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Abstract: 58 

Introduction – Although stroke is an emerging cause of disability and mortality globally, 59 

associations between physical capability markers and mortality in stroke survivors are less 60 

well known. This study investigated the individual and combined associations of walking 61 

pace and grip strength with all-cause and stroke mortality in stroke survivors. 62 

Methods – Individual and combined associations of walking pace and grip strength with 63 

stroke deaths and all-cause mortality were investigated using Cox proportional-hazard models 64 

adjusted for sociodemographic, lifestyle and health-related variables.  65 

Results – 7,486 stroke survivors from the UK Biobank study (aged 40 to 70 years; 42.4% 66 

women) were included in this prospective study. Over a median follow-up of 12.6 (IQR: 67 

11.9-13.3) years, 1,490 (19.9%) participants died, of whom 222 (3.0%) died from stroke. 68 

After adjusting for confounding factors, and compared to individuals in the average/brisk 69 

walking pace category, those who reported a slow walking pace had 2.00 (95% CI: 1.50 to 70 

2.68) and 1.99 (95% CI: 1.78 to 2.23) times higher risk of stroke mortality and all-cause 71 

mortality, respectively. Similar associations were identified for participants with low grip 72 

strength than those with normal levels. For combined associations, those with both slow 73 

walking pace and low grip strength showed the highest risk of stroke mortality (hazard ratio: 74 

2.86 [95% CI: 1.93; 4.22]). Similar results were found for all-cause mortality.  75 

Conclusions- Low grip strength and slow walking pace were associated with a higher risk of 76 

stroke and all-cause mortality in stroke survivors. If these associations are causal, improving 77 

physical capability among stroke survivors might potentially prolong survival. 78 

Keywords: stroke, grip strength, walking speed, survival, mortality.   79 

Abbreviations: Hazard Ratio (HR), Body Mass Index (BMI), Standard Deviation (SD), 80 

Metabolic Equivalent (MET). 81 
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Introduction 82 

Stroke, also known as cerebrovascular accidents, is a group of medical conditions defined by 83 

neurologic abnormalities induced by a disruption in cerebral blood flow.1 Stroke is the second 84 

main cause of mortality and the third main cause of disability globally.2 In the UK, nearly 85 

130,000 people have a stroke or transient ischaemic attacks each year, over 300,000 people 86 

are disabled due to a stroke,3 and about 1 million stroke survivors live in the country.4 These 87 

figures will probably rise since 88 

 people are living longer.4 Stroke also has considerable economic and societal effects in the 89 

UK, with an annual societal cost of £26 billion5 – a large number taking into account that in 90 

2005 the costs were estimated at £9 billion.5 Therefore, implementing preventative strategies 91 

would benefit both governments and individuals by reducing health and social care costs. 92 

Among the known risk factors associated with stroke, studies have identified both non-93 

modifiable (age, sex, ethnicity, and genetic) and modifiable factors (obesity, poor dietary 94 

habits, smoking, alcohol consumption, prevalent chronic diseases and low physical activity 95 

levels).6-9 Physical capability – represented by walking pace and muscle strength – is also a 96 

significant predictor of stroke mortality.10-12 However, even if the literature has been 97 

extensive regarding the association between these markers and stroke incidence in the general 98 

population,10-12 long-term evidence in stroke survivors comes from clinical trials in a few 99 

survivors participants (usually <50)13-17 rather than large prospective studies.18 Moreover, 100 

people who have had a stroke have a higher risk of recurrent stroke and a higher mortality 101 

rate due to stroke or any causes.19,20 According to a five-year prospective study, individuals 102 

who survived a stroke, have a nine-times higher risk of recurrent stroke than those with no 103 

history of stroke.21  104 



6 
 

In this context, while the association of low grip strength and/or slow walking pace with 105 

cardiovascular and all-cause mortality in the general population is well established,22,23 data 106 

on the association between these factors and health outcomes in stroke survivors is less well 107 

known. Therefore, this study aimed to investigate the individual and combined association of 108 

grip strength and walking pace with stroke and all-cause mortality in stroke survivors from 109 

the UK Biobank prospective cohort study.  110 

Method 111 

This is a prospective cohort study using data from UK Biobank. UK Biobank is an open-112 

access and large-scale general population cohort study containing in-depth health 113 

information. Between 2006 and 2010, over 500,000 individuals (5.5% response rate) aged 37 114 

to 72 years were examined in 22 test sites across the UK, including England, Wales, and 115 

