu et al., 2009; Yao et al., 2011). Finally, exposure to Cd has 373 

been related to a higher risk of several pathologic conditions that are linked to 374 

functional deterioration such as cognitive decline (Li et al., 2018; Peng et al., 2020), 375 

osteoporosis (Engström et al., 2011; Gallagher et al., 2008), or macular degeneration 376 

(Wu et al., 2014). 377 



Several research groups have described deleterious health effects at very low blood Cd 378 

concentrations as those observed in the present study. For example, in the Malmö Diet 379 

and Cancer Study blood Cd levels between 0.26 and 0.4999 μg/L were associated with a 380 

1.5 increased risk of a major adverse cardiac event compared with levels below 0.17 381 

μg/L (Barregard et al., 2016). More recently, researchers from the ELISABET survey 382 

found that a 0.1 μg/L increment in blood Cd was associated with an HbA1c increase of 383 

0.016% among never-smokers with median blood Cd concentrations around 0.3 μg/L. 384 

(Trouiller-Gerfaux et al., 2019) Also, in NHANES, blood Cd levels in female 385 

nonsmokers have shown a U-shaped relationship with the prevalence of peripheral 386 

artery, reflecting adverse effects at blood Cd levels < 0.3 μg/L (Tellez-Plaza et al., 387 

2010); while blood Cd levels in the range of 0.3 to 0.6 μg/L have been associated with 388 

an increased risk of death from Alzheimer´s disease (Min & Min, 2016). Given these 389 

findings, several authors have suggested that tolerable weekly intakes should be 390 

reviewed (Satarug et al., 2017), and that population risk assessment of dietary Cd intake 391 

could benefit from reliance in blood Cd concentrations because,  unlike dietary intakes, 392 

the former show a good correlation with urinary Cd. Our results support these 393 

recommendations. 394 

The main limitation of the present study is that the sample size may have not had 395 

enough power to detect some longitudinal associations or potential interactions by 396 

participants characteristics. Also, we had a high percentage of participants with Cd 397 

concentrations below the LOD of 0.1 μg/L, which was due to the high proportion of 398 

never smokers in the study population (52.6%), and the long time since smoking 399 

cessation among former smokers (median time: 20 years; IQR:10-30). We attempted to 400 

overcome this limitation by first comparing the occurrence of functional impairments in 401 

subgroups of participants defined by their observed Cd levels (i.e. values below the 402 



LOD and values above the LOD divided into quartiles); and then estimating the 403 

association between imputed Cd concentrations and functional limitations. In most 404 

cases, both approaches gave consistent findings, supporting the validity of our 405 

imputation model. Another issue is the use of a single determination of Cd, which can 406 

result in measurement error due to within-individual biomarker variability. 407 

Uncertainties in exposure assessment, however, are likely to be non-differential and 408 

probably lead to underestimate the associations. Finally, for former and current 409 

smokers, we cannot discard residual confounding by long-term, cumulative smoking 410 

dose. We tried to address this issue by excluding current smokers from the analyses, and 411 

also by running separate models in former smokers further adjusting for years since 412 

smoking cessation, with similar findings. In any case, never smokers showed very 413 

consistent results, supporting an effect of Cd on functional impairments independent 414 

from smoking. 415 

Our study also has some strengths. First, we used several validated measures of physical 416 

function in older adults. Second, physical performance tests were conducted by trained 417 

staff under standardized conditions. Third, the analyses were adjusted for many 418 

potential confounders, minimizing the probability of residual confounding. Finally, 419 

results were consistent in sensitivity analyses, including the exclusion of current 420 

smokers.  421 

In conclusion, our study showed that low blood Cd concentrations have a dose-response 422 

association with several measures of physical function decline in older adults. Given 423 

that this is one of the first longitudinal studies on this association, further prospective 424 

research should confirm these results in other populations.  425 

  426 
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Table 1. Baseline characteristics of study participants by categories of blood cadmium 

(n=2548).  
Characteristics Blood cadmium (µg/L)  

  Below LOD Quartiles of the distribution of values > the  LOD  

 All <LOD Q1 
(LOD-0.16) 

Q2 
(0.17-0.24) 

Q3 
(0.25-0.45) 

