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Summary box 

-Most previous studies on physical activity, sedentary behaviors and age-related 

outcomes have moderate to high risk of bias due to residual confounding, reverse 

causation and selective withdrawal 

- An increasing number of reports suggest differential relationships of mentally-active 

and passive sedentary time with health outcomes, as well as differential associations 

by sex. These differences have not been addressed for healthy ageing 

-Our study suggests that moderate recreational physical activity (10-25 MET- 

hours/week) can delay healthy ageing. 

-Among women, spending less than 2.5 hours/day watching television, and more than 

10 hours/week on mentally-active sedentary activities, are important contributors to 

successful aging. 
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ABSTRACT 

Background: Increasing physical activity (PA) and reducing sedentary behavior (SB) have 

been associated with healthy aging, but their effects adjusted for reverse causation and 

selection bias remain unclear. 

Methods: A deficits accumulation (DA) index based on the number and severity of 51 health 

deficits (0-100%) was calculated at baseline and three biannual follow-up visits in a 

representative cohort of 3,228 community-dwelling older adults in Spain. Average differences 

in DA index by previous recreational PA, household PA, mentally-active SB, and passive SB 

were estimated using marginal structural models with inverse probability of exposure and 

censoring weights. 

Results: Compared to participants with previous recreational PA of 10-19.9 MET-

hours/week, average differences in DA index (95% confidence intervals) were 0.19 (−1.09, 

1.48), 0.69 (−0.23, 1.61), −0.66 (−1.34, 0.02), −0.87 (−1.59, −0.13), and −0.55 (−1.37, 0.28) 

for 0, 0.1-9.9, 20-29.9, 30-39.9, and ≥40 MET-hours/week, respectively (P for trend=0.006). 

Household PA showed no effect on subsequent DA after adjusting for reverse causation. 

Women, but not men, who spent 7-14.9, 15-20.9, and ≥21 hours/week on mentally-active SB 

had DA decreases of 0.09 (−1.00, 1.19), 1.08 (−0.28, 2.45), and 2.17 (0.58, 3.75) compared 

with 1-6.9 hours/week (P for trend=0.005), whereas women who spent 3-3.9, 4-4.9, and ≥5 

hours/day on passive SB showed DA increases of 0.41 (−0.52, 1.35), 1.35 (0.13, 2.57), and 

2.13 (0.78, 3.47) compared with 2-2.9 hours/day (P for trend=0.001). 

Conclusions: The proposed methodology allows estimating the causal effects of PA and SB 

on aging, by simulating a random assignment, in which all subjects have the same probability 

of exposure. 

Registration: The study was registered under ClinicalTrials.gov (number NCT01133093). 

Keywords: causality, health deficits, older adults, physical activity, sedentary behavior 
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BACKGROUND 

Biological aging is the result of heterogeneous damage accumulation in different human 

tissues over lifetime (1). This cumulative harm increases the risk of chronic morbidities, 

cognitive decline, physical impairments, and psychological adverse outcomes, all of which 

are important components of unhealthy aging (2). Because populations are aging rapidly 

across the world but not all subjects age at the same pace, there is great interest in 

understanding the individual determinants of unhealthy aging trajectories (3). Identification of 

these factors may enable behavioral and environmental interventions for healthy aging. 

Increasing physical activity (PA) and reducing sedentary time have been proposed as 

effective strategies to improve health in populations. Specifically, findings from clinical trials 

in old age have shown that moderate-intensity PA programs improve physical function (4) 

and decrease the risk for cognitive decline (5), dementia (6), or major mobility disability (7). 

The evidence from observational studies has also shown beneficial effects of PA on aging-

related conditions (8,9)). In a recent meta-analysis of 23 cohort studies including 174,114 

participants aged 20 to 87 years, PA was positively associated with healthy aging (9), albeit 

the high between-study heterogeneity in PA assessments precluded the estimation of a pooled 

dose-response trend with intensity or the analysis of domain-specific associations. 

Furthermore, two thirds of the identified studies were characterized as having moderate to 

high risk of bias due to residual confounding or differential loss to follow-up, and, more 

importantly, none of them appropriately controlled for time-varying confounding by lifestyle 

changes or reverse causation, where underlying diseases or frailty conditions may cause 

decreased PA. Although experimental studies may partially solve these problems, they are not 

free from caveats. Often generalizability is limited because of restricted admission criteria. 

Moreover, the benefits of randomization are progressively lost with the passing of time, and 

long-term behavior is important when studying the effects of PA on ageing. That is why 
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appropriate observational studies that update the information periodically can provide 

evidence that complements that obtained by experimental designs. In this context, the 

implementation of causal methods may notably account for the effects of reverse causality 

and selective withdrawal. 

The prospective association between sedentary behavior (SB) and geriatric-relevant 

health outcomes faces similar challenges as does the PA literature (10). Moreover, its study is 

further complicated by conflicting results: although non-experimental studies support a 

positive association between total sedentary time and the risk of certain components of 

unhealthy aging, such as physical function impairments (11–15), an increasing number of 

reports suggest differential relationships by SB type. Thus, for example, the time spent in 

cognitively engaged SB (reading, using the computer) has been associated with a decreased 

risk of cognitive (16,17) and mental impairments (18,19) in old age, while more passive SBs 

(television [TV] watching) have shown opposite effects on both cognitive (20,21) and mental 

health (18,19). Overall, this evidence suggests that the mentally stimulating characteristics of 

certain SBs may counterbalance their associated low energy expenditure regarding their 

impact on brain and mental health. To our knowledge, though, no studies have yet evaluated 

the differential dose-response relations of mentally active and passive SBs with trajectories of 

healthy aging. 