Scotland, from diverse socioeconomic and ethnic backgrounds.24,25 All participants 116 

completed a touchscreen questionnaire, had physical measurements taken, and provided 117 

blood, urine, and saliva samples at baseline. Data from UK Biobank can be accessed by 118 

submitting an application to UK Biobank directly (http://www.ukbiobank.ac.uk/). More 119 

information about UK Biobank is available elsewhere.24,25 For this study, only participants 120 

who self-reported at baseline assessment having a stroke were included (Figure 1).  121 

Ethical considerations 122 

All participants provided written informed consent to UK Biobank investigators. UK Biobank 123 

was approved by The National Health Service (NHS) (Ref: 11/NW/0382). This study was 124 

carried out under application number 7155. 125 

Outcome 126 

The outcomes in this study were mortality due to stroke and all-cause of death. Using the 127 

International Classification of Disease 10th version (ICD, 10th), mortality due to stroke was 128 

http://www.ukbiobank.ac.uk/
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defined as codes I60, I61, I63, and I64, while all-cause mortality was identified as the 129 

mortality for any cause. Death certificates from the NHS, Information Centre (England and 130 

Wales), and the NHS Central Register Scotland were used to determine the date of death. 131 

Details of the linkage can be found at http://content.digital.nhs.uk/services. Data on mortality 132 

was accessible until October 2021. As a result, mortality follow-up was censored on this date 133 

or the date recorded for death.   134 

Exposures 135 

Walking pace and grip strength were included as the main exposures. A touchscreen 136 

questionnaire was used to record self-reported walking pace at the baseline visit as a proxy of 137 

gait speed. Self-reported walking pace has been previously identified as a good marker of 138 

walking speed and a strong predictor of health outcomes.26,27 Participants were asked, 'How 139 

do you define your regular walking pace?' They selected three options: slow (<3 mph), 140 

average (3 to 4 mph), or brisk (>4 mph). The latter two categories were collapsed to provide a 141 

dichotomous variable average/brisk or slow walking pace, with the former treated as the 142 

reference group. 143 

A Jamar J00105 hydraulic hand dynamometer was used to determine grip strength in 144 

kilogrammes. The dynamometer measures grip force isometrically and can be adjusted for 145 

hand size in five half-inch increments. Isometric grip force was assessed from a single 3-146 

second maximal grip effort, in the right and left arms, with the participant seated upright with 147 

their elbow by their side and flexed at 90º so that their forearm was facing forwards and 148 

resting on an armrest. For this study, the average of both hands was derived; therefore, 149 

participants who skipped measuring left or right hand were excluded from the analyses (e.g., 150 

people who were unable [amputee hand /weakness/paralysis] or just declined). More 151 

http://content.digital.nhs.uk/services
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information about the protocol used can be found here 152 

https://biobank.ndph.ox.ac.uk/ukb/refer.cgi?id=100232. 153 

Values >16 kg in women and >26 kg in men were defined as normal grip, whereas values 154 

≤16 kg in women and ≤26 kg in men were defined as low grip using the Foundation for the 155 

National Institute of Health cut-off points.28 The normal grip was treated as the reference 156 

group.  157 

Finally, the walking pace and grip strength categories were combined to investigate their 158 

combined associations using the following categories: i) normal grip strength and 159 

average/brisk pace (reference); ii) normal grip strength and slow walking pace; iii) low grip 160 

strength and average/brisk pace; and iv) low grip strength and slow walking pace. 161 

Covariates  162 

Demographic and lifestyle information was self-reported using the baseline questionnaires. 163 

Age was derived from dates of birth and baseline assessment. The ethnic groups included 164 

were white, black, south Asian, Chinese, and others. Townsend score was used as a measure 165 

of area-based deprivation index, based on the postcode of residence,29 and individual-level 166 

deprivation was measured using the highest academic qualification. The frequency of alcohol 167 

consumption was self-reported as daily/almost daily, 3-4 times a week, once/twice a week, 1-168 