Q4 
(0.46-7.10) 

p-val† 

N 2548  1078 368 367 368 367  

Age,y, mean (SD) 71.6 (4.4) 72.1 (4.6) 71.3 (4.1) 71.8 (4.5) 71.2 (4.2) 70.5 (3.9) <0.00 
Male, n (%) 1199 (47.1) 515 (47.8) 152 (41.3) 164 (44.7) 159 (43.2) 209 (57.0) <0.00 

< High School education, n (%)  454 (17.8) 184 (17.1) 76 (20.7) 69 (18.8) 66 (17.9) 59 (16.1) 0.49 

Tobacco exposure        
Never smokers, n (%) 1341 (52.6) 733 (68.0) 221 (60.0) 190 (51.8) 150 (40.7) 47 (12.8)  

Former smokers, n (%) 967 (38.0) 327 (30.3) 135 (36.7) 159 (43.3) 202 (54.9) 144 (39.2)  

Current smokers, n (%) 240 (9.4) 18 (1.7) 12 (3.3) 18 (4.9) 16 (4.4) 176 (48.0) <0.00 
Non-smokers exposed to SHS, n (%)§ 185 (8.0) 77 (7.3) 32 (9.0) 27 (7.7) 26 (7.7) 23 (12.1) 0.22 

Alcohol consumption         

Never  488 (19.2) 237 (22.0) 62 (16.9) 81 (22.1) 63 (17.1) 45 (12.3)  
Moderate drinker 1769 (69.4) 724 (67.2) 263 (71.5) 252 (68.7) 260 (70.7) 270 (73.6)  

Heavy drinker 127 (5.0) 37 (3.4) 17 (4.6) 11 (3.0) 24 (6.5) 38 (10.4)  

Ex-drinker  164 (6.4) 80 (7.4) 26 (7.1) 23 (6.3) 21 (5.7) 14 (3.8) <0.00 
BMI ≥30 665 (26.1) 285 (26.4) 97 (26.4) 105 (28.6) 101 (27.5) 77 (21.0) 0.16 

MDS, mean (SD) 4.3 (1.6) 4.3 (1.6) 4.3 (1.6) 4.4 (1.7) 4.4 (1.6) 4.3 (1.6) 0.51 

Leisure-time PA, METs-h/w mean (SD) 66.8 (36.3) 67.9 (36.2) 67.5 (36.8) 64.9 (34.7) 69.1 (37.3) 62.6 (36.4) 0.14 
Television viewing time, h/w mean (SD) 22.3 (11.0) 22.3 (10.7) 21.9 (10.6) 21.9 (10.8) 22.7 (11.1) 22.4 (12.1) 0.79 

Hypertension, n (%) 1739 (68.3) 735 (68.2) 252 (68.5) 250 (68.1) 241 (65.5) 261 (71.1) 0.61 

Cardiovascular disease, n (%) 88 (3.5) 35 (3.3) 8 (2.1) 17 (4.6) 18 (4.9) 10 (2.7) 0.24 
Diabetes mellitus, n (%)  530 (20.8) 251 (23.3)  80 (21.7) 68 (18.5) 58 (15.8) 73 (19.9) 0.02 

Dyslipidemia, n (%) 1467(57.6) 591 (54.8) 208 (56.5) 224 (61.0) 229 (62.2) 215 (59.6) 0.07 

Osteoarthritis, n (%) 1104 (43.6) 510 (47.6) 146 (40.0) 164 (45.2) 152 (41.3) 132 (36.1) 0.01 
Depression, n (%) 328 (13.1) 146 (13.8) 37 (10.2) 53 (14.7) 46 (12.6) 46 (12.6) 0.40 

Q: Quartiles; LOD: Limit of detection 
† P-values for the null hypothesis that there are no differences in participants characteristics 

by Cd categories were derived from chi-square (categorical variables) or ANOVA tests 

(continuous outcomes).  
§Based on 2,307 non-smokers with this information available 

  



Table 2: Cross-sectional association between blood cadmium concentrations and measures of physical performance and disability in older adults. 