In this context, and to overcome the above mentioned methodological problems (time-

varying confounding, reverse causation, and attrition bias), the present study set out to use 

causal methods including marginal structure models with inverse probability of exposure and 

censoring weights, with the objective of estimating the effect of recreational PA, household 

PA, mentally-active SB, and passive SB on the accumulation of health deficits over the 10-

year follow-up of a nationally representative cohort of community-dwelling older adults in 

Spain. 
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METHODS 

Study population and data collection 

The Seniors-ENRICA cohort was established in 2008–2010 with 3,289 individuals selected 

by multi-stage stratified random sampling from the non-institutionalized Spanish population 

aged 60 years or older (2,22). Of the initial cohort, 61 participants were excluded because 

they lacked baseline information on health deficits, PA, SB, or other lifestyle factors. The 

remaining 3,228 participants contributed updated data at 5,316 biannual follow-up visits until 

2017, including 2,444 (75.7%), 1,774 (55.0%), and 1,098 (34.0%) participants in the first, 

second, and third follow-up visits, respectively (Figure 1). Attrition rates increased from 

24.3% to 38.1% across successive visits, with most participants lost due to non-response. 

These losses to follow-up were strongly related to the presence of health deficits and lifestyle 

determinants, and the induced selection bias was corrected through weighting methods based 

on the inverse probability of censoring (see Statistical Analysis section). 

Baseline and follow-up information on sociodemographic, lifestyle, self-rated health, 

and morbidity was collected using computer-assisted telephone interviews and diet histories. 

Samples of urine and blood were collected and mental and physical examinations were 

performed by trained staff in home visits. All participants gave informed consent, and the 

Clinical Research Ethics Committee of the La Paz University Hospital approved the study (nº 

HULP 2144). 

Health deficits accumulation, physical activity, sedentary behavior 

Based on the Rockwood’s frailty index (23), a deficits accumulation (DA) index was 

calculated at baseline and each follow-up visit using a total of 51 health deficits, including 21 

impairments in physical and cognitive functioning, 7 self-reported health and vitality 

problems, 6 mental health conditions, and 17 items on morbidities, polypharmacy, and use of 

health services (2). Some health deficits were assessed in a dichotomous way (1 point if 
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present and 0 otherwise), while others were graded according to severity (0 points for no 

deficit, 0.25 to 0.75 points for mild to moderate deficits, and 1 point for severe deficit). A 

detailed description of the construction of the DA index is provided in Supplementary 

Methods and the complete list of health deficits and associated scores are shown in 

Supplementary Table 1. The overall DA index was calculated as the sum of points assigned 

to each health deficit divided by the total number of deficits and further multiplied by 100 to 

obtain a summary range from 0 to 100% deficit (2). 

Older adults reported at each visit their participation in different PAs using the validated 

questionnaire used in the EPIC-Spain cohort (24). Recreational PA included walking 

(commuting, shopping, or leisure time), cycling (commuting or leisure time), and playing 

sports (running, playing soccer, doing aerobics, swimming, or playing tennis), while 

household PA consisted of doing household chores (cleaning, cooking, doing laundry, or 

children rearing), gardening, and doing home-repair (do-it-yourself activities). Across all 

waves, walking was the only recreational PA in approximately 60% of the study participants. 

Compared with the rate of energy expended at rest, the assigned metabolic equivalents of 

tasks (METs) were 2.5 for walking and household chores and 4.0 for cycling, playing sports, 

gardening, and home repair (25). Recreational PA was categorized into 0, 0.1–9.9, 10–19.9, 

20–29.9, 30–39.9, and ≥ 40 MET-hours/week and household PA into 0, 0.1–19.9, 20–39.9, 

40–59.9, 60–79.9, and ≥ 80 MET-hours/week. 

Participants also reported the average weekly hours during the preceding year that they 

were sitting or lying in different activities using the Nurses’ Health Study questionnaire 

validated in Spain (26). These SBs were classified into mentally-active (reading or using the 

computer) and passive (TV watching). Mentally-active SB was categorized as < 1, 1–6.9, 7–

14.9, 15–20.9, and ≥ 21 hours/week and passive SB as < 2, 2–2.9, 3–3.9, 4–4.9, and ≥ 5 

hours/day. 



8 

 

Other lifestyle factors were collected at baseline and follow-up visits, including 

smoking status (never, former, or current), alcohol drinking (never, former, or current), and 

adherence to the Mediterranean diet (≤ 5, 6, 7, 8, or ≥ 9 points), as determined by the 

Mediterranean Diet Adherence Screener score (27). Weight and height were measured twice 

using electronic scales and portable extendable stadiometers with standardized procedures, 

and the mean of the two readings was used to calculate the body mass index (< 25, 25–29.9, 

or ≥ 30 kg/m2) (28). 

Statistical analysis 

The average differences in DA index at each follow-up visit across activity categories at 

previous visit (recreational PA, household PA, mentally-active SB, or passive SB) were 

initially estimated using repeated measures regression models adjusted for age (restricted 

quadratic splines with knots at 65, 70, 75, and 80 years), sex (men or women), educational 

level (primary or less, secondary, or university), baseline DA index (restricted quadratic 

splines with knots at 10, 20, and 30%), and baseline categories of time-varying lifestyle 

factors, including smoking status, alcohol drinking, Mediterranean diet score, body mass 

index, and the alternative activity variables. Tests for linear trend in the average DA index 

were performed by including an ordinal variable with the median of each activity category, 

and smooth dose-response curves were estimated through restricted quadratic splines of 

activity variables with the upper tail constrained to be linear and the same non-zero cut-points 

used for categorical analysis. 

