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Abstract
Background:  Observations that older people who enjoy life more tend to live longer suggest that psychological wellbeing may be a potential resource for healthier ageing.  We investigated whether psychological wellbeing was associated with incidence of physical frailty.

Methods: We used multinomial logistic regression to examine the prospective relation between psychological wellbeing, assessed using the CASP-19 questionnaire that assesses perceptions of control, autonomy, self-realization and pleasure, and incidence of physical frailty or pre-frailty, defined according to the Fried criteria, in 2557 men and women aged 60 to over 90 years from the English Longitudinal Study of Ageing.

Results: Men and women with higher levels of psychological wellbeing were less likely to become frail over the 4-year follow-up period.  For a standard deviation higher score in psychological wellbeing at baseline, the relative risk ratio (95% confidence interval) for incident frailty, adjusted for age, sex and baseline frailty status, was 0.46 (0.40, 0.54). There was a significant association between psychological wellbeing and risk of pre-frailty: 0.69 (0.63, 0.77).  Examination of scores for hedonic (pleasure) and eudaimonic (control, autonomy and self-realization) wellbeing showed that higher scores on both were associated with decreased risk. Associations were partially attenuated by further adjustment for other potential confounding factors but persisted.  Incidence of pre-frailty or frailty was associated with a decline in wellbeing, suggesting that the relationship is bi-directional.  
Conclusions: Maintaining a stronger sense of psychological wellbeing in later life may protect against the development of physical frailty.  Future research needs to establish the mechanisms underlying these findings.
INTRODUCTION

Maintaining a strong sense of psychological wellbeing in the face of the changes and losses of later life is generally considered a crucial part of “healthy” ageing (Baltes and Baltes, 1990; Rowe and Kahn, 1998).  In recent years there has been growing evidence to suggest that wellbeing may also be a potential resource for generally ageing well.  Prospective studies have found that older people with greater wellbeing — whether assessed according to the hedonic view of wellbeing as positive affect or satisfaction with life, or according to the eudaimonic view of wellbeing as sense of purpose, autonomy or meaning in life — are less likely to develop problems with mobility or other activities of daily life 
 ADDIN REFMGR.CITE 
(Boyle et al.  2010; Collins et al.  2008; Ostir et al.  2000)
, show a slower decline in perceptual speed (Gerstorf et al.  2007), and make a better recovery in terms of motor, cognitive and functional status after a stroke 
 ADDIN REFMGR.CITE 
(Ostir et al.  2008)
.  Older people with a more positive attitude to their own ageing report better functional health at subsequent follow-ups 
 ADDIN REFMGR.CITE 
(Levy et al.  2002)
.  