Results are Odds Ratios and their 95% confidence intervals.  
 LowPCS  Low SPPB  Low grip strength  Mobility limitations  Frailty   IADL disability 

Cd (µg/L)  n/ 

total 

OR (95%CI)  n/ 

total 

OR (95%CI)  n/ 

total 

OR (95%CI)  n/ 

total 

OR (95%CI)  n/ 

total 

OR (95%CI)  n/ 

total 

OR (95%CI)  
M1 M2  M1 M2  M1 M2  M1 M2  M1 M2  M1 M2 

Overall sample 

< LOD 97/ 

981 

Ref. Ref.  152/ 

997 

Ref. Ref.  128/ 

997  

Ref. Ref.  366/ 

989 

Ref. Ref.  87/ 

1000 

Ref. Ref.  66/ 

995 

Ref Ref 

LOD-0.16 28/ 

340 

0.89 

(0.57;1.39) 

1.07 

(0.66;1.72) 

 48/ 

339 

1.06  

(0.74;1.54) 

1.18  

(0.81;1.73) 

 40/ 

342 

1.04 

(0.70;1.53) 

1.17 

(0.78;1.75) 

 121/ 

341 

0.90 

(0.69;1.19) 

1.00 

(0.74;1.33) 

 31/ 

343 

1.18 

(0.71;1.97) 

1.07 

(0.65;1.79) 

 22/ 

340 

1.15 

(0.68;1.93) 

1.39 

(0.78;2.38) 

0.17-0.24 33/ 

338 

1.03 

(0.68;1.58) 

1.17 

(0.74;1.83) 

 59/ 

342 

1.28 

 (0.90;1.82) 

1.35  

(0.94;1.95) 

 41/ 

346 

0.97 

(0.66;1.44) 

0.97 

(0.65;1.45) 

 135/ 

341 

1.12 

(0.85;1.48) 

1.14 

(0.85;1.53) 

 33/ 

346 

1.44 

(0.87;2.36) 

1.24 

(0.76;2.03) 

 29/ 

345 

1.46 

(0.91;2.36) 

1.46 

(0.87;2.45) 

0.25-0.45 34/ 

340 

1.13 

(0.74;1.72) 

1.38 

(0.87;2.19) 

 44 

/342 

1.03  

(0.70;1.51) 

1.21  

(0.81;1.80) 

 43/ 

341 

1.22 

(0.82;1.81) 

1.34 

(0.89;2.01) 

 133/ 

341 

1.11 

(0.84;1.46) 

1.28 

(0.96;1.72) 

 30/ 

342 

1.31 

(0.77;2.21) 

1.30 

(0.78;2.16) 

 22/ 

342 

1.32 

(0.78;2.25) 

1.82 

(1.08;3.32) 

0.46-7.10  32/ 

327 

1.39 

(0.84;2.29) 

1.86 

(1.08;3.21) 

 35/ 

331 

1.09  

(0.67;1.76) 

1.34  

(0.82;2.19) 

 29/ 

332 

1.03 

(0.62;1.74) 

1.20 

(0.71;2.04) 

 115/ 

331 

1.27 

(0.91;1.78) 

1.51 

(1.06;2.15) 

 31/ 

333 

2.26 

(1.19;4.40) 

1.88 

(1.00;3.53) 

 19/ 

331 

1.59 

(0.81;3.11) 

2.37 

(1.15;4.86) 

p-trend†  0.16 0.02   0.74 0.23   0.56 0.27   0.10 0.01   0.02 0.05   0.08 <0.01 

                        

Per log2 224/ 

2326 

1.08 

(0.96;1.21) 

1.16 

(1.03;1.31) 

 338/ 

2351 

1.02  

(0.92;1.13) 

1.08  

(0.97;1.20) 

 281/ 

2358 

1.07 

(0.96;1.19) 

1.10 

(0.98;1.23) 

 870/ 

2343 

1.06 

(0.99;1.15) 

1.11 

(1.02;1.20) 

 212/ 

2364 

1.19 

(1.03;1.37) 

1.16 

(1.02;1.33) 

 158/ 

2353 

1.14 

(0.99;1.31) 

1.26 

(1.08;1.47) 

Excluding smokers 

< LOD 97/ 

964 

Ref. Ref.  150/ 

980 

Ref. Ref.  128/ 

980  

Ref. Ref.  364/ 

972 

Ref. Ref.  87/ 

983 

Ref. Ref.  66/ 

978 

Ref Ref 

LOD-0.16 27/ 

328 

0.87 

(0.56;1.37) 