To adjust for potential time-varying confounding by lifestyle changes and reverse 

causation by previous DA index, the above models were then fitted using inverse probability 

of exposure weights. This method was used since follow-up levels of time-varying lifestyle 

factors and DA index may simultaneously be confounders for later activity and mediators for 

earlier activity and thus cannot be appropriately adjusted for by standard methods (29). 
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Stabilized exposure weights were assigned to each participant-visit as the probability of 

having the observed activity history up to the previous visit given age, sex, education, and 

baseline lifestyle factors and DA index, divided by the same probability further conditional on 

full lifestyle and DA histories through that visit. These probabilities were estimated from 

pooled polytomous logistic models with activity categories across successive visits as 

outcome (see Supplementary Methods for a formal definition and estimation of exposure 

weights). The odds of being in a higher category of recreational PA, household PA, and 

mentally-active SB decreased by 30%, 14% and 16% per 10-percent increase in DA index at 

the same visit, respectively. Inverse probability of exposure weighting provided an effective 

adjustment for time-varying confounding since, given baseline lifestyle factors and DA index, 

the weighted distributions of these confounders at each follow-up visit were virtually identical 

across activity categories (Supplementary Tables 2 and 3). 

To control further for selection bias due to differential loss to follow-up with respect to 

time-varying DA index and its lifestyle determinants, the repeated measures models were 

finally fitted using the product of both inverse probability of exposure and censoring weights 

(29). If time-varying lifestyle factors and DA index were affected by earlier activity, standard 

adjustment for these common predictors of censoring and outcome would provide a biased 

estimate of the effect of activity on DA index (30). Stabilized censoring weights were 

allocated to each participant-visit as the probability of remaining uncensored up to the current 

visit given activity history through the previous visit, age, sex, education, and baseline 

lifestyle factors and DA index, divided by that probability further conditional on lifestyle and 

DA histories through the previous visit. The probabilities of being uncensored at each follow-

up visit were estimated using pooled logistic models (see Supplementary Methods for 

further details). The odds of remaining uncensored decreased by 33% per 10-percent increase 

in DA index at previous visit. Inverse probability of censoring weighting controlled properly 
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for selection bias; given baseline lifestyles and DA index, the weighted distributions of these 

time-varying factors were nearly identical among censored and uncensored participants at 

subsequent visit (Supplementary Table 4). The distribution of final weights at each follow-

up visit, which were calculated as the product of inverse probability of exposure and 

censoring weights, is displayed in Supplementary Figure 1. 

Specific effects of each activity variable on DA index among men and women were 

estimated by including interactions between activity categories and sex in repeated measures 

models with stabilized exposure and censoring weights and tested for heterogeneity by using 

joint Wald tests. Other potential effect modifications by age group, educational level, and 

baseline categories of DA index and lifestyle factors were explored in a similar way. All 

models used robust standard error estimates to account for within-participant correlations 

induced by repeated measures and weighting (31). Statistical analyses were performed in 

Stata, version 14 (StataCorp) and graphics were produced in R, version 3 (R Foundation for 

Statistical Computing). 

RESULTS 

At baseline, the mean (SD) age and DA index of the 3,228 participants in the Seniors-

ENRICA cohort were 69.0 (6.6) years and 16.2 (11.1) percent deficit, and 53.8% were women 

(Table 1). The mean (SD) recreational and household PAs were 21.2 (14.5) and 37.3 (32.1) 

MET-hours/week and the mean (SD) times spent on mentally-active and passive SBs were 8.0 

(9.8) hours/week and 2.6 (1.6) hours/day. Over 10 years of follow-up, a progressively selected 

sample of 2,444 (75.7%), 1,774 (55.0%), and 1,098 (34.0%) participants attended the first, 

second, and third follow-up visits, respectively. Among those retained in the third visit, the 

mean (SD) age and DA index were 75.1 (5.2) years and 19.1 (12.7) percent deficit, with 22.1 

(14.6) and 30.7 (27.3) MET-hours/week of recreational and household PA, and 10.9 (12.0) 

hours/week and 2.8 (1.6) hours/day of mentally-active and passive SB.  
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An inverse prospective association of recreational PA with DA index was observed in 

repeated measures models adjusted for baseline sociodemographic, lifestyle factors, and DA 

index (Table 2, model 1), which was slightly attenuated but remained strong after weighting 

the models to adjust further for time-varying confounding and reverse causation (Table 2, 

model 2) and to control for selection bias due to differential loss to follow-up (Table 2, model 

3). Participants with low recreational PA of 0 and 0.1–9.9 MET-hours/week had subsequent 

average increases in DA index (95% confidence intervals) of 0.19 (−1.09, 1.48) and 0.69 

(−0.23, 1.61) compared to those with intermediate levels of 10–19.9 MET-hours/week, 

whereas participants with high recreational PA of 20–29.9, 30–39.9, and ≥ 40 MET-

hours/week had subsequent DA decreases of 0.66 (−0.02,  1.34), 0.87 (0.13,  1.59), and 0.55 

(−0.28, 1.37), respectively (P for linear trend = 0.006). Smooth dose-response analyses 

showed that the decreasing trend in DA index was particularly marked at middle recreational 

PA levels between 10 and 25 MET-hours/week (Figure 2A). The beneficial effect of 

recreational PA on DA index was evident in both men and women (P for sex interaction = 

0.652) (Table 2, model 3), as well as for walking and for cycling and playing sports 

(Supplementary Table 5, model 3). 

Household PA, however, showed no effect on subsequent DA index after adjusting for 

time-varying confounding, reverse causation, and selection bias (Table 2, model 3 and 

Figure 2B). Compared to participants with intermediate household PA levels of 20–39.9 

MET-hours/week, the average DA index changed by 1.27, −0.11, −0.33, 0.06, and −0.33 for 

participants with 0, 0.1–19.9, 40–59.9, 60–79.9, and ≥ 80 MET-hours/week, respectively (P 

for linear trend = 0.317). This lack of dose-response relation was also observed among 

women, which displayed much higher household PA (P for sex interaction = 0.407). 