 In a meta-analysis of 35 prospective studies where greater positive wellbeing was linked with a reduced risk of mortality both in healthy populations and in those already ill at baseline, the survival benefit associated with greater wellbeing  was particularly marked in people aged 60 and over 
 ADDIN REFMGR.CITE 
(Chida and Steptoe, 2008)
.  In all of these studies, with the exception of that by Levy et al where there was no control for the potentially confounding effect of depressive symptoms, the protective effect of positive wellbeing persisted after adjustment for negative affect, and so was not due merely to the absence of symptoms of depression.  
Frailty is a clinically recognizable syndrome in older people whose core feature is an increased vulnerability to stressors due to impairments in multiple, inter-related systems, decreased physiological reserves and a decline in the ability to maintain homeostasis 
 ADDIN REFMGR.CITE 
(Bergman et al.  2007; Fried et al.  2001)
.  It is common 
 ADDIN REFMGR.CITE 
(Syddall et al.  2010)
 and associated with numerous adverse outcomes, including falls, disability, hospitalization, institutionalization and death.  There is currently no universally accepted model or definition of frailty 
 ADDIN REFMGR.CITE 
(Rockwood and Bergman, 2012; Rodriguez-Manas et al.  2013)
, but it is generally agreed that its causes are complex and likely to involve both biological and psychosocial mechanisms 
 ADDIN REFMGR.CITE 
(Rockwood et al.  1994; Walston et al.  2006)
. Evidence as to whether psychological wellbeing might be a protective factor as regards risk of frailty in later life is sparse, but in two prospective studies, older people who reported high levels of positive affect had a reduced likelihood of becoming physically frail 
 ADDIN REFMGR.CITE 
(Ostir et al.  2004; Park-Lee et al.  2009)
. Whether other dimensions of psychological wellbeing are similarly protective as regards risk of frailty is unknown.  In a cross-sectional analysis of data from the Canadian Study of Health and Aging, higher scores on an index of frailty--comprising 33 health deficits—was associated with lower scores on the Ryff Psychological Wellbeing scale 
 ADDIN REFMGR.CITE 
(Andrew et al.  2012)
.  Of the six subscales that make up this measure—named autonomy, personal growth, environmental mastery, positive relations, purpose in life and self-acceptance--only purpose in life and autonomy were not associated with frailty score.  Whether these findings reflect the effect of these dimensions of wellbeing on frailty risk or the impact of increasing frailty on wellbeing is unclear.  
The English Longitudinal Study of Ageing (ELSA) is a large population-based sample of older men and women.  We used these data to investigate the 4-year prospective association between scores on the CASP-19, a measure of psychological wellbeing that assesses perceptions of control, autonomy, self-realization and pleasure 
 ADDIN REFMGR.CITE 
(Hyde et al.  2003)
, and risk of incident physical frailty in men and women aged 60 to over 90 years.  