1.03 

(0.63;1.69) 

 47/ 

327 

1.08  

(0.75;1.57) 

1.22  

(0.83;1.79) 

 39/ 

330 

1.02 

(0.69;1.52) 

1.16 

(0.77;1.75) 

 119/ 

329 

0.90 

(0.68; 1.18) 

1.00 

(0.75;1.34) 

 31/ 

331 

1.24 

(0.74;2.07) 

1.13 

(0.68;1.88) 

 22/ 

328 

1.19 

(0.71;2.01) 

1.50 

(0.85;2.63) 

0.17-0.24 33/ 

326 

1.05 

(0.69;1.60) 

1.17 

(0.74;1.85) 

 57/ 

327 

1.28  

(0.90;1.82) 

1.39  

(0.96;2.01) 

 40/ 

331 

0.96 

(0.65;1.542) 

0.97 

(0.65;1.46) 

 132/ 

327 

1.11 

(0.85; 1.45) 

1.13 

(0.85;1.52) 

 33/ 

331 

1.47 

(0.90;2.42) 

1.27 

(0.81;2.26) 

 28/ 

330 

1.44 

(0.89;2.35) 

1.46 

(0.86;2.49) 

0.25-0.45 33/ 

324 

1.12 

(0.77;1.72) 

1.37 

(0.86;2.20) 

 43/ 

326 

1.05  

(0.71;1.54) 

1.25  

(0.84;1.87) 

 43/ 

325 

1.24 

(0.84;1.84) 

1.37 

(0.91;2.06) 

 128/ 

325 

1.11 

(0.84;1.46) 

1.28 

(0.93;1.71) 

 30/ 

326 

1.34 

(0.79;2.27) 

1.33 

(0.77;2.09) 

 21/ 

326 

1.31 

(0.77;2.25) 

2.00 

(1.12;3.56) 

0.46-2.97 20/ 

176 

1.31 

(0.79;2.19) 

1.84 

(1.03;3.29) 

 21/ 

178 

1.10  

(0.65;1.85) 

1.35  

(0.79;2.30) 

 14/ 

178 

0.80 

(0.43;1.46) 

0.95 

(0.51;1.76) 

 66 

/178 

1.32  

(0.95; 1.85) 

1.48 

(1.00;2.17) 

 13/ 

179 

1.63 

(0.78;3.39) 

1.35 

(0.65;2.73) 

 9/ 

178 

1.41 

(0.66;3.03) 

2.34 

(1.05;5.48) 

p-trend†  0.26 0.03   0.68 0.20   0.88 0.48   0.09 0.02   0.09 0.10   0.14 <0.01 

                         

Per log2 210/ 

2118 

1.05 

(0.93;1.18) 

1.14 

(1.00;1.30) 

 318/ 

2138 

1.04  

(0.94;1.16) 

1.11  

(1.00;1.25) 

 264/ 

2144 

1.03 

(0.92;1.16) 

1.07 

(0.95;1.21) 

 809/ 

2131 

1.07 

(1.00;1.16) 

1.09 

(1.00;1.19) 

 194/ 

2150 

1.14 

(0.99;1.32) 

1.12 

(0.96;1.28) 

 146/ 

2140 

1.10  

(0.95;1.28) 

1.25 

(1.06;1.48) 

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

Model 1 (M1) was adjusted for sex and smoking status (never, former, current). Model 2 (M2) was further adjusted for 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), total recreational and household 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). 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. 

 

 



Table 3: Prospective association between blood cadmium concentrations and measures of physical performance and disability in older adults. 

Results are Hazard Ratios (HR) and their 95% confidence intervals (95%CI).  
 Low PCS  Low SPPB  Low grip strength  Mobility Limitations  Frailty  

Cd (µg/L)  cases/ 

individuals 

at risk 

HR (95%CI)  cases/ 

individuals 

at risk 

HR (95%CI)  cases/ 

individuals 

at risk 

HR (95%CI)  cases/ 

individuals 

at risk  

HR (95%CI)  cases/ 

individuals 

at risk 

HR (95%CI)  
M1 M2  M1 M2  M1 M2  M1 M2  M1 M2† 

Overall sample                   

< LOD 37/884 Ref. Ref.  87/717 Ref Ref  113/869 Ref. Ref  87/623 Ref. Ref.  40/913 Ref. Ref. 

