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Abstract
A growing evidence base links individual lifestyle factors to physical performance in older age, but much less is known about 
their combined effects, or the impact of lifestyle change. In a group of 937 participants from the MRC National Survey of 
Health and Development, we examined their number of lifestyle risk factors at 53 and 60–64 years in relation to their physical 
performance at 60–64, and the change in number of risk factors between these ages in relation to change in physical perfor-
mance. At both assessments, information about lifestyle (physical activity, smoking, diet) was obtained via self-reports and 
height and weight were measured. Each participant’s number of lifestyle risk factors out of: obesity (body mass index ≥ 30 kg/
m2); inactivity (no leisure time physical activity over previous month); current smoking; poor diet (diet quality score in 
bottom quarter of distribution) was determined at both ages. Physical performance: measured grip strength, chair rise and 
standing balance times at both ages and conditional change (independent of baseline) in physical performance outcomes from 
53 to 60–64 were assessed. There were some changes in the pattern of lifestyle risk factors between assessments: 227 (24%) 
participants had fewer risk factors by age 60–64; 249 (27%) had more. Reductions in risk factors were associated with better 
physical performance at 60–64 and smaller declines over time (all p < 0.05); these associations were robust to adjustment. 
Strategies to support reduction in number of lifestyle risk factors around typical retirement age may have beneficial effects 
on physical performance in early older age.
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Introduction

Global increases in life expectancy, and the associated 
growth of older populations, have focussed international 
attention on strategies to promote health in later life 

(England and Azzopardi-Muscat 2017). There is particu-
lar interest in the role of lifestyle: factors such as diet and 
physical activity have been identified as key determinants 
of population health (McGinnis et al. 2002; Newton et al. 
2015) and are thought to make an important contribution to 
observed heterogeneity in the ageing process (Lowsky et al. 
2014). While the impact of poor lifestyle behaviours on the 
health of older adults may have received less attention than 
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effects in younger groups (Rizzuto and Fratiglioni 2014) 
there is evidence to suggest that intervention to change 
these modifiable behaviours in later life could be an effec-
tive approach to promote health in older age (Rizzuto and 
Fratiglioni 2014).

Central to healthy ageing, and an ability to maintain inde-
pendence in older age, is the preservation of an individual’s 
physical capability, with simple assessments of physical 
performance, including measures of muscle strength and 
function, shown to act as biomarkers of ageing (Cooper 
et al. 2010). There is increasing evidence of links between 
individual lifestyle ‘risk factors’ (such as obesity, physical 
inactivity, smoking, and poor diet) and poorer physical per-
formance (Cooper et al. 2011; Dodds et al. 2013; Robin-
son et al. 2018; Stenholm et al. 2012). Importantly, health 
behaviours often cluster in individuals (Buck and Frosini 
2012; Poortinga 2007) and graded increases in risk of poor 
performance are seen as the number of lifestyle risk fac-
tors increases. Described, both in cross-sectional (Robinson 
et al. 2013) and longitudinal (Cooper et al. 2016; Sabia et al. 
2012) data from older populations, and linked to substantial 
differences in physical performance, these findings point 
both to an opportunity to use lifestyle change to protect the 
physical capability and health of older adults, but also to 
the need for further exploration to understand this potential.

Although the challenges of changing lifestyle are widely 
recognised, there may be particular opportunities to inter-
vene in the period around retirement from work. Whilst the 
impact of retirement on individuals’ health behaviours may 
vary, with differences reported according to background 
characteristics including previous occupation, gender and 
other health behaviours (Baxter et al. 2016; Myllyntausta 
et al. 2017; Pulakka et al. 2019; Ali-Kovero et al 2020), it 
is recognised as a transition point in the lifecourse—with 
the pre-retirement period highlighted as a possible time 
for preventive actions (Zantinge et al. 2014). To examine 
lifestyle changes occurring in the period around typical 
retirement age, we analysed data from a longitudinal cohort 
study in which adults were characterised at the ages of 53 
and 60–64 years. Our primary focus was on lifestyle change 
between these ages, with the hypothesis that reduction in 
lifestyle risk factors would be associated with better physical 
performance (grip strength, chair rise and standing balance) 
in early older age.