Results for mentally-active and passive SB varied substantially by sex (P values for sex 

interaction = 0.042 and 0.018, respectively). While there was no association between these 
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SBs and DA index in men, women who spent more time on mentally-active SB and less time 

on passive SB showed a slower accumulation of health deficits. In fully-weighted models 

accounting for time-varying confounding, reverse causation, and differential loss to follow-

up, women who spent < 1 hour/week on mentally-active SB had an average increase in DA 

index (95% confidence interval) of 0.37 (−1.03,  1.13) compared to those who spent 1–6.9 

hours/week, whereas women with 7–14.9, 15–20.9, and ≥ 21 hours/week of mentally-active 

SB had DA decreases of 0.09 (−1.00,  1.19), 1.08 (−0.28,  2.45), and 2.17 (0.58, 3.75), 

respectively (P for linear trend = 0.005) (Table 3, model 3). In contrast, women who spent 3–

3.9, 4–4.9, and ≥ 5 hours/day on passive SB showed subsequent average increases in DA 

index (95% confidence intervals) of 0.41 (−0.52,  1.35), 1.35 (0.13,  2.57), and 2.13 (0.78, 

3.47) compared to those with 2–2.9 hours/day of passive SB, respectively (P for linear trend = 

0.001) (Table 3, model 3). Among women, the decreasing trend in DA index was more 

marked above 10 hours/week of mentally-active SB and the increasing DA trend between 2.5 

and 5 hours/day of passive SB (Figure 3B and D). 

In exploratory subgroup analyses, the average decreases in DA index with increasing 

recreational PA were larger in participants aged 70 years or older (P for interaction = 0.004), 

those with secondary education or more (P = 0.012), and non-drinkers at baseline (P = 0.017). 

In addition, the DA increases with increasing passive SB were more marked in non-drinkers 

(P = 0.020), participants with higher adherence to the Mediterranean diet (P = 0.024), and 

those with higher levels of household PA at baseline (P = 0.003), which were more prevalent 

lifestyle factors among women (Supplementary Figures 2 to 5). 

DISCUSSION 

In this cohort of older adults followed with repeated measures for up to 10 years, higher levels 

of recreational PA, particularly between 10 and 25 MET-hours/week, were associated with 

reduced age-related DA after controlling for time-varying confounding by reverse causation 
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and selection bias. Moreover, spending less than 2.5 hours/day watching television, and more 

than 10 hours/week on mentally-active sedentary activities, were important contributors to 

successful aging among older women.  

Strengths of this study include the use of a great number of validated measures of 

physical function, cognition, and chronic conditions; the use of domain-specific PA and SB; 

the adjustment for a broad range of time-varying potential confounders; and the 

implementation of robust methods (29). The main limitation is the use of self-reported 

exposure information, which is prone to recall and social desirability bias. However, the use 

of objective measures (i.e. accelerometry) of PA and sedentary time would have prevented us 

from evaluating specific domains, which, as shown by our results, is essential to correctly 

address their health effects in older adults. Moreover, in a new cross-sectional study using 

both objective  measures and self-reports in 1111 Spanish participants from the Seniors-

Enrica II cohort, we have found similar associations between light or moderate-to-vigorous 

PA and DAI scores using accelerometer or self-reported PA. Another limitation is that we did 

not have explicit information on resistance, balance, or flexibility training, which may also 

have important benefits over specific health deficits (32–34). Additionally, although we 

adjusted for a great number of confounders, adjustment may not have been sufficient to 

compensate for differences between participants who reported ‘none’ vs those who reported 

‘any’ PA, which may limit the interpretation of the dose-response curve at very low levels. 

Finally, our results cannot be extrapolated to institutionalized populations (35). 

Regarding household PA, the present results show that this type of activity is not 

effective against ageing. The only previous study addressing this association did found an 

inverse relation in a sample of 900 individuals representative of the older adult population in 

Germany (36); however the authors pointed out that their findings may have been influenced 

by reverse causation, which has been confirmed in our analyses. 
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A recent narrative review has emphasized the need to adequately address sex 

differences in SB and health outcomes in the elderly (10). This recommendation is sustained 

by both cross-sectional and prospective studies showing sex-specific associations of SB with 

cardiovascular (37), functional (38,39) or mental (19) health outcomes, with greater effects 

usually observed among women. Although there is no a priori biological reason to explain 

these differences, studies have hypothesized that poorer baseline health may make women 

more susceptible to the detrimental/positive effects of sedentary behaviors (10).  Other studies 

have suggest that sex-related discrepancies in the association between leisure activities and 

health outcomes may be driven by differences in living arrangement (40); however in our 

study similar associations were found among individuals living/not living alone, as well as 

among those spending <8/≥8 hours alone at home (data not shown). In any case, because ours 

is the first study to evaluate the stratified effect of mentally-active and passive SB on the 

accumulation of health deficits, results need to be confirmed by further research. 

CONCLUSIONS 

Our findings provide important evidence for informing public health recommendations. In 

particular, they suggest greatest reductions in DA with 10 to 25 MET-hours/week of 

recreational, but not household, PA. Walking appeared to be as beneficial as more vigorous 

activities, such as cycling or sports. These results also draw attention to the importance of 

differentiating between mentally-active and passive SB, while contribute to the evidence of 

sex-related differences of SB on health. Future intervention studies should evaluate whether 

combining low intensity recreational activities (i.e walking) with mentally-active sedentary 

activities (i.e. reading) may result in lower DA, particularly among women, which are known 

to lose function and accumulate morbidities faster than men (2). 