3 times a month, special occasions only and never. Self-reported smoking status was 169 

categorised as never, former or current smoker. Fruit and vegetable, red meat, and processed 170 

meat were also self-reported using a touch screen questionnaire. The average time spent 171 

driving, using a computer, and watching television, was used to derive the total time spent on 172 

sedentary behaviours. Trained nurses measured blood pressure, height and body weight 173 

during the baseline assessment. Body mass index (BMI) was derived from weight/height2, 174 

and then was classified using the WHO guidelines into: underweight <18.5 kg/ m2, normal 175 

https://biobank.ndph.ox.ac.uk/ukb/refer.cgi?id=100232
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weight 18.5–24.9 kg/m2, overweight 25.0–29.9 kg/m2, and obese ≥30.0 kg/m2. Physician 176 

diagnosed prevalent conditions were self-reported during baseline nurse-led interviews. 177 

Morbidity counts were derived from a list of 43 long-term conditions described elsewhere30,31 178 

and classified as 0 or ≥1. More information about UK Biobank can be found on the online 179 

protocol (http://www.ukbiobank.ac.uk). 180 

Statistical analyses 181 

The characteristics of the population by grip strength, walking pace, and combined grip 182 

strength and walking pace categories are reported by frequencies and proportions for 183 

categorical data and means and standard deviations (SD) for continuous variables.  184 

Associations of the exposures with stroke and all-cause mortality were first investigated by 185 

the separate exposures of grip strength and walking pace using Cox proportional hazard 186 

models. Then, the models were re-run using the composite measure derived from the two 187 

exposures. Findings are presented as hazard ratios (HR) with their respective confidence 188 

intervals (CIs). The time of follow-up was used as the time-dependent variable. The 189 

proportional hazard assumption was checked using Schoenfeld residuals. 190 

Analyses were adjusted for confounding factors previously reported in the literature using 191 

four models, each with increasing covariates. Model 1, included sociodemographic covariates 192 

(sex, age, deprivation status, professional qualification, and ethnic group). Model 2 was, as 193 

per model 1, but also included lifestyle factors (fruit and vegetable, red and processed meat, 194 

alcohol consumption, smoking status, duration of sedentary behaviour, and sleep time). 195 

Model 3 was, as per model 2, but also included health-related variables (systolic blood 196 

pressure and morbidity count). Model 4 was, as per model 3, but additionally included BMI. 197 

These covariates were included considering previous literature on risk factors associated with 198 

stroke and the available data in UK Biobank.6-9 Moreover, a directed acyclic graph explaining 199 

http://www.ukbiobank.ac.uk/
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the association between the exposures, the outcome, and covariates is available in 200 

Supplementary Figure 1. In addition, we ran a sensitivity analysis using a 2-year landmark 201 

period where we excluded participants who died from a stroke or any cause within the first 202 

two years of follow-up. The latter was performed to exclude people who died from possible 203 

severe stroke cases from the analyses. However, considering some potential confounder 204 

variables were not available in UK Biobank, e-value were calculated to estimate the 205 

minimum strength of the association that an unmeasured confounder would be required to 206 

explain both the exposure and the outcome as a sensitivity analysis (more details provided in 207 

Supplementary material). E-value is an approach to evaluate the confounding effect in 208 

observational studies as it is described elsewhere.32,33  209 

Participants were excluded if they did not have a history of stroke at baseline (n= 493,561) or 210 

had missing data for any of the exposures (n=278) or covariates (n=1,087) (Figure 1). All 211 

analyses were conducted using Stata version 17 statistical software (StataCorp LP). Statistical 212 

significance was defined as p<0.05. 213 

Results 214 

After excluding individuals who had no history of stroke at baseline and those with missing 215 

exposure or covariate data, 7,486 individuals were included in this prospective study (Figure 216 

1). The median follow-up period was 12.6 years (interquartile range: 11.9 to 13.3 years; 217 

93,710.2 person-days of follow-up) for stroke mortality and 12.3 years (interquartile range: 218 

11.5 to 13.1 years; 87,345.2 person-days of follow-up) for all-cause mortality. Over this time, 219 

1,490 (19.9%) people died, of whom 222 (3%) died from stroke.   220 

The general characteristic of stroke survivors, broken down by walking pace and grip 221 

strength categories, are shown in Table 1. Overall, the mean age was 61.0 (6.6) years, and the 222 

majority of the study participants were men, white and from higher deprived areas. Compared 223 
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to those in the low grip category, individuals in the normal category were more likely to have 224 

been educated at the college or university level. Also, compared with those in the slow 225 

walking pace category, individuals with an average/brisk walking pace were less likely to be 226 

current smokers or consume alcohol daily. Baseline cohort characteristics broken down by 227 

the combined walking pace and strength categories are contained in Supplementary Table 1.    228 