Methods

Study sample

The MRC National Survey of Health and Development 
(NSHD) is a longitudinal study based on a socially strati-
fied sample of 5362 births occurring in one week in March 

1946 across England, Wales and Scotland (Kuh et al. 2011). 
Data used in the present analyses (2019–2020) are from 
the follow-ups carried out in 1999 and 2006–2010. By the 
2006–2010 follow-up, 718 participants had died, 594 had 
withdrawn from the study, 567 had emigrated and 320 were 
lost to follow-up. Of those remaining, 2229 (78% of those 
invited) were assessed: 1690 (76%) at clinic and 539 (24%) 
at home (Hurst et al. 2013; Kuh et al. 2011).

Characterisation of lifestyle at 53 and 60–64 years

Detailed information on health and lifestyle was collected, 
and anthropometric measurements were made (Kuh et al. 
2011).

 (i) Anthropometry: Height and weight were measured 
using standard protocols by trained nurses and used 
to derive body mass index (BMI; kg/m2).

 (ii) Leisure time physical activity: Participants were 
asked to report how often they had participated in 
any sports, vigorous leisure activities or exercise in 
their spare time in the previous month. Responses 
were categorized as follows: inactive (no partici-
pation); moderately active (participated in relevant 
activities 1–4 times per month); and active (partici-
pated in relevant activities 5 or more times per month 
(Dodds et al. 2013)).

 (iii) Smoking status (never/ex/current) was categorized 
into current smokers and ex/never smokers.

 (iv) Diet quality: Participants completed 5-day food dia-
ries at both ages (Pot et al. 2015). Principal compo-
nent analysis was used to identify dietary patterns, as 
reported previously (Robinson et al. 2018). The first 
component described a ‘healthier’ profile of foods, 
characterized by greater consumption of fruit, veg-
etables and wholegrain cereals. Participants’ scores 
for this pattern, indicating their compliance with it, 
were interpreted as measures of their diet ‘quality’.

The number of lifestyle ‘risk factors’ was determined 
for each participant at 53 and 60–64 out of: obesity 
(BMI ≥ 30  kg/m2); inactivity (no leisure time physical 
activity over the previous month); smoking (current); poor 
diet (diet quality score in bottom quarter of the distribution 
defined at 60–64). The total number of lifestyle risk factors 
ranged between 0 and 4 at each age; the change in number 
for each participant was determined by subtracting the num-
ber at 53 from the number at 60–64: positive scores indi-
cated a less healthy lifestyle by age 60–64; negative scores 
indicated a more healthy lifestyle.

History of diabetes and cardiovascular disease was deter-
mined from self-reports of diabetes and doctor-diagnosed 
angina and myocardial infarction up to and including age 
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60–64. Participants reported whether they were in paid work 
at each age, including self-employment.

Physical performance outcomes

At both ages, physical performance was assessed by trained 
nurses following standardised protocols. Grip strength was 
measured twice in each hand at 53 and three times in each 
hand at 60–64 using a Nottingham electronic handgrip 
dynamometer. The highest value at 53 and the highest of 
the first four values at 60–64 were used as in a previous 
analysis (Cooper et al. 2016). The time taken to perform 
10 chair rises (rise from a sitting to a standing position and 
sit back down again) was recorded and used to derive chair 
rise speed as the number of repetitions per minute. Standing 
balance time was measured as the length of time a partici-
pant could stand on one leg with their eyes closed, up to a 
maximum of 30 s.

Statistical analysis

Data were described using means and standard deviations, 
medians and interquartile ranges and frequency and percent-
age distributions. We limited our analyses to include par-
ticipants for whom there were complete data on all lifestyle 
risk factors. Of the 2229 participants assessed at age 60–64, 
1292 were excluded from the analyses as their data on diet 
(n = 914), other lifestyle factors, physical performance out-
comes or potential confounders (n = 378) were incomplete 
(shown in Supplementary Fig. 1). The study population for 
the present analyses included 937 participants.