METHODS

Participants

The data for this study come from the English Longitudinal Study of Ageing (ELSA).  The sample for ELSA was based on people aged ≥50 years who had participated in the Health Survey for England in 1998, 1999 or 2001 (Marmot et al.  2011) (Steptoe et al.  2012a). It was drawn by postcode sector, stratified by health authority and proportion of households in non-manual socioeconomic groups. 11,392 people participated in Wave 1 in 2002-3.  At Wave 2 in 2004-5 and at Wave 4 in 2008-9 participants who completed the main interview were invited to have a visit from a nurse that included measurements of physical function, anthropometry and blood sampling.  Nurse visits are conducted at alternate follow-up surveys so data on these measurements were not collected at Wave 3. Ethical approval was obtained from the Multicentre Research and Ethics Committee. Participants gave written informed consent.  
Measures
Maximum handgrip strength was measured three times on each side using a dynamometer; the best of these measurements was used for analysis.   Height and weight were measured with a portable stadiometer and electronic scales respectively. Body mass index (BMI) was calculated as weight (in kilograms)/height (in metres).2 Gait speed was assessed in participants aged 60 and over by measuring the time taken to walk a distance of 8 feet at usual pace; the timed walk was repeated and the mean of the two measurements was calculated.  Participants responded to three questions about the frequency with which they did vigorous exercise (eg running, swimming, cycling, tennis, aerobics or gym workout, digging), moderate exercise (eg gardening, cleaning the car, walking at a moderate pace, dancing, floor or stretching exercise) and mild exercise (eg vacuuming, laundry, home repairs). Each question had four response options (more than once a week, once a week, one to three times a month, hardly ever or never).  These questions about physical activity were extracted from a validated physical activity interview used in the Health Survey for England (Joint Health Surveys Unit, 2007) We ranked the combinations of responses to these questions according to the amount and intensity of exercise involved to provide a summary estimate of usual physical activity, whereby higher scores indicated more frequent, vigorous activity. Symptoms of depression were assessed using the eight-item version of the Center for Epidemiologic Studies Depression Scale (CES-D) (Steffick and The HRS working group, 2000).  We used these data, together with information on participants’ weight at the initial survey, to derive indicators of pre-frailty and frailty at Wave 2 and at Wave 4 in men and women aged ≥60 years using the Fried criteria; there are unintentional weight loss, weakness, self-reported exhaustion, slow walking speed and low physical activity 
 ADDIN REFMGR.CITE 
(Fried et al.  2001)
. Pre-frailty was defined as the presence of one or two of these criteria. Frailty was defined as the presence of three or more of these criteria.  These criteria were originally validated in the Cardiovascular Health Study and the Women’s Health and Aging Studies 
 ADDIN REFMGR.CITE 
(Bandeen-Roche et al.  2006; Fried et al.  2001)
 and have subsequently been validated in other cohorts 
 ADDIN REFMGR.CITE 
(Avila-Funes et al.  2008; Bouillon et al.  2012)
.  We operationalized these criteria using definitions which were identical or very similar to those used in the original phenotype of frailty studies 
 ADDIN REFMGR.CITE 
(Bandeen-Roche et al.  2006; Fried et al.  2001)
: weight loss was defined as either loss of ≥10% of body weight since the initial survey (for frailty at Wave 2) or since Wave 2 (for frailty at Wave 4), or current BMI <18.5 kg/m2; weakness was defined as maximum grip strength in the lowest 20% of the distribution, after taking sex and BMI into account; exhaustion was considered to be present if the participant gave a positive response to either of the CES-D questions ‘Felt that everything I did was an effort in the last week’ or ‘Could not get going in the last week’; slow walking speed was defined as a walking speed in the lowest 20% of the distribution, after taking account of sex and height; as in some previous studies of frailty 
 ADDIN REFMGR.CITE 
(Espinoza et al.  2012; Ostir et al.  2004)
 participants who did not perform the timed walk because they were unable to walk alone or had health restrictions were also categorised as having slow walking speed; low physical activity was defined as physical activity in the lowest sex-specific 20% of the distribution.  In the case of weakness, exhaustion, or physical activity the definitions and cut-points used were identical to those used in the original phenotype of frailty studies 
 ADDIN REFMGR.CITE 
(Bandeen-Roche et al.  2006; Fried et al.  2001)
:
Participants were asked whether a doctor had ever told them that they had any of the following conditions: high blood pressure/hypertension, angina, heart attack, congestive heart failure, diabetes or high blood sugar, a stroke, chronic lung disease, asthma, arthritis or rheumatism, osteoporosis, or cancer.  We used this information to calculate the number of chronic physical diseases present.  Participants took tests of cognitive function (Steel et al.  2003) as follows: immediate and delayed verbal memory (recall of 10 aurally-presented nouns) was assessed using word lists developed for the US Health and Retirement Study; prospective memory (remembering to do a specific task) and attention (letter cancellation task) were assessed using tests previously used in the MRC Cognitive Function and Ageing Study 
 ADDIN REFMGR.CITE 
(Brayne et al.  1998)
; and executive function was assessed using a test of verbal (semantic) fluency (naming as many animals as possible in 60 seconds) taken from the CAMCOG-R (Roth et al.  1999).  A total cognitive function score was calculated by summing scores on these tests.  Socioeconomic status was indexed by total household wealth, including savings and investments, value of any property or business assets, net of debt, excluding pension assets. Household wealth has been identified as the most accurate indicator of long-term socioeconomic circumstances in ELSA (Banks et al.  2003).  Participants provided information about current smoking status and were categorized into three groups (never smoked, ex-smokers and current smokers). 
Psychological wellbeing was assessed using the CASP-19 quality of life questionnaire that consists of 19 items covering four theoretical domains, control, autonomy, self-realization and pleasure 
 ADDIN REFMGR.CITE 
(Hyde et al.  2003)
. Examples include: “I feel free to plan for the future”(control), “I feel that I can please myself what I do” (autonomy), “I choose to do things that I have never done before” (self-realization) and “I enjoy the things that I do” (pleasure). The response to each item is a four-point Likert scale coded 0 to 3. Total scores range from 0 to 57 with higher scores indicating greater psychological wellbeing.  In order to assess whether hedonic and eudaimonic dimensions of psychological wellbeing had similar associations with risk of frailty we used scores on the 4-item pleasure subscale as a measure of hedonic wellbeing and combined total score on the remaining 15 items as a measure of eudaimonic wellbeing, as has been done previously 
 ADDIN REFMGR.CITE 
(Steptoe et al.  2012b)
. Cronbach alpha values in the study sample were 0.88 for the total score, 0.68 for hedonic wellbeing and 0.78 for eudaimonic wellbeing,  indicating good internal consistency. 
During the visit by the nurse, blood samples were taken from participants except those who were not willing to give written consent, those with clotting or bleeding disorders and those taking anti-coagulant drugs.  Fasting samples (defined as no food or drink except water for the past 5 hours) were taken where possible (67% of participants).  Samples were assayed for C-reactive protein and fibrinogen at the Royal Victoria Infirmary, Newcastle-upon-Tyne, UK. Detailed information on the technicalities of the blood analysis, the internal quality control, and the external quality assessment for the laboratory that carried it out are given in the 2004 Health Survey for England technical report as both the Health Survey for England and HSE and ELSA used the same laboratory, and the same guidelines and protocols for blood analysis (Graig et al.  2006).
Analytical sample