LOD-0.16 10/312 1.22 

(0.59;2.52) 

1.18 

(0.55;2.54) 

 40/255 1.55 

(1.06;2.28) 

1.56 

(1.06;2.29) 

 46/302 1.23 

(0.87;1.74) 

1.23 

(0.87;1.75) 

 28/220 0.86 

(0.56;1.32) 

0.88 

(0.57;1.36) 

 12/312 1.11  

(0.58;2.15) 

1.85  

(0.44;2.15) 

0.17-0.24 15/305 1.40 

(0.70;2.80) 

1.40 

(0.70;2.81) 

 45/249 1.68 

(1.16;2.42) 

1.64 

(1.14;2.40) 

 45/305 1.16 

(0.81;1.64) 

1.11 

(0.78;1.58) 

 23/206 0.83 

(0.52;1.32) 

0.92 

(0.58;1.47) 

 20/313 1.50 

(0.85;2.64) 

1.23 

(0.71;2.64) 

0.25-0.45 15/306 1.90 

(0.99;3.67) 

2.15 

(1.10;5.18) 

 33/263 1.23 

(0.82; 1.86) 

1.31 

(0.86; 1.98) 

 43/298 1.15 

(0.80;1.65) 

1.16 

(0.80;1.67) 

 36/212 1.24 

(0.83;1.85) 

1.31 

(0.87;2.00) 

 18/312 1.79 

(1.00;3.19) 

1.42 

(0.82;3.19) 

0.46-7.10  13/295 2.10 

(0.96;4.61) 

2.15 

(0.96;4.81) 

 38/265 1.45 

(0.91; 2.29) 

1.58 

(1.10; 2.53) 

 33/303 0.87  

(0.55;1.39) 

0.87  

(0.54;1.39) 

 27/208 0.85 

(0.50;1.44) 

0.92 

(0.53;1.60) 

 13/302 1.88 

(1.00;3.91) 

1.73 

(0.86;3.91) 

p-trend†  0.02 0.01   0.06 0.03   0.93 0.96   0.95 0.62   0.02 0.07 

                    

Per log2 90/2102 1.23 

(1.02;1.48) 

1.25 

(1.03;1.51) 

 243/1749 1.12 

(1.01; 1.24) 

1.14 

(1.03; 1.27) 

 280/2077 1.02 

(0.93;1.13) 

1.02 

(0.92;1.13) 

 202/1473 1.00 

(0.89;1.13) 

1.03 

(0.91;1.16) 

 103/2152 1.21 

(1.03;1.42) 

1.16 

(1.00;1.35) 

Excluding smokers                   

< LOD 37/867 Ref. Ref.  86/706 Ref Ref  113/852 Ref Ref  82/608 Ref. Ref.  40/896 Ref Ref 

LOD-0.16 9/301 1.10 

(0.52;2.34) 

1.18 

(0.55;2.53) 

 39/245 1.57 

(1.07;2.31) 

1.56 

(1.06;2.31) 

 43/291 1.18 

(0.82;1.67) 

1.19 

(0.83;1.70) 

 26/210 0.89 

(0.57;1.39) 

0.91 

(0.58;1.43) 

 11/300 0.94 

(0.48;1.85) 

0.81 

(0.42;1.58) 

0.17-0.24 15/293 1.43 

(0.71;2.84) 

1.47 

(0.73;2.96) 

 41/236 1.62 

(1.11;2.37) 

1.61 

(1.10;2.37) 

 42/291 1.11 

(0.78;1.59) 

1.04 

(0.73;1.50) 

 23/195 0.89 

(0.55;1.44) 

0.94 

(0.58;1.53) 

 19/298 1.44 

(0.82;2.53) 

1.21 

(0.69;2.10) 

0.25-0.45 15/291 1.94 

(1.01;3.75) 

2.27 

(1.16;4.46) 

 31/251 1.19 

(0.80; 1.81) 

1.25 

(0.81; 1.92) 

 41/282 1.15 

(0.80;1.67) 

1.17 

(0.80;1.69) 

 34/195 1.33 

(0.88;2.03) 

1.42 

(0.92;2.17) 

 17/296 1.47 

(0.82;2.65) 