Standing balance time was positively skewed and was 
therefore log-transformed after adding one. Sex-specific 
standard deviation scores were coded for the physical per-
formance outcomes to enable comparison of effect sizes. 
Linear regression was used to examine the cross-sectional 
associations between the presence versus absence of each 
lifestyle risk factor (obesity, inactivity, smoking, poor diet), 
and the total number of risk factors at age 60–64, and physi-
cal performance outcomes; associations were also examined 
with risk factors assessed at age 53. As some lifestyle risk 
factors differed between men and women (Cooper et al. 
2016; Robinson et al. 2018) potential sex-lifestyle interac-
tions were examined.

Conditional change in grip strength, chair rise speed and 
standing balance time from age 53 to 60–64 was character-
ised by residuals obtained after estimating sex-specific linear 
regression models for each physical performance measure at 
age 60–64 on the same measure at age 53, with adjustment 
for individual follow-up duration; these change measures are 
independent of baseline level (Twisk 2003). Linear regres-
sion was used to examine change in number of lifestyle risk 
factors between ages 53 and 60–64 in relation to levels of 

these outcomes at age 60–64 and to conditional changes in 
grip strength, chair rise speed and standing balance time 
from age 53 to 60–64. Models evaluating change in number 
of risk factors were adjusted for sex and the number of risk 
factors at age 53; fully adjusted models also accounted for 
age, follow-up time, height, diabetes and cardiovascular dis-
ease history (all ascertained at age 60–64) (Robinson et al. 
2018). Analyses were conducted using Stata, release 15.

Results

The characteristics of the participants studied are presented 
in Table 1. Compared to the participants who were followed 
up at age 60–64, but who were not included in the analyses, 
they had a lower prevalence of obesity, inactivity, current 
smoking and poor diet quality (all p < 0.004, Supplemen-
tary Table 1). Their mean standing balance time was greater 
(men and women, p < 0.01) and grip strength was higher 
(men, p = 0.009); chair rise speed did not differ (p > 0.1).

The mean (SD) time between assessments was 9.9 (1.1) 
years. Over this period, the working status of many par-
ticipants changed; more than 80% were in paid employ-
ment at age 53, falling to 67% of men and 43% of women at 
60–64 years. Between assessments there were some changes 
in the pattern of lifestyle risk factors, with increases in the 
numbers of participants categorised as obese or inactive, 
alongside a fall in the prevalence of smoking, and relatively 
fewer participants categorised as having poor diets by age 
60–64, such that the median number of lifestyle risk fac-
tors for the group did not change (Table 1). Figure 1 shows 
the distribution of changes in the number of lifestyle risk 
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Fig. 1  Change in number of lifestyle risk factors between age 53 and 
60–64  years. Change in the number of lifestyle risk factors out of: 
obesity (BMI ≥ 30 kg/m2); inactivity (no leisure time physical activ-
ity over the previous month); current smoking; poor diet (diet qual-
ity score in bottom quarter of distribution defined at 60–64)
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factors between age 53 and 60–64. Almost half (n = 461, 
49%) had the same number of risk factors at both assess-
ments; 227 (24%) participants had fewer by age 60–64, whilst 
249 (27%) had more. The pattern was similar for men and 
women (Fig. 1). For the participants who had the same num-
ber of lifestyle risk factors at both assessments, the majority 
(n = 362, 79%), amounting to 39% of the whole group, had 
identical profiles of risk factors at both ages (data not shown).

Data on measured physical performance are shown in 
Table 1. As described previously in this cohort (Cooper 
et al. 2016), mean physical performance levels declined over 
the 10-year period–with reductions in mean grip strength, 
chair rise speed and standing balance times seen both in 
men and women. The associations between each of the four 
lifestyle risk factors assessed at the ages of 53 and 60–64, 
and the three measures of physical performance at 60–64, 
are presented in Table 2. There was little evidence of interac-
tions between lifestyle risk factors and sex (data not shown); 
men and women were therefore pooled for all subsequent 