Of the 5918 study members aged ≥60 years who were interviewed at Wave 2 in 2004-5, 5377 agreed to be visited by a nurse (91%).  Of these, 3454 were interviewed and visited by a nurse at Wave 4 in 2008-9 after a mean follow-up period of 3.93 years. The present analysis is based on 2557 people who had complete data on psychological wellbeing and baseline covariates at Wave 2 and frailty at Wave 4. To investigate  possible bias due to missing data, we used multiple multivariate imputation to impute values in any covariates with missing values (Royston, 2004).  Imputation models included psychological wellbeing, components of frailty and the potential confounding variables. We used switching regression in STATA software (Royston, 2004) and carried out 10 cycles of regression switching and generated 10 imputation data sets. The multiple multivariate imputation approach creates a number of copies of the data (in this case 10 copies) each of which has missing values imputed based on available data and with an appropriate level of randomness using chained equations. The final estimates are obtained by averaging across the estimates from each of these 10 data sets using Rubin’s rules and taking into account the uncertainty in the imputation as well as uncertainty due to random variation.  Effect sizes obtained after imputation of missing information were essentially the same as those obtained from the sample with complete data, so we present results based on the sample with complete data.
 Statistical analysis

We used ANOVA and Chi-square test to examine differences in baseline characteristics according to the presence of pre-frailty or frailty at follow up.   We used multinomial logistic regression to examine the relation between total score for psychological wellbeing at baseline and risk of incident pre-frailty or frailty, controlling for potentially confounding factors (age, sex, household wealth, smoking status, number of chronic physical diseases, BMI, depressive symptom score, cognitive function, and frailty status at baseline (i.e. whether participants had no, one or two, or three or more components of frailty)).  In order to assess whether hedonic or eudaimonic dimensions of psychological wellbeing differed in their relation with frailty risk, we repeated these analyses using scores for hedonic and eudaimonic wellbeing in place of total score. In a subset of participants with data on blood concentrations of the inflammatory markers C-reactive protein and fibrinogen (n=1786) we examined the effect on the associations of further adjustment for these factors as there is some evidence to link both of them with lower levels of wellbeing
 ADDIN REFMGR.CITE 
(Steptoe et al.  2012b)
and with risk of frailty 


(Barzilay et al.  2007; Gale et al.  2013; Puts et al.  2005) ADDIN REFMGR.CITE .   We used linear regression to examine whether the onset of pre-frailty or frailty in those who were initially not frail was associated with a change in psychological wellbeing at follow-up.  Analyses were weighted using probability weights supplied with the data to correct for any systematic differences in response rates across subgroups and to take account of the complex design of the survey (Steptoe et al.  2012a). Detailed descriptions of these weights and their calculation can be found in the technical reports on the study available at www.ifs.org.uk/elsa. 
Results