Funding: This work was supported by the Instituto de Salud Carlos III, State Secretary of 

R+D+I and FEDER/FSE [FIS grants 16/609,16/1512, 18/287 and 19/319].  
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Table 1. Baseline and follow-up characteristics of participants in the Seniors-ENRICA 

cohort, 2008–2010 to 2017.a 

 Baseline visit 

(2008–2010) 

Follow-up visit 

Characteristic First (2013) Second (2015) Third (2017) 

No. of participants 3,228 2,444 1,774 1,098 

Age (years)     

60–64 919 (28.5) 262 (10.7) 2 (0.1) 0 (0.0) 

65–69 1,014 (31.4) 789 (32.3) 451 (25.4) 151 (13.8) 

70–74 633 (19.6) 647 (26.5) 639 (36.0) 418 (38.1) 

75–79 414 (12.8) 424 (17.3) 352 (19.8) 307 (28.0) 

≥ 80 248 (7.7) 322 (13.2) 330 (18.6) 221 (20.1) 

Sex     

Men 1,492 (46.2) 1,151 (47.1) 854 (48.2) 542 (49.4) 

Women 1,736 (53.8) 1,293 (52.9) 920 (51.9) 556 (50.6) 

Educational level     

Primary or less 1,851 (57.3) 1,325 (54.2) 890 (50.1) 524 (47.7) 

Secondary 759 (23.5) 601 (24.6) 475 (26.8) 302 (27.5) 

University 618 (19.2) 518 (21.2) 409 (23.1) 272 (24.8) 

Smoking status     

Never 1,878 (58.2) 1,334 (54.6) 910 (51.3) 538 (49.0) 

Former 973 (30.1) 904 (37.0) 721 (40.6) 489 (44.5) 

Current 377 (11.7) 206 (8.4) 143 (8.1) 71 (6.5) 

Alcohol drinking     

Never 1,002 (31.0) 537 (22.0) 357 (20.1) 175 (15.9) 

Former 460 (14.3) 398 (16.3) 282 (15.9) 245 (22.3) 

Current 1,766 (54.7) 1,509 (61.7) 1135 (64.0) 678 (61.8) 

Mediterranean diet scoreb     

≤ 5 664 (20.6) 344 (14.1) 244 (13.8) 169 (15.4) 

6 656 (20.3) 483 (19.8) 339 (19.1) 237 (21.6) 

7 748 (23.2) 582 (23.8) 405 (22.8) 277 (25.2) 

8 609 (18.9) 537 (21.9) 404 (22.8) 245 (22.3) 

≥ 9 551 (17.1) 498 (20.4) 382 (21.5) 170 (15.5) 

Body mass index (kg/m2)     

< 25 643 (19.9) 559 (22.9) 471 (26.6) 302 (27.5) 

25–29.9 1,529 (47.4) 113 (45.4) 805 (45.4) 501 (45.6) 

≥ 30 1,056 (32.7) 772 (31.6) 497 (28.0) 295 (26.9) 

Recreational physical activityc (MET-hours/week)    

0 269 (8.3) 171 (7.0) 153 (8.6) 59 (5.4) 

0.1–9.9 409 (12.7) 325 (13.3) 208 (11.7) 151 (13.7) 

10–19.9 1,070 (33.1) 780 (31.9) 586 (33.0) 381 (34.7) 

20–29.9 673 (20.9) 566 (23.2) 351 (19.8) 216 (19.7) 

30–39.9 451 (14.0) 363 (14.9) 283 (6.0) 170 (15.5) 

≥ 40 356 (11.0) 239 (9.7) 193 (10.9) 121 (11.0) 

Household physical activityc (MET-hours/week)    

0 246 (7.6) 203 (8.3) 142 (8.0) 100 (9.1) 

0.1–19.9 1,009 (31.3) 784 (32.1) 524 (29.5) 408 (37.2) 

20–39.9 754 (23.4) 612 (25.0) 408 (23.0) 272 (24.8) 

40–59.9 518 (16.0) 415 (17.0) 315 (17.8) 154 (14.0) 

60–79.9 317 (9.8) 221 (9.0) 174 (9.8) 94 (8.5) 

≥ 80 384 (11.9) 209 (8.6) 211 (11.9) 70 (6.4) 

Mentally-active sedentary behaviord (hours/week)    

< 1 862 (26.7) 576 (23.6) 355 (20.0) 199 (18.1) 

1–6.9 1,243 (38.5) 910 (37.2) 654 (36.9) 381 (34.7) 
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7–14.9 581 (18.0) 475 (19.4) 343 (19.3) 259 (23.6) 

15–20.9 273 (8.5) 259 (10.6) 195 (11.0) 105 (9.6) 

≥ 21 269 (8.3) 224 (9.2) 227 (12.8) 154 (14.0) 

Passive sedentary behaviord (hours/day)    

< 2 940 (29.1) 521 (21.3) 333 (18.8) 235 (21.4) 

2–2.9 958 (29.7) 679 (27.8) 445 (25.1) 275 (25.1) 

3–3.9 592 (18.3) 620 (25.4) 429 (24.2) 286 (26.0) 

4–4.9 363 (11.3) 339 (13.9) 281 (15.8) 157 (14.3) 

≥ 5 375 (11.6) 285 (11.6) 286 (16.1) 145 (13.2) 

Deficits accumulation indexe     

< 10 1,119 (34.6) 645 (26.4) 448 (25.2) 292 (26.6) 

10–19.9 1,147 (35.5) 853 (24.9) 661 (37.3) 382 (34.8) 

20–29.9 571 (17.8) 515 (21.1) 339 (19.1) 233 (21.2) 

≥ 30 391 (12.1) 431 (17.6) 326 (18.4) 191 (17.4) 

a Data are number (percentages). 
b Mediterranean Diet Adherence Screener score, ranging from 0 to 14 points (highest adherence). 
c Recreational physical activity included walking, cycling, and playing sports and household physical activity 

included doing household chores, gardening, and home repair. The metabolic equivalents of tasks (METs) were 

2.5 for walking and household chores and 4.0 for cycling, playing sports, gardening, and home repair. 
d Mentally-active sedentary behavior included reading and using the computer and passive sedentary behavior 

included TV watching. 
e Percentage of health deficits present out of the 51 health deficits considered, scale ranging from 0 to 100% 

deficit. 
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Table 2. Differences in health deficits accumulation by previous recreational and household physical activity among men and women in the 

Seniors-ENRICA cohort, 2008–2010 to 2017. 