analyses. In the cross-sectional analyses, with the excep-
tion of smoking (chair rise speed, standing balance time) 
and obesity (grip strength), the presence of each lifestyle 
risk factor was associated with poorer physical performance 
at age 60–64. There were similar patterns of associations 
with the individual lifestyle factors that were assessed at 
age 53, although this was less consistent. However, a greater 
number of lifestyle risk factors assessed at both ages was 
associated with poorer physical performance at 60–64; these 
associations were consistent for all outcomes, and robust 
to adjustment for age, height and cardio-metabolic health 
indicators. Further detail on the changes in profiles of indi-
vidual lifestyle risk factors between 53 and 60–64 is given 
in Supplementary Table 2; associations with the physical 
performance outcomes at age 60–64 are shown for partici-
pants who are categorised according to the presence of each 
risk factor: at neither age, at age 53, at age 60–64 or at both 
age 53 and 60–64. The most consistent pattern of associa-
tions was observed when lifestyle risk factors were present at 

Table 1  Characteristics of 
participants in the MRC 
National Survey of Health and 
Development at ages 53 and 
60–64 years

a Mean (standard deviation); b[N(%)]; cBMI ≥ 30 kg/m2; dNo leisure time physical activity over the previous 
month; eDiet score in bottom quarter of the distribution defined at 60–64; fNumber of risk factors out of 
obesity, inactivity, current smoking and poor diet; gMedian (interquartile range); MI: Myocardial infarc-
tion. Sample restricted to those with complete data on lifestyle risk factors, physical performance outcomes 
and potential confounders. Differences between age 53 and 60–64 were statistically significant (p < 0.001) 
for all participant characteristics, both among men and women

Men (n = 431)  Women (n=506)
53 years 60–64 years 53 years 60–64 years

Age at clinic visit (years)a 53.4 (0.2) 63.3 (1.1) 53.4 (0.2) 63.3 (1.1)
Weight (kg)a 82.4 (12.0) 83.8 (12.6) 69.0 (12.8) 70.6 (13.0)
BMI (kg/m2)a 26.8 (3.5) 27.3 (3.9) 26.2 (4.7) 27.0 (4.8)
Currently in paid 

 employmentb
382 (88.6%) 288 (66.8%) 408 (80.6%) 214 (42.5%)

Ever had  diabetesb 23 (5.3%) 22 (4.3%)
Ever had angina/MIb 26 (6.0%) 15 (3.0%)
Lifestyle risk factorsb

Obesityc 68 (15.8%) 98 (22.7%) 85 (16.8%) 115 (22.7%)
Inactivityd 168 (39.0%) 258 (59.9%) 204 (40.3%) 290 (57.3%)
Current smoker 55 (12.8%) 28 (6.5%) 76 (15.0%) 39 (7.7%)
Poor  diete 243 (56.4%) 143 (33.2%) 157 (31.0%) 92 (18.2%)
Risk factor  categoriesf

 0 119 (27.6%) 99 (23.0%) 184 (36.4%) 160 (31.6%)
 1 141 (32.7%) 177 (41.1%) 173 (34.2%) 199 (39.3%)
 2 124 (28.8%) 117 (27.1%) 103 (20.4%) 109 (21.5%)
 3 43 (10.0%) 36 (8.4%) 41 (8.1%) 33 (6.5%)
 4 4 (0.9%) 2 (0.5%) 5 (1.0%) 5 (1.0%)

Total number of risk  factorsg 1.0 (0.0,2.0) 1.0 (1.0,2.0) 1.0 (0.0,2.0) 1.0 (0.0,2.0)
Measures of physical performance
Grip strength (kg)a 48.2 (12.2) 45.7 (11.7) 28.6 (7.1) 26.4 (7.3)
Chair rise speed (stands/

min)a
32.3 (10.3) 26.7 (7.1) 31.4 (9.3) 25.9 (7.4)

Standing balance time (secs)g 6.0 (3.0,11.0) 3.9 (2.6,5.7) 5.0 (3.0,8.0) 3.5 (2.5,5.3)
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both ages; for example, being inactive and having a poor diet 
both at 53 and at 60–64 were associated with all outcomes: 
poorer grip strength, chair rise speed and standing balance 
time (Supplementary Table 2).