1.41 

(0.80;2.49) 

0.46-2.97 8/156 2.08 

(0.91;4.73) 

2.33 

(1.;5.41) 

 21/142 1.48 

(0.90; 2.42) 

1.65 

(1.00; 2.73) 

 17/164 0.85  

(0.50;1.43) 

0.90  

(0.53;1.52) 

 14/197 1.04 

(0.58;1.87) 

1.16 

(0.64;2.10) 

 9/166 1.67 

(0.79;3.53) 

1.90 

(0.96;3.92) 

p-trend†  0.02 <0.01   0.08 0.04   0.90 0.84   0.42 0.24   0.07 0.06 

                     

Per log2 84/1908 1.22 

(1.00;1.47) 

1.27 

(1.04;1.54) 

 218/1580 1.12 

(1.00; 1.25) 

1.14 

(1.02; 1.28) 

 256/1880 1.01 

(0.91;1.13) 

1.02 

(0.91;1.13) 

 179/1322 1.05 

(0.92;1.19) 

1.08 

(0.95;1.23) 

 96/1956 1.16 

(0.98;1.37) 

1.16 

(0.99;1.37) 

PCS: Physical Component Summary; SPPB: Short Physical Performance Battery. 

Model 1 (M1) was adjusted for sex, age and smoking status (never, former, current). Model 2 (M2) was further adjusted for smoking intensity, 

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). 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.



Figure 1: Dose-response association between blood cadmium concentrations (µg/L) and 

baseline prevalence of physical function limitations in older adults from the Seniors-

ENRICA-2 cohort (n=2548)  

 

PCS: Physical Component Summary; SPPB: Short Physical Performance Battery; IADL: 

Instrumental Activities of Daily Living. 

Plotted values show Odds Ratios (solid curves) and 95% confidence intervals (dashed curves) 

for the association between blood cadmium concentrations and functional limitations. Curves 

are derived from logistic models using restricted cubic splines and adjust for the same 

variables as Model 2 in Table 2. The reference was set at the 33.3th percentile of cadmium 

concentrations (0.07 µg/L). 
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Figure 2 Cross-sectional association between blood cadmium concentrations and measures of physical performance and disability in older adults 

according to participants characteristics 



 



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

Odds ratios (points) and 95% confidence intervals (CIs, horizontal lines) were obtained from logistic regression models with interactions 

between log-transformed imputed cadmium concentrations and the corresponding subgroups. Models adjusted for sex, age, smoking status, 

smoking intensity, educational level, diet quality, alcohol drinking, physical activity, television viewing time, body mass index, hypertension, 

cardiovascular disease, diabetes, dyslipidemia, osteoarthritis, and depression.  P-values for interaction (p-int) were calculated with likelihood 

ratio tests.





Figure 3: Dose-response association between blood cadmium concentrations (µg/L) and 

incidence of physical function limitations in older adults from the Seniors-ENRICA-2 cohort 

followed from baseline (2015-2017) to wave 1 (2019) 

 

PCS: Physical Component Summary; SPPB: Short Physical Performance Battery. 

Plotted values show Hazard ratios (solid curves) and 95% confidence intervals (dashed 

curves) for the association between blood cadmium concentrations and functional limitations. 

Curves are derived from Cox regression models using restricted cubic splines and adjust for 

the same variables as Model 2 in Table 3. The reference was set at the 33.3th percentile of 

cadmium concentrations (0.07 µg/L). 

Note: prospective analyses for IADL disability could not be performed because of the low 

number of incident cases.  
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Figure 4: Prospective association between blood cadmium concentrations and measures of physical performance and disability in older adults 

according to participants characteristics. 



 



PCS: Physical Component Summary; SPPB: Short Physical Performance Battery. 

Hazard ratios (points) and 95% confidence intervals (CIs, horizontal lines) were obtained from Cox regression models with interactions between 

log-transformed imputed blood cadmium concentrations and the corresponding subgroups. Models adjusted for sex, age, smoking status, 

smoking intensity, educational level, diet quality, alcohol drinking, physical activity, television viewing time, body mass index, hypertension, 

cardiovascular disease, diabetes, dyslipidemia, osteoarthritis, and depression. P-values for interaction (p-int) were calculated with likelihood ratio 

tests. 
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