 No. of 

follow-up visits 

Average difference in deficits accumulation indexa (95% CI) 

Previous physical activity Model 1b Model 2c Model 3d 

Recreational (MET-hours/week)     

Overall     

0 387 1.57 (0.43 to 2.70) 0.44 (−0.74 to 1.63) 0.19 (−1.09 to 1.48) 

0.1–9.9 645 1.30 (0.46 to 2.13) 0.68 (−0.16 to 1.52) 0.69 (−0.23 to 1.61) 

10–19.9 1,723 0.00 (reference) 0.00 (reference) 0.00 (reference) 

20–29.9 1,146 −0.81 (−1.40 to −0.21) −0.59 (−1.21 to 0.03) −0.66 (−1.34 to 0.02) 

30–39.9 805 −0.73 (−1.40 to −0.06) −0.67 (−1.35 to 0.00) −0.87 (−1.59 to −0.13) 

≥ 40 610 −0.56 (−1.34 to 0.22) −0.40 (−1.20 to 0.39) −0.55 (−1.37 to 0.28) 

P for linear trende  < 0.001 0.010 0.006 

Men     

0 135 1.44 (−0.05 to 2.94) 1.17 (−0.77 to 3.10) 1.06 (−0.86 to 2.99) 

0.1–9.9 223 0.64 (−0.58 to 1.86) 0.15 (−1.10 to 1.42) 0.44 (−0.96 to 1.84) 

10–19.9 736 0.00 (reference) 0.00 (reference) 0.00 (reference) 

20–29.9 532 −1.02 (−1.92 to −0.12) −0.72 (−1.53 to 0.09) −0.63 (−1.48 to 0.23) 

30–39.9 453 −0.68 (−1.63 to 0.28) −0.50 (−1.41 to 0.42) −0.54 (−1.48 to 0.41) 

≥ 40 468 −0.47 (−1.42 to 0.48) −0.21 (−1.15 to 0.72) −0.23 (−1.18 to 0.73) 

P for linear trende  0.013 0.192 0.151 

Women     

0 252 1.66 (0.51 to 2.81) 0.04 (−1.42 to 1.49) −0.31 (−1.94 to 1.33) 

0.1–9.9 422 1.67 (0.74 to 2.60) 0.96 (−0.14 to 2.05) 0.81 (−0.40 to 2.01) 

10–19.9 987 0.00 (reference) 0.00 (reference) 0.00 (reference) 

20–29.9 614 −0.63 (−1.45 to 0.19) −0.47 (−1.37 to 0.44) −0.65 (−1.68 to 0.37) 

30–39.9 352 −0.85 (−1.83 to 0.14) −0.88 (−1.91 to 0.14) −1.21 (−2.33 to −0.10) 

≥ 40 142 −1.04 (−2.48 to 0.39) −0.93 (−2.54 to 0.68) −1.22 (−2.92 to 0.48) 

P for linear trende  < 0.001 0.015 0.011 

P for sex interactionf  0.660 0.579 0.652 

Household (MET-hours/week)     

Overall     

0 360 2.00 (0.80 to 3.21) 1.49 (0.14 to 2.84) 1.27 (−0.06 to 2.60) 

0.1–19.9 1,641 0.07 (−0.56 to 0.70) −0.11 (−0.76 to 0.54) −0.11 (−0.79 to 0.56) 

20–39.9 1,293 0.00 (reference) 0.00 (reference) 0.00 (reference) 

40–59.9 905 −0.45 (−1.17 to 0.26) −0.23 (−0.97 to 0.52) −0.33 (−1.12 to 0.45) 
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60–79.9 525 −0.07 (−0.99 to 0.85) 0.16 (−0.76 to 1.08) 0.06 (−0.90 to 1.01) 

≥ 80 592 −0.42 (−1.30 to 0.46) −0.24 (−1.16 to 0.68) −0.33 (−1.27 to 0.61) 

P for linear trende  0.035 0.369 0.317 

Men     

0 289 2.00 (0.70 to 3.30) 2.16 (0.69 to 3.64) 1.86 (0.42 to 3.30) 

0.1–19.9 1,260 0.45 (-0.29 to 1.19) 0.35 (−0.40 to 1.11) 0.34 (−0.47 to 1.14) 

20–39.9 581 0.00 (reference) 0.00 (reference) 0.00 (reference) 

40–59.9 256 0.52 (−0.50 to 1.54) 0.57 (−0.50 to 1.64) 0.53 (−0.61 to 1.66) 

60–79.9 109 0.81 (−0.98 to 2.59) 1.08 (−0.76 to 2.92) 0.96 (−0.86 to 2.79) 

≥ 80 52 −0.55 (−2.43 to 1.31) −0.58 (−2.70 to 1.54) −0.52 (−2.69 to 1.65) 

P for linear trende  0.121 0.215 0.302 

Women     

0 71 3.19 (0.22 to 6.15) −0.09 (−3.30 to 3.11) 0.06 (−3.19 to 3.30) 

0.1–19.9 381 −0.39 (−1.52 to 0.75) −0.62 (−1.78 to 0.54) −0.60 (−1.79 to 0.59) 

20–39.9 712 0.00 (reference) 0.00 (reference) 0.00 (reference) 

40–59.9 649 −0.98 (−1.94 to −0.02) −0.71 (−1.71 to 0.28) −0.86 (−1.90 to 0.18) 

60–79.9 416 −0.48 (−1.60 to 0.64) −0.31 (−1.42 to 0.80) −0.41 (−1.57 to 0.75) 

≥ 80 540 −0.64 (−1.68 to 0.40) −0.49 (−1.56 to 0.58) −0.60 (−1.70 to 0.50) 