The principal aim of the analyses was to examine the 
impact of changes in lifestyle from age 53 to 60–64 on physi-
cal performance. This was assessed firstly by examining dif-
ferences in the outcomes at 60–64, and secondly, by evaluat-
ing the change in the measures of physical performance over 
the 10-year period, conditional on these measures at base-
line (age 53). The associations between change in the total 
number of risk factors and both the levels and conditional 
changes in physical performance outcomes are presented 

in Table 3. In both cases, reductions in the number of life-
style risk factors from age 53 to 60–64 were related to better 
physical performance—evidenced both as better measured 
physical performance at age 60–64 and by smaller declines 
in these measures over the 10-year period; these associations 
were robust to adjustment (p < 0.05 for all associations). 
For example, a lifestyle change between 53 and 60–64 that 
reduced the total number of risk factors by one, was associ-
ated with a 0.11 (95% CI: 0.03,0.20) SD increase in grip 
strength level at age 60–64 (equivalent to a difference of 1.3 
(0.4, 2.3) kg in men and 0.8 (0.2, 1.5) kg in women) and a 
0.13 (0.04,0.21) SD reduction in grip strength decline from 
age 53 to 60–64 (fully-adjusted analyses); corresponding 

Table 2  SD difference in physical performance measures at age 60–64 years for the presence vs absence of each lifestyle risk factor, and per unit 
increase in the total number, at age 53 and 60–64 years

a Additionally adjusted for age, height, diabetes and cardiovascular disease history (all ascertained at 60–64 years), models for risk factors at age 
53 were also adjusted for follow-up time; bBMI ≥ 30 kg/m2; cno leisure time physical activity over the previous month; ddiet score in bottom 
quarter of the distribution defined at 60–64; etotal number of lifestyle risk factors

Outcome Age (years) Risk factor Sex-adjusted Fully-adjusteda

Estimate (95% CI) P-value Estimate (95% CI) P-value

Grip strength 53 Obesityb − 0.09 (− 0.26,0.08) 0.304 0.00 (− 0.17,0.17) 0.978
Inactivityc − 0.30 (− 0.43,− 0.17)  < 0.001 − 0.25 (− 0.38,− 0.13)  < 0.001
Current smoker − 0.12 (− 0.30,0.07) 0.207 − 0.05 (− 0.23,0.12) 0.549
Poor  dietd − 0.22 (− 0.36,− 0.09) 0.001 − 0.13 (− 0.26,0.00) 0.051
Total (0–4)e − 0.15 (− 0.22,− 0.09)  < 0.001 − 0.10 (− 0.16,− 0.04) 0.002

60–64 Obesityb − 0.16 (− 0.31,− 0.00) 0.046 − 0.05 (− 0.20,0.10) 0.497
Inactivityc − 0.24 (− 0.37,− 0.11)  < 0.001 − 0.20 (− 0.33,− 0.08) 0.002
Current smoker − 0.49 (− 0.74,− 0.25)  < 0.001 − 0.42 (− 0.66,− 0.18) 0.001
Poor  dietd − 0.25 (− 0.39,− 0.10) 0.001 − 0.17 (− 0.31,− 0.02) 0.022
Total (0–4)e − 0.19 (− 0.26,− 0.12)  < 0.001 − 0.14 (− 0.21,− 0.07)  < 0.001

Chair rise speed 53 Obesityb − 0.31 (− 0.48,− 0.14)  < 0.001 − 0.29 (− 0.47,− 0.11) 0.001
Inactivityc − 0.33 (− 0.46,− 0.20)  < 0.001 − 0.34 (− 0.47,− 0.21)  < 0.001
Current smoker − 0.22 (− 0.41,− 0.04) 0.019 − 0.24 (− 0.42,− 0.05) 0.012
Poor  dietd − 0.25 (− 0.38,− 0.11)  < 0.001 − 0.25 (− 0.39,− 0.12)  < 0.001
Total (0–4)e − 0.21 (− 0.27,− 0.14)  < 0.001 − 0.22 (− 0.28,− 0.15)  < 0.001