Table 1 shows the baseline characteristics of the 2557 men and women in the study according to whether they were not frail, pre-frail or frail at follow-up.    The weighted percentage of participants who were pre-frail or frail at follow-up was 43% and 14% respectively.  Degree of frailty at follow-up, as indicated by whether participants were classified as not frail, pre-frail or frail at that time, was associated with older age, greater likelihood of being in the lowest quintile for household wealth, having more chronic physical diseases, poorer cognitive function, greater prevalence of depression, having a higher BMI, poorer psychological wellbeing and having more indicators of frailty at baseline.  There was no difference in sex distribution between those who were not frail and those who were pre-frail at follow-up, but there were a significantly higher proportion of women among those who were frail.   Compared to those who were not frail at follow-up, those who were pre-frail were slightly more likely to have smoked at baseline, but there were no differences in baseline smoking status between those who were pre-frail and those who were frail at follow-up. 
Preliminary analyses showed that the relationship between psychological wellbeing and risk of incident pre-frailty or frailty did not differ between the sexes or by age (p for interaction terms >0.5).  Multivariate multinomial logistic regression analyses of frailty risk were therefore carried out in men and women together, adjusting for sex and age.  

Table 2 show relative risks for incident pre-frailty and frailty in men and women for a standard deviation higher score in psychological wellbeing (both total score and scores on the two subscales, hedonic and eudaimonic wellbeing). Results are shown adjusted first for age, sex and baseline frailty status, and then with further adjustment for the other potential confounding variables, household wealth, depressive symptoms, cognitive function, body mass index, smoking, and number of chronic physical diseases.   In models adjusting for age, sex and baseline frailty status there were significant inverse associations between total score for psychological wellbeing at baseline and risk of incident frailty: for a standard deviation increase in psychological wellbeing the relative risk ratio (RR) (95% confidence interval) for incident frailty was 0.46 (0.40, 0.54).  Further adjustment for other potential confounding factors partially attenuated the association: RR (95% CI) 0.62 (0.52, 0.77).    There was a significant association between total score for psychological wellbeing and risk of incident pre-frailty: for a standard deviation increase in psychological wellbeing the relative risk ratio (95% confidence interval) for incident pre-frailty was 0.69 (0.63, 0.77).  Further adjustment for other potential confounding factors partially attenuated this association: RR (95% CI) 0.79 (0.71, 0.89).   We repeated these analyses to compare whether risk of frailty varied depending on whether hedonic or eudaimonic dimensions of wellbeing were the predictor.  Higher scores on both dimensions were associated with decreased risk of frailty or pre-frailty.  
In the analyses described above, in order to maximise our sample size we included participants who were pre-frail or frail and adjusted for frailty status at baseline.   To check for the possibility of reverse causation whereby psychological wellbeing at baseline might have been adversely affected in those who already had one or more components of frailty, we repeated our analyses after excluding all such individuals.  In the remaining sample of 1409 men and women, none of whom were pre-frail or frail at baseline, associations between psychological wellbeing and risk of incident frailty were very similar to those found in the full sample: for a standard deviation increase in psychological wellbeing at baseline the multivariate-adjusted risks of incident pre-frailty or frailty were 0.77 (0.66, 0.89) and 0.58 (0.41, 0.84) respectively.   
 In all models, increased age, female sex, lower household wealth, higher BMI, greater number of chronic physical diseases, and poorer cognition were independent risk factors for incident frailty and pre-frailty (data not shown). 

In a subset of participants who had data on blood concentrations of the inflammatory markers C-reactive protein and fibrinogen at baseline (n=1786), we repeated the multivariate analyses with additional adjustment for these variables.  This adjustment had no effect on the associations between baseline psychological wellbeing scores and risk of pre-frailty or frailty at follow-up (data not shown) either in the whole sample or when men and women were analysed separately. 

To illustrate how risk of pre-frailty or frailty at follow-up varied according to level of psychological wellbeing at baseline, figure 1 shows fully-adjusted relative risk ratios according to quarters of the distribution of psychological wellbeing scores at baseline, using those in the lowest quarter of the distribution as the reference group (Figure 1).