The associations of walking pace and grip strength with stroke and all-cause mortality are 229 

shown in Figure 2. Compared to individuals with an average/brisk walking pace, those with a 230 

slow walking pace had over 2-fold (HR: 2.12 [95% CI: 1.61 to 2.79]) higher stroke mortality 231 

risk (Model 1, Figure 2a). This association was attenuated after including the covariates in 232 

models 2 and 3 but remained statistically significant. When the association was further 233 

adjusted for BMI (Model 4), individuals with low walking pace had 2.00-times (95% CI: 1.50 234 

to 2.68) higher stroke mortality risk. On the other hand, compared to individuals with normal 235 

grip strength, those with low grip strength had a 1.96-times (95% CI: 1.46 to 2.63) higher 236 

stroke mortality risk (Model 1, Figure 2a). When this association was adjusted for lifestyle 237 

factors (Model 2), the association attenuated, and individuals with low grip strength had 1.87-238 

times (95% CI: 1.39 to 2.51) higher risk of stroke mortality. The associations remained 239 

significant when the analyses were adjusted for health-related covariates (Model 3) and BMI 240 

(Model 4) (Figure 2a).   241 

After adjusting walking pace for sociodemographic factors (Model 1, Figure 2b), the highest 242 

risk of all-cause mortality was found in individuals with a slow walking pace (HR: 2.29 [95% 243 

CI: 2.06 to 2.54)]); when this association was adjusted for lifestyle factors and health-related 244 

variables (model 2 and 3), this association attenuated to 1.97-times (95% CI: 1.77 to 2.20) 245 

and 1.92-times (95% CI: 1.72 to 2.14) higher risk, respectively. With adjusting this 246 

association for all covariates, the mortality risk rose to 2-times (HR: 1.99 [95% CI:1.78 to 247 

2.23) higher risk. Following this, individuals with lower grip strength experienced 1.57-times 248 
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(95% CI: 1.39 to 1.77) higher risk than their counterparts (Model 1, Figure 2b), and after 249 

adjusting this association for health-related and adiposity covariates, the risk was reduced to 250 

46% (HR: 1.46 [95% CI: 1.29 to 1.65]) but remained statistically significant (Model 4, Figure 251 

2b). A similar magnitude of associations was identified for these categories and the two 252 

outcomes when a 2-year landmark was applied to the analyses (Supplementary Table 2). 253 

Compared to individuals with both normal grip and average/brisk walking pace, individuals 254 

with both low grip and slow walking pace had the highest risk of stroke mortality (HR: 2.86 255 

[95% CI: 1.93 to 4.22]), followed by those with a normal grip and slow walking pace ( HR: 256 

1.96 [95% CI: 1.38 to 2.78)] and those with low grip but normal walking pace (HR: 1.89 257 

[95% CI: 1.22 to 2.94]) (Model 4, Table 2). Participants with a low grip and slow walking 258 

pace also had the highest all-cause mortality risk (HR: 2.31 [95% CI: 1.97 to 2.70)] than the 259 

reference group (model 4, Table 2). When the 2-year landmark analysis was carried out, the 260 

associations were attenuated, but remained significant (Supplementary Table 3). 261 

Finally, e-values measuring unmeasured confounders for the individual and combined 262 

associations are available in Supplementary Tables 4 and 5. The e-values ranged from 1.82 to 263 

5.17. Hence, it is unlikely that unmeasured confounders would be very strong to attenuate the 264 

result since this confounder needs to have, for instance, a HR of 5.17 with the exposure and 265 

the outcome to attenuate the association. 266 

Discussion 267 

The main findings of this study highlighted that stroke survivors with a slow walking pace 268 

and low grip strength had a higher risk of all-cause and stroke mortality compared to 269 

individuals in the highest category of each exposure. The strongest association was seen in 270 

individuals with a slow walking pace and, when the two exposures were pooled together, in 271 

those with low grip strength and slow walking pace. These associations were kept when we 272 
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ran a 2-year landmark analysis excluding people who died from possible severe stroke cases 273 

from the analyses. Considering gait impairment and low grip strength are among the main 274 

issues among stroke survivors, exploring the associations of these markers with mortality in 275 

this population provides meaningful information regarding the potential role of these markers 276 

during the survival follow-up.  277 

Although associations between grip strength and walking pace and both all-cause and stroke 278 

mortality have been previously reported both in middle-aged and older populations, as well as 279 

in men and women,23,31,34-40 studies on stroke survivors are usually clinical trials13-17 rather 280 

than large prospective studies as it is the case of our work. One observational study stated 281 

that impairments in lower contralesional hand-grip strength resulting from stroke had not 282 

shown any improvement in 2 years of follow-up compared to the control group; however, in 283 

that study, the target population was not large enough, with only 10 participants remaining at 284 

the end of the investigation.18 Regarding experimental studies, Alexander et al.41 reported that 285 

rehabilitation interventions could improve grip strength in stroke survivors. However, the 286 

literature regarding the role of physical activity in this population has been inconclusive.13-17 287 