60–64 Obesityb − 0.33 (− 0.48,− 0.17)  < 0.001 − 0.33 (− 0.48,− 0.18)  < 0.001
Inactivityc − 0.31 (− 0.44,− 0.18)  < 0.001 − 0.31 (− 0.44,− 0.18)  < 0.001
Current smoker − 0.21 (− 0.46,0.04) 0.100 − 0.24 (− 0.48,0.01) 0.062
Poor  dietd − 0.24 (− 0.39,− 0.09) 0.002 − 0.24 (− 0.39,− 0.09) 0.002
Total (0–4)e − 0.22 (− 0.29,− 0.16)  < 0.001 − 0.23 (− 0.30,− 0.16)  < 0.001

Standing balance time 53 Obesityb − 0.40 (− 0.57,− 0.23)  < 0.001 − 0.45 (− 0.63,− 0.28)  < 0.001
Inactivityc − 0.06 (− 0.19,0.07) 0.370 − 0.08 (− 0.21,0.05) 0.220
Current smoker − 0.05 (− 0.24,0.13) 0.591 − 0.06 (− 0.24,0.13) 0.553
Poor  dietd − 0.24 (− 0.37,− 0.11)  < 0.001 − 0.26 (− 0.40,− 0.13)  < 0.001
Total (0–4)e − 0.13 (− 0.20,− 0.07)  < 0.001 − 0.15 (− 0.22,− 0.09)  < 0.001

60–64 Obesityb − 0.38 (− 0.53,− 0.22)  < 0.001 − 0.38 (− 0.53,− 0.23)  < 0.001
Inactivityc − 0.29 (− 0.42,− 0.16)  < 0.001 − 0.27 (− 0.39,− 0.14)  < 0.001
Current smoker − 0.02 (− 0.27,0.23) 0.884 − 0.02 (− 0.27,0.22) 0.848
Poor  dietd − 0.27 (− 0.42,− 0.12)  < 0.001 − 0.29 (− 0.43,− 0.14)  < 0.001
Total (0–4)e − 0.22 (− 0.29,− 0.15)  < 0.001 − 0.22 (− 0.29,− 0.15)  < 0.001
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effect sizes for chair rise speed were 0.14 (0.06,0.23) (equiv-
alent to 1.0 (0.4, 1.6) stands/minute in men and 1.0 (0.4, 
1.7) stands /minute in women) and a 0.15 (0.07,0.24) SD 
reduction in chair rise speed decline.

Discussion

Using data from a longitudinal study, in which participants 
were characterized in detail at the ages of 53 and 60–64, we 
examined differences in their total number of lifestyle risk 
factors (out of obesity, inactivity, smoking, poor diet) in rela-
tion to measures of physical performance in early older age. 
Having a greater number of lifestyle risk factors at either 
age was associated with poorer performance in all three 
measures (grip strength, chair rise speed, standing balance 
time) at age 60–64; these associations were robust to adjust-
ment for covariates that included age, height and indicators 
of cardio-metabolic health. However, the primary focus of 
our study was on changes in the participants’ lifestyles that 
impacted on their number of risk factors, and insights these 
changes might provide for opportunities to promote health in 
the period around typical retirement age. There were two key 
findings: firstly that changes in the participants’ number and/
or profile of risk factors over the period from age 53 were 
common (61% had different profiles at age 53 and 60–64), 
and secondly that lifestyle change to reduce the number of 
risk factors over this time was associated with better physi-
cal performance at age 60–64. This was a consistent find-
ing for all outcome measures, and robust to adjustment for 
covariates.

In recent years, evidence of links between lifestyle and 
physical performance has grown. But, as health behav-
iours are known to cluster (Poortinga 2007) a clearer 