At the time of the baseline survey, levels of psychological wellbeing were significantly lower in those with more components of frailty (p for linear trend <0.0001).  To investigate whether this cross-sectional association might be bi-directional in effect, we used the sample of 1409 people who were neither pre-frail nor frail at baseline to examine whether the onset of pre-frailty or frailty during the follow-up period was associated with a change in psychological wellbeing since baseline.  In regression analyses with adjustment for age, sex, and psychological wellbeing at baseline, scores for psychological wellbeing at follow-up were 1.58 points (95% CI 0.93, 2.22) lower in those who had become pre-frail and 3.70 points (1.99, 5.41) lower in those who had become frail compared to those who were not frail.  These associations were only slightly attenuated when further adjusted for the potential confounding factors, depressive symptom score, cognitive function, household wealth, number of chronic illnesses, BMI and smoking status at baseline.  After these adjustments scores for psychological wellbeing at follow-up were 1.30 points (95% CI 0.65, 1.96) lower in those who had become pre-frail and 2.30 points (1.22, 4.77) lower in those who had become frail compared to those who were not frail.  Separate analysis of the eudaimonic and hedonic dimensions of psychological wellbeing showed that those who had become pre-frail or frail showed a relative decline on both dimensions on wellbeing since the baseline survey (data not shown).
Discussion

In this large longitudinal study of people aged 60 to over 90 years, higher scores on a measure of psychological wellbeing that assesses control, autonomy, self-realisation and pleasure were associated with an increased risk of incident pre-frailty and frailty in both men and women.  Adjustment for a range of potential confounding factors, including depressive symptoms, household wealth, cognitive function, number of chronic physical illnesses, BMI, smoking, inflammatory markers, age and sex, and baseline frailty status had only small attenuating effects on these associations, and estimates changed little when analyses were repeated excluding all those who were pre-frail or frail at baseline. Separate examination of scores for hedonic (pleasure) and eudaimonic (control, autonomy and self-realization) dimensions of the psychological wellbeing measure showed that higher scores on both were associated with decreased risk of frailty or pre-frailty.   These results suggest that psychological wellbeing may be a protective factor. We also found an effect in the reverse direction in that the incidence of either pre-frailty or frailty in those initially not frail was associated with a relative decline in psychological wellbeing since the baseline survey.
Only two previous studies have examined the prospective association between psychological wellbeing in older people and risk of becoming frail.   In a cohort of 1500 Mexican Americans, high levels of positive affect were associated with a lower risk of incident frailty (Ostir et al.  2004). One limitation of this study is that no adjustment was made for depressive symptoms so it is impossible to be certain whether the findings reflect a potentially protective effect of positive affect or merely the absence of negative affect.  In another US cohort based solely on women—the Caregiver-Study of Osteoporotic Fractures—high levels of positive affect were predictive of a reduced risk of incident frailty independently of depressive symptoms 
 ADDIN REFMGR.CITE 
(Park-Lee et al.  2009)
.  The results of the present study shows that it may be not only the hedonic aspects of wellbeing such as the experience of happiness and pleasure that protects against the development of frailty, but also eudaimonic aspects such as a sense of autonomy, control, purpose and fulfilment.  No previous study has examined whether psychological wellbeing is predictive of the state of pre-frailty. Consistent with the hypothesis that pre-frailty and frailty represent degrees of severity in the same chronic process, we found that psychological wellbeing, along with other risk factors examined, was predictive of both.