For instance, Saunders et al. highlighted that even if cardiorespiratory fitness training 288 

(especially walking) can improve fitness, balance and waking pace after stroke, the evidence 289 

came from moderate to low-quality studies.17 Consequently, further well-designed control 290 

trials are still needed to determine the range of benefits of physical activity and, therefore, 291 

physical capability markers.17 292 

The American Stroke Association advised stroke survivors to engage in muscle-strengthening 293 

and aerobic activities (low to moderate).42 However, stroke survivors may suffer from 294 

residual disabilities caused by the stroke.42 In chronic stroke patients, for example, severe 295 

impairments in movement coordination and precision of arm and joint kinematics have been 296 

reported,43 and when compared to age-matched control subjects using the same arm, the 297 
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ipsilesional arm performed significantly worse.44 Also, a stroke might affect the symmetry, 298 

regularity, and stability of hemiparetic movement.45 According to Fayaz et al., balance 299 

problems are observed in about half of the stroke patients.46 Moreover, it has been argued that 300 

slow gait velocity can be due to a reduction in aerobic endurance and leg strength in chronic 301 

stroke patients. Rehabilitation programmes have been one of the key solutions.47 However, 302 

fewer than 30% of stroke survivors will undertake the physical activity recommendations.48 303 

A study reported that among the main barriers to not achieving this recommendation are the 304 

self-perception of being 'too tired' or the belief that their health status is 'too poor'; therefore, 305 

physical activity might damage their health.48 In this regard, their health status and belief 306 

remain among the challenges to improving stroke survivors' quality of life.   307 

Limitations 308 

There are some limitations to this research that should be considered. Firstly, although many 309 

confounding factors were included in our models, unmeasured or residual confounders could 310 

still partially influence our findings. However, our e-value analyses provided evidence that it 311 

is unlikely that these would be very strong enough to nullify the results (HR: 1.82 to 5.17; 312 

Supplementary Tables 4 and 5). Moreover, information regarding stroke severity was 313 

unavailable; therefore, we could not look at survival rates by stroke severity. We tried to 314 

avoid such potential limitations using a 2-year landmark analysis excluding people who died 315 

during this period. Secondly, there is a risk of bias in self-reported data for walking pace. 316 

Previous studies have shown that although this variable was self-reported, it has a robust 317 

mortality prediction compared to other traditional risk factors.26 Thirdly, even though the grip 318 

strength and walking pace categories showed a statistically significant association with the 319 

outcomes, wider CIs in the stroke mortality analyses may be attributable to the low number of 320 

events available in these categories. Fourthly, the majority of included participants had a 321 

white background; therefore, we did not conduct specific analyses by ethnicity due to the 322 
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small number of participants in the non-white category (315, representing only 4.2% of the 323 

total included population). In this context, generalising the summary statistics finding has 324 

some limitations, as the prevalence of morbidities, lifestyle factors, and sociodemographic 325 

factors are not representative of the UK population. However, the effect size is 326 

generalisable.49 Future studies should investigate stroke severity and the effect on the 327 

variables assessed in the present study. Finally, the observational nature of our study does not 328 

allow us to infer causality from the results.  329 

 Conclusion 330 

In conclusion, stroke survivors with a slow walking pace and low grip strength had a higher 331 

risk of dying due to stroke or for any cause. Among these exposures, the highest risk was 332 

identified in individuals with both low grip strength and a slow walking pace. Considering 333 

these exposures have been recognised among the main issues in stroke survivors, further 334 

public health policies should be put in place to improve muscle strength and physical 335 

performance across the stroke population.  336 

Perspective 337 

While the association of low grip strength and/or slow walking pace with cardiovascular and 338 

all-cause mortality in the general population is well established, data on the association 339 

between these factors and health outcomes in stroke survivors has been less established. Our 340 

results highlighted that low grip strength and slow walking pace were associated with a 341 

higher risk of stroke and all-cause mortality in stroke survivors. Exploring these markers' 342 

associations with mortality in this population provides meaningful information regarding the 343 

potential role of these markers during the survival follow-up.  344 

  345 
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Table 1 – cohort characteristics by physical activity, grip strength and walking pace. 482 