understanding of their combined effects is needed. This 
approach has been used to evaluate effects of lifestyle on 
a range of health outcomes, including mortality, cardio-
vascular disease and cancer (Barbaresko et al. 2018; Liao 
et al. 2018; Zhang et al. 2020) but in comparison, less atten-
tion has been given to physical performance. The studies 
published to date have mainly included older populations 
(Koster et al. 2007; Liao et al. 2011; Robinson et al. 2013; 
Visser et  al. 2019) which limits comparisons with our 
findings. However, there are two studies that are very rel-
evant, from an earlier analysis of data from the same cohort 
(Cooper et al. 2016) and a longitudinal study of women 
that started in mid-life (Sternfeld et al. 2017). In the first 
of these studies, changes in grip strength and chair rise 
speed between 53 and 60–64 were examined in relation to 
a risk factor count (out of obesity, inactivity and smoking); 
a greater count at age 53 was associated with poorer meas-
ures of these outcomes and with an increased risk of decline 
with age. The present analyses add to these findings by con-
sidering poor diet as a further risk factor (Robinson et al. 
2018), including a third measure of physical performance 
(standing balance) and evaluating the impact of changes in 
these lifestyle risk factors over time. The associations with 
standing balance are consistent with the earlier findings for 
other outcomes (Cooper et al. 2016) showing improved per-
formance among participants who had fewer lifestyle risk 
factors. However, the present study showed for the first time, 
that the participants who had changed their lifestyles, to have 
fewer risk factors by age 60–64, had better physical perfor-
mance. This was also evident in conditional models that took 
account of baseline measures, suggesting lifestyle change to 
reduce risk factors has protective benefits, slowing declines 
in physical performance over time.

Table 3  SD difference in 
physical performance outcome 
per unit decrease in the total 
number of lifestyle risk factors 
from age 53 to 60–64  yearsa

a The total number of lifestyle risk factors out of: obesity (BMI ≥ 30  kg/m2); inactivity (no leisure time 
physical activity over the previous month); current smoking; poor diet (diet quality  score in the bottom 
quarter of the distribution defined at age 60–64). A positive regression coefficient for conditional change 
reflects reduced decline over time (independent of level at age 53) and a negative coefficient reflects greater 
decline
Model 1: Adjusted for sex and the number of risk factors at age 53 years
Model 2: Additionally adjusted for age, follow-up time, height, diabetes and cardiovascular disease history 
(ascertained at 60–64 years)

Outcome Model Level of outcome at age 60–64 Conditional change in outcome 
from age 53 to 60–64

Estimate (95% CI) P-value Estimate (95% CI) P-value

Grip strength 1 0.14 (0.06,0.23) 0.001 0.14 (0.05,0.22) 0.001
2 0.11 (0.03,0.20) 0.006 0.13 (0.04,0.21) 0.003

Chair rise speed 1 0.14 (0.06,0.22) 0.001 0.15 (0.07,0.24)  < 0.001
2 0.14 (0.06,0.23) 0.001 0.15 (0.07,0.24)  < 0.001

Standing balance time 1 0.21 (0.12,0.29)  < 0.001 0.16 (0.08,0.25)  < 0.001
2 0.19 (0.11,0.28)  < 0.001 0.18 (0.09,0.26)  < 0.001
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In the second study, Sternfeld and colleagues described 
differences in measured physical performance of 1769 
women in the SWAN study, aged 56–68 years, in association 
with an averaged healthy lifestyle score, based on physical 
activity, smoking, and diet in the period from baseline (ages 
42–52). The age group was therefore comparable to the pre-
sent study, and findings for some of the performance meas-
ures in relation to lifestyle were consistent (positive effects 
on walking speed, chair rise speed). However, there are dif-
ferences in findings between the studies. In our analyses, the 
number of lifestyle factors was related to all physical per-
formance measures, before and after adjustment for covari-
ates; in contrast, in the SWAN study there were no associa-
tions with grip strength or with standing balance tests in the 
adjusted models (Sternfeld et al. 2017). These differences 
may be explained by differences in the covariates included 
in the models, but additionally, may be due to inclusion of 
obesity in the risk factor count in our study, whereas this was 
used to stratify analyses in the SWAN study.