P for linear trende  0.129 0.801 0.601 

P for sex interactionf  0.232 0.344 0.407 

a Average differences in deficits accumulation index at each follow-up visit and 95% confidence intervals (CIs) by category of recreational (resp. household) physical activity 

at previous visit were obtained from repeated measures regression models with robust standard errors accounting for within-participant correlations induced by repeated 

measures and weighting. Sex-specific differences were obtained by including interactions between categories of recreational (resp. household) physical activity and sex in 

repeated measures models. 
b Model 1 was adjusted for age (restricted quadratic splines with knots at 65, 70, 75, and 80 years), sex (men or women), educational level (primary or less, secondary, or 

university), and baseline levels of deficits accumulation index (restricted quadratic splines with knots at 10, 20, and 30%), smoking status (never, former, or current), alcohol 

drinking (never, former, or current), Mediterranean diet score (≤ 5, 6, 7, 8, or ≥ 9 points), body mass index (< 25, 25–29.9, or ≥ 30 kg/m2), household (resp. recreational) 

physical activity, mentally-active sedentary behavior (< 1, 1–6.9, 7–14.9, 15–20.9, or ≥ 21 hours/week), and passive sedentary behavior (< 2, 2–2.9, 3–3.9, 4–4.9, or ≥ 5 

hours/day). 
c Model 2 was further weighted by the inverse of the conditional probability of having the observed recreational (resp. household) physical activity history up to the previous 

visit given follow-up levels of deficits accumulation index, smoking status, alcohol drinking, Mediterranean diet score, body mass index, household (resp. recreational) 

physical activity, mentally-active sedentary behavior, and passive sedentary behavior through that visit (with the same specifications used for baseline levels). 
d Model 3 was further weighted by the inverse of the conditional probability of remaining uncensored up to the current visit given follow-up levels of deficits accumulation 

index, smoking status, alcohol drinking, Mediterranean diet score, body mass index, household (resp. recreational) physical activity, mentally-active sedentary behavior, and 

passive sedentary behavior through the previous visit (with the same specifications used for baseline levels). 
e P values for linear trend in average deficits accumulation indexes were obtained by using an ordinal variable with the median recreational (resp. household) physical activity 

in each category. 
f P values for interaction between recreational (resp. household) physical activity and sex were obtained by using joint Wald tests of interaction coefficients. 
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Table 3. Differences in health deficits accumulation by previous mentally-active and passive sedentary behavior among men and women in the 

Seniors-ENRICA cohort, 2008–2010 to 2017. 

 No. of 

follow-up visits 

Average difference in deficits accumulation indexa (95% CI) 

Previous sedentary behavior Model 1b Model 2c Model 3d 

Mentally-active (hours/week)     

Overall     

< 1 1,131 0.74 (0.00 to 1.47) 0.32 (−0.43 to 1.08) 0.26 (−0.54 to 1.06) 

1–6.9 2,017 0.00 (reference) 0.00 (reference) 0.00 (reference) 

7–14.9 1,044 −0.26 (−0.90 to 0.39) 0.03 (−0.62 to 0.69) 0.00 (−0.70 to 0.71) 

15–20.9 551 −0.45 (−1.24 to 0.34) −0.17 (−1.02 to 0.68) −0.23 (−1.10 to 0.65) 

≥ 21 573 −0.58 (−1.45 to 0.30) −0.53 (−1.38 to 0.32) −0.61 (−1.50 to 0.28) 

P for linear trende  0.020 0.143 0.129 

Men     

< 1 382 0.32 (−0.76 to 1.42) 0.00 (−1.11 to 1.12) 0.01 (−1.16 to 1.18) 

1–6.9 846 0.00 (reference) 0.00 (reference) 0.00 (reference) 

7–14.9 573 0.05 (−0.77 to 0.86) 0.23 (−0.61 to 1.08) 0.15 (−0.73 to 1.03) 

15–20.9 323 0.44 (−0.56 to 1.44) 0.63 (−0.47 to 1.72) 0.46 (−0.64 to 1.56) 

≥ 21 423 0.17 (−0.87 to 1.22) 0.16 (−0.88 to 1.19) 0.05 (−1.03 to 1.13) 

P for linear trende  0.796 0.578 0.79 

Women     

< 1 749 0.92 (−0.05 to 1.88) 0.46 (−0.52 to 1.45) 0.37 (−1.03 to 1.13) 

1–6.9 1,171 0.00 (reference) 0.00 (reference) 0.00 (reference) 

7–14.9 471 −0.52 (−1.51 to 0.47) −0.12 (−1.13 to 0.89) −0.09 (−1.19 to 1.00) 

15–20.9 228 −1.57 (−2.78 to −0.37) −1.17 (−2.43 to 0.09) −1.08 (−2.45 to 0.28) 

≥ 21 150 −2.22 (−3.77 to −0.70) −2.10 (−3.55 to −0.64) −2.17 (−3.75 to −0.58) 

P for linear trende  < 0.001 0.002 0.005 

P for sex interactionf  0.004 0.012 0.042 

Passive (hours/day)     

Overall     

< 2 1,349 0.27 (−0.33 to 0.86) 0.21 (−0.39 to 0.81) 0.27 (−0.38 to 0.91) 

2–2.9 1,516 0.00 (reference) 0.00 (reference) 0.00 (reference) 

3–3.9 1,173 0.14 (−0.46 to 0.75) 0.31 (−0.31 to 0.92) 0.34 (−0.30 to 0.99) 

4–4.9 670 0.95 (0.14 to 1.75) 0.79 (−0.03 to 1.62) 0.83 (−0.02 to 1.69) 

≥ 5 608 1.26 (0.30 to 2.22) 0.92 (−0.07 to 1.90) 1.07 (0.05 to 2.09) 
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P for linear trende  0.023 0.073 0.070 

Men     

< 2 732 0.42 (−0.37 to 1.20) 0.38 (−0.41 to 1.17) 0.47 (−0.38 to 1.32) 

2–2.9 730 0.00 (reference) 0.00 (reference) 0.00 (reference) 

3–3.9 561 0.05 (−0.78 to 0.88) 0.22 (−0.62 to 1.07) 0.27 (−0.62 to 1.16) 

4–4.9 293 0.56 (−0.56 to 1.68) 0.34 (−0.80 to 1.48) 0.19 (−0.98 to 1.36) 