It is important to consider whether our results showing an apparently protective effect of psychological wellbeing could have arisen due to reverse causation.  In accordance with Fried 
 ADDIN REFMGR.CITE 
(Bandeen-Roche et al.  2006; Fried et al.  2001)
 physical frailty was defined as the presence of 3 or more of criteria (unintentional weight loss, weakness, self-reported exhaustion, slow walking speed and low physical activity) and pre-frailty was defined as the presence of 1 or 2 of these criteria.  In looking at risk of developing frailty or pre-frailty at follow-up, we adjusted for the number of these criteria that were present at baseline, and for symptoms of depression and BMI at baseline together with other potential confounding factors.  Associations between wellbeing and later frailty or pre-frailty were only partially attenuated by these adjustments, and persisted when people who were pre-frail or frail at baseline were excluded, but might factors such as weakness, slow walking speed and low physical activity have had an adverse impact on psychological wellbeing prior to baseline, before they reached a level where they counted as frailty criteria? Evidence on this is sparse. In a meta-analysis of longitudinal data from five cohorts in the HALCyon (Healthy Ageing across the Lifecourse) programme, better performance on measures of grip strength, walking speed, timed get up and go speed and chair rise speed were all associated with slightly higher scores on the Warwick Edinburgh mental wellbeing scale – a measure of both hedonic and eudaimonic wellbeing -- a few years later, but the direct of effect in these associations could not be accurately determined (Gale et al.  in press).   So far as we are aware, there is no previous longitudinal evidence as to whether poorer physical capability per se leads to a decline in wellbeing in older people, though the results of the current study suggest that the onset of pre-frailty or frailty—assessed in part by the presence of weakness or slow walking speed—is predictive of lower psychological wellbeing at follow-up than would be expected from initial levels.  This difference persisted after adjustment for depressive symptoms, cognitive function and other potential confounding factors.  It has been suggested that the transition from robust health to increasing frailty can pose psychological challenges as individuals have to adjust to the losses and changes inherent in such a transition 
 ADDIN REFMGR.CITE 
(Fillit et al.  2009)
.  This may account for the apparent decline in psychological wellbeing found here.  Further follow-up is needed for accurate determination of the trajectory of wellbeing in these frail older people.
The mechanisms whereby psychological wellbeing might influence risk of frailty, or indeed other aspects of health, are not fully understood 
 ADDIN REFMGR.CITE 
(Steptoe et al.  2009)
. Health behaviours such as exercise, diet and smoking may provide one potential explanation as they can be influenced by emotional state 
 ADDIN REFMGR.CITE 
(Kiecolt-Glaser et al.  2002)
. Previous analyses using the ELSA cohort have shown that higher levels of psychological wellbeing are associated with being more physically active and with a lower likelihood of smoking.  In the present paper it seemed inappropriate to adjust for physical activity level given that low physical activity is one of the frailty criteria, but when we did so (data not shown) it had very little attenuating effect on the associations. We included adjustment for smoking but this behaviour too did not account for the link between wellbeing and risk of frailty. No data were available on diet at baseline.  Another possibility is that direct psychobiological mechanisms underlie the association.  Higher levels of psychological wellbeing have been associated in cross-sectional surveys with lower concentrations of inflammatory markers and cortisol.
 ADDIN REFMGR.CITE 
(Steptoe et al.  2009)
 There is some evidence from prospective studies that higher levels of inflammatory markers or a higher ratio of cortisol to dehydroepiandrosterone sulphate may be risk factors for frailty 
 ADDIN REFMGR.CITE 
(Barzilay et al.  2007; Baylis et al.  2012; Puts et al.  2005; Reiner et al.  2009)
.  A previous paper using ELSA data reported cross-sectional associations between higher levels of psychological wellbeing and lower blood levels of the inflammatory markers, C-reactive protein and fibrinogen, and—in men only--higher blood levels of dehydroepiandrosterone sulphate at Wave 4 
 ADDIN REFMGR.CITE 
(Steptoe et al.  2012b)
. We had no information on concentrations of cortisol or dehydroepiandrosterone sulphate in our participants at the Wave 2 baseline, but adjustment for levels of the inflammatory markers, C-reactive protein and fibrinogen had no effect on our estimates for the relations between psychological wellbeing and either frailty or pre-frailty. 

The strengths of our study include the large sample size, the fact that it is representative of the community-dwelling English population aged 60 and over (Taylor et al.  2003), our use of a prospective study design in which we assessed incident cases of pre-frailty or frailty that occurred after the measurement of psychological wellbeing, and the fact that we had information on a range of potential confounding factors. There are also some weaknesses. Firstly, we were not able to assess whether psychological wellbeing assessed prior to the development of pre-frailty or frailty might promote the transition to a less frail state.  Whereas transitions to a state of greater frailty are more common than movement in the reverse direction, there is sufficient evidence of the latter to suggest that frailty is potentially reversible, at least in the less severe stage 
 ADDIN REFMGR.CITE 
(Espinoza et al.  2012; Gill et al.  2006)
. Secondly, not all the participants in the baseline survey gave a blood sample (77% of those interviewed); non-responders to the blood sample tended to be older and in poorer health.  However, in view of the fact that adjustment for concentrations of inflammatory factors in the subsample with these data had no attenuating effect on the psychological wellbeing-frailty associations, we think it unlikely that these findings would be very different if we had data on inflammatory factors for the entire study sample.  Furthermore, all analyses have been weighted to reduce any potential bias arising from differential non-response.