To our knowledge, no other studies have evaluated the 
impact of combined changes in lifestyle risk factors on phys-
ical performance in early older age. We found that changes 
in lifestyle between age 53 and 60–64 years were common: 
obesity and inactivity were more prevalent at follow-up, 
although these increases were balanced by other positive 
changes (reduction in smoking, fewer participants with low 
quality diets). The change in diet was expected, as we have 
previously described increases in diet quality across adult-
hood in this cohort (Robinson et al. 2018), and the observed 
difference in other lifestyle risk factors are in line with data 
from the wider population that indicate comparable age-
related differences and secular trends across the period 
between 1999 and 2010 (NatCen Social Research 2014) 
around the time the participants were assessed. Our findings 
should therefore have wider relevance beyond this cohort. In 
population studies, grip strength and chair rise speed have 
been shown to be predictive of poorer health outcomes, even 
when measured in middle aged adults (Cooper et al. 2010; 
Dodds et al. 2018). The observed differences in these out-
comes in relation to a change in the number of risk factors 
between 53 and 60–64, although modest, should therefore 
have clinical relevance. For example meta-analysis of grip 
strength data has shown a 1 kg difference at baseline to pre-
dict lower mortality over follow-up (Cooper et al. 2010; Rijk 
et al 2016); the difference in grip strength associated with a 
change in one risk factor in our analyses was 1.3 (0.4, 2.3) 
kg in men and 0.8 (0.2, 1.5) kg in women.

Our primary aim was to examine the potential effects of 
lifestyle change on physical performance, examining changes 
in lifestyle risk factors in a group of men and women in the 
period around typical retirement age. Although there were 
significant changes in the proportion of participants who 
were in employment, from more than 80% (men and women) 

at age 53 to 67% (men) and 43% (women) at 60–64 years, 
which are likely to have impacted on the changes in lifestyle 
that we observed, our analyses did not address the effects 
of retiring from work directly. A number of studies have 
described changes in lifestyle following retirement although 
overall messages regarding the nature of these changes are 
mixed, depending in part on preceding occupation and rea-
sons for retirement as well as other personal characteris-
tics, such as gender (Baxter et al. 2016; Myllyntausta et al. 
2017; Pulakka et al. 2019; Ali-Kovero et al 2020). Whilst 
this study does not address retirement effects, it does pro-
vide encouraging evidence that lifestyle change is possible 
around this age, pointing both to the potential for health ben-
efits of positive changes in health behaviours and to oppor-
tunity for intervention to support healthier lifestyles in early 
older age. This potential is further highlighted by the finding 
that the most consistent pattern of associations with poorer 
physical performance was seen among participants who had 
not changed lifestyle, and who had risk factors at both ages.

Strengths of our study include the detailed lifestyle data 
collected prospectively from the study participants, and the 
availability of repeat data on physical performance that was 
assessed by trained research nurses using standardized pro-
tocols (Kuh et al. 2011). However, it is a weakness that our 
analyses were limited to a subsample of the cohort for whom 
there were complete data. Participants in this group had 
fewer lifestyle risk factors and better physical performance 
when compared to others who were excluded, although 
as our analyses were based on internal comparisons, bias 
should only be introduced if the associations reported dif-
fered systematically among those who were and were not 
included. Importantly, by focussing only on participants who 
had paired assessments of lifestyle and physical performance 
at ages of 53 and 60–64, we were able to evaluate the effects 
of lifestyle change. Additionally, using a residual change 
method we could examine changes in physical performance 
that were independent of baseline levels and free from the 
effect of regression to the mean, although as we did not have 
information on the determinants of lifestyle change, we can-
not exclude the possibility that reverse causation or residual 
confounding could have contributed to the associations 
observed. In particular, participants’ explanations for a lack 
of change in their activity levels and/or changes in obesity 
status between 53 and 60–64 years would be of relevance. 
A further limitation was the use of dichotomous variables 
for each lifestyle risk factor that were summed to form a risk 
factor score. We took this approach to provide a simple sum-
mary of lifestyle behaviours, but it meant that more detailed 
information on the continuous measures available (BMI and 
diet quality) was not utilised.
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Conclusion

Our findings suggest that reducing the number of lifestyle 
risk factors in the period around typical retirement age has 
beneficial effects, such that lifestyle change may have sig-
nificant potential as a way to improve physical performance 
in early older age. Although evidence of adherence to health 
recommendations among retired adults is mixed (King and 
Xiang 2017) there may be particular opportunities at retire-
ment transition when lifestyle interventions would be effec-
tive (Lara et al. 2014; O’Brien et al. 2015). Our observa-
tional findings need confirmation in other studies, but could 
have important public health implications.
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