≥ 5 231 0.02 (−1.43 to 1.47) −0.45 (−1.89 to 0.98) −0.57 (−2.03 to 0.88) 

P for linear trende  0.800 0.479 0.333 

Women     

< 2 617 0.05 (−0.86 to 0.97) −0.02 (−0.94 to 0.89) −0.03 (−0.98 to 0.93) 

2–2.9 786 0.00 (reference) 0.00 (reference) 0.00 (reference) 

3–3.9 612 0.22 (−0.66 to 1.11) 0.38 (−0.50 to 1.27) 0.41 (−0.52 to 1.35) 

4–4.9 377 1.26 (0.11 to 2.41) 1.16 (−0.01 to 2.33) 1.35 (0.13 to 2.57) 

≥ 5 377 2.06 (0.80 to 3.31) 1.80 (0.50 to 3.10) 2.13 (0.78 to 3.47) 

P for linear trende  0.001 0.004 0.001 

P for sex interactionf  0.111 0.067 0.018 

a Average differences in deficits accumulation index at each follow-up visit and 95% confidence intervals (CIs) by category of mentally-active (resp. passive) sedentary 

behavior at previous visit were obtained from repeated measures regression models with robust standard errors accounting for within-participant correlations induced by 

repeated measures and weighting. Sex-specific differences were obtained by including interactions between categories of mentally-active (resp. passive) sedentary behavior 

and sex in repeated measures models. 
b Model 1 was adjusted for age (restricted quadratic splines with knots at 65, 70, 75, and 80 years), sex (men or women), educational level (primary or less, secondary, or 

university), and baseline levels of deficits accumulation index (restricted quadratic splines with knots at 10, 20, and 30%), smoking status (never, former, or current), alcohol 

drinking (never, former, or current), Mediterranean diet score (≤ 5, 6, 7, 8, or ≥ 9 points), body mass index (< 25, 25–29.9, or ≥ 30 kg/m2), recreational physical activity (0, 

0.1–9.9, 10–19.9, 20–29.9, 30–39.9, or ≥ 40 MET-hours/week), household physical activity (0, 0.1–19.9, 20–39.9, 40–59.9, 60–79.9, or ≥ 80 MET-hours/week), and passive 

(resp. mentally-active) sedentary behavior. 
c Model 2 was further weighted by the inverse of the conditional probability of having the observed mentally-active (resp. passive) sedentary behavior history up to the 

previous visit given follow-up levels of deficits accumulation index, smoking status, alcohol drinking, Mediterranean diet score, body mass index, recreational physical 

activity, household physical activity, and passive (resp. mentally-active) sedentary behavior through that visit (with the same specifications used for baseline levels). 
d Model 3 was further weighted by the inverse of the conditional probability of remaining uncensored up to the current visit given follow-up levels of deficits accumulation 

index, smoking status, alcohol drinking, Mediterranean diet score, body mass index, recreational physical activity, household physical activity, and passive (resp. mentally-

active) sedentary behavior through the previous visit (with the same specifications used for baseline levels). 
e P values for linear trend in average deficits accumulation indexes were obtained by using an ordinal variable with the median mentally-active (resp. passive) sedentary 

behavior in each category. 
f P values for interaction between mentally-active (resp. passive) sedentary behavior and sex were obtained by using joint Wald tests of interaction coefficients. 
 



26 

 

FIGURE LEGENDS 

Figure 1. Flow chart of participants in the Seniors-ENRICA cohort, 2008–2010 to 2017. 

Figure 2. Differences in health deficits accumulation as a smooth function of previous 

recreational (A) and household physical activity (B) among participants in the Seniors-

ENRICA cohort, 2008–2010 to 2017. 

Curves represent average differences in deficits accumulation index at each follow-up visit (solid lines) and 95% 

confidence intervals (dashed lines) based on restricted quadratic splines for recreational and household physical 

activity at previous visit with knots at 10, 20, 30, and 40 MET-hours/week and 20, 40, 60, and 80 MET-

hours/week, respectively. The reference values were set at 16.5 and 30.0 MET-hours/week, respectively. 

Average differences were obtained from repeated measures regression models adjusted for age, sex, educational 

level, and baseline levels of deficits accumulation index, smoking status, alcohol drinking, Mediterranean diet 

score, body mass index, household (resp. recreational) physical activity, mentally-active sedentary behavior, and 

passive sedentary behavior; weighted by the inverse of the conditional probabilities of exposure and censoring 

given follow-up levels of the above time-varying factors up to the previous visit; and accounting for within-

participant correlations induced by repeated measures and weighting. Bars represent the histograms of 

recreational and household physical activity at previous visit. 

Figure 3. Differences in health deficits accumulation as a smooth function of previous 

mentally-active (A, B) and passive sedentary behavior (C, D) among men and women in the 

Seniors-ENRICA cohort, 2008–2010 to 2017. 

Curves represent average differences in deficits accumulation index at each follow-up visit (solid lines) and 95% 

confidence intervals (dashed lines) based on restricted quadratic splines for mentally-active and passive 

sedentary behavior at previous visit with knots at 1, 7, 15, and 21 hours/week and 2, 3, 4, and 5 hours/day, 

respectively. The reference values were set at 4.0 hours/week and 2.5 hours/day, respectively. Sex-specific 

average differences were obtained from repeated measures regression models with interactions between spline 

terms for mentally-active (resp. passive) sedentary behavior and sex; adjusted for age, educational level, and 

baseline levels of deficits accumulation index, smoking status, alcohol drinking, Mediterranean diet score, body 

mass index, recreational physical activity, household physical activity, and passive (resp. mentally-active) 

sedentary behavior; weighted by the inverse of the conditional probabilities of exposure and censoring given 

follow-up levels of the above time-varying factors up to the previous visit; and accounting for within-participant 
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correlations induced by repeated measures and weighting. Bars represent the histograms of mentally-active and 

passive sedentary behavior at previous visit among men and women. 