In this prospective study of men and women aged 60 to over 90 years, those who scored higher on a measure of psychological wellbeing that assessed perceptions of control, autonomy, self-realisation and pleasure had a lower risk of becoming physical frail during follow-up.  Future research needs to investigate the mechanisms underlying this finding. 
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Figure 1: Fully adjusted relative risk ratios for being pre-frail or frail at follow-up according to quarters of the distribution of psychological wellbeing at baseline.  People in the lowest quarter of the distribution are the reference group
Table 1:  Baseline characteristics of the study participants (n=2557) according to frailty status at follow-up

	
	Not frail

(n=1186)
	Pre-frail

(n=1058)
	Frail (n=313)
	P for difference between not frail and pre-frail
	P for difference between pre-frail and frail

	Age (yrs), mean (SD)
	67.0 (6.03)
	71.7 (7.28)
	77.0 (8.68)
	<0.0001
	<0.0001

	Female, (%)
	52.1
	55.5
	65.2
	   0.13
	0.006

	Lowest quintile of wealth, (%)
	9.24
	19.1
	35.3
	<0.0001
	<0.0001

	Current smoker, (%)
	8.82
	12.4
	12.3
	   0.042
	0.992

	No of chronic diseases, mean (SD)
	0.98 (1.09)
	1.43 (1.18)
	2.08 (1.15)
	<0.0001
	<0.0001

	Depressive symptom score ≥4, %
	4.57
	11.5
	21.2
	<0.0001
	<0.0001

	Cognitive function, mean (SD)
	30.5 (5.57)
	27.9 (5.50)
	25.1 (5.21)
	<0.0001
	<0.0001

	BMI, mean (SD)
	27.3 (4.49)
	27.7 (4.51)
	28.8 (5.31)
	0.001
	0.01

	Psychological wellbeing score, mean (SD)
	46.0 (7.63)
	42.8 (7.96)
	38.0 (7.65)
	<0.0001
	<0.0001

	  Hedonic wellbeing score, mean (SD)
	10.6 (1.67)
	10.1 (1.66)
	9.34 (1.80)
	<0.0001
	<0.0001

	  Eudaimonic wellbeing score, mean (SD)
	35.3 (6.47)
	32.7 (6.79)
	28.6 (6.22)
	<0.0001
	<0.0001

	No of frailty criteria present, mean (SD)
	0.29 (0.61)
	0.81 (0.90)
	1.79 (1.14)
	<0.0001
	<0.0001


Table 2: Relative risk ratios (95% CI) for incident pre-frailty or frailty for a standard deviation increase in psychological wellbeing scores at baseline.  

	Psychological wellbeing scores, per SD increase
	RR (95% CI), adjusted for age, sex, & baseline frailty status
	RR (95% CI), fully adjusted2

	
	Pre-frailty
	Frailty
	Pre-frailty
	Frailty

	Total score
	0.69 (0.63, 0.77)
	0.46 (0.40, 0.54)
	0.79 (0.71, 0.89)
	0.62 (0.52, 0.74)

	Hedonic wellbeing
	0.75 (0.68, 0.83)
	0.58 (0.50, 0.67)
	0.83 (0.74, 0.92)
	0.70 (0.59, 0.82)

	Eudaimonic wellbeing
	0.70 (0.63, 0.78)
	0.47 (0.40, 0.55)
	0.76 (0.72, 0.90)
	0.64 (0.53, 0.76)


1adjusted for age, sex, household wealth, depressive symptoms, cognitive function, body mass index, smoking, number of chronic physical diseases and whether frail, pre-frail or non-frail at baseline.  
1