 483 

 Total stroke 

survivors 

Grip strength Walking pace 

  Normal Low Average/brisk Slow 

Total number 7,486 5,678 1,275 5,166 1,787 

Age (years), mean (SD) 61.0 (6.6) 61.7 (6.2) 60.8 (6.7) 60.9 (6.8) 61.3 (6.3) 

Sex (female), n (%) 3,172 (42.4) 2,419 (39.7) 753 (54.0) 2,339 (42.5) 833 (41.9) 

 

Ethnicity, n (%)      

White  7,171 (95.8) 5,876 (96.4) 1,295 (92.9) 5,294 (96.2) 1,877 (94.5) 

South Asian 132 (1.8) 75 (1.2) 57 (4.1) 91 (1.6) 41 (2.1) 

Black  104 (1.4) 84 (1.4) 20 (1.4) 64 (1.7) 40 (2.0) 

Chinese  8 (0.1) 8 (0.1) 0.00 (0.00) 7 (0.1) 1 (0.0) 

Other  71 (0.9) 49 (0.8) 22 (1.6) 44 (0.8) 27 (1.4) 

Smoke, n (%)      

Never 3,170 (42.3) 2,594 (42.6) 576 (41.3) 2,536 (46.1) 634 (31.9) 

Previous 3,227 (43.1) 2,643 (43.4) 584 (41.9) 2,341 (42.6) 

 

886 (44.6) 

Current  1,089 (14.6) 855 (14.0) 234 (16.8) 623 (11.3) 466 (23.5) 

Deprivation, n (%)      

Lower  2,085 (27.8) 1,798 (29.5) 287 (20.6) 1,726 (31.4) 359 (18.1) 

Middle  2,341 (31.3) 1,956 (32.1) 385 (27.6) 1,830 (33.3) 511 (25.7) 

Higher  3,060 (40.9) 2,338 (38.4) 722 (51.8) 1,944 (35.3) 1,116 (56.2) 

Sleep time, n (%)      

Normal 7-9 h/day 4,989 (66.4) 4,174 (68.5) 815 (58.5) 3,884 (70.6) 1,105 (55.6) 

Short sleep <7 h/day 2,124 (28.4) 1,665 (27.3) 459 (32.9) 1,453 (26.4) 671 (33.8) 

Long sleep >9 h/day 373 (5.0) 253 (4.1) 120 (8.6) 163 (3.0) 210 (10.6) 

Morbidity count, n (%)      

0 1,087 (14.5) 967 (15.9) 120 (8.6) 975 (17.7) 112 (5.6) 

≥ 1 6,399 (85.5) 5,125 (84.1) 1,274 (91.4) 4,525 (82.3) 1,874 (94.4) 

Alcohol intake frequency, n (%)      

Daily or almost daily 2,074 (27.7) 1,513 (24.8) 561 (40.2) 1,284 (23.3) 790 (39.8) 

3–4 times a week 2,557 (34.2) 2,090 (34.3) 467 (33.5) 1,923 (35.0) 634 (31.9) 

Once or twice a week 2,855 (38.1) 2,489 (40.9) 366 (26.7) 2,293 (41.7) 562 (28.3) 

BMI (kg/m2), mean (SD) 28.8 (5.0) 28.7 (4.9) 29.2 (5.5) 28.1 (4.5) 30.7 (5.9) 

BMI categories, n (%)      

Underweight (<18.5 kg/ m 2) 28 (0.4) 19 (0.3) 9 (0.6) 16 (0.3) 12 (0.6) 

Normal weight 

 (18.5–24.9 kg/m 2) 

1,650 (22.0) 1,363 (22.8) 287 (20.6) 1,362 (24.8) 288 (14.5) 

Overweight 

(25.0–29.9 kg/m2) 

3,186 (42.6) 2,626 (43.1) 560 (40.2) 2,487 (45.2) 699 (35.2) 

Obese 

 (≥30.0 kg/m2) 

2,622 (35.0) 2,084 (34.2) 538 (38.6) 1,635 (29.7) 987 (49.7) 

Systolic BP (mm Hg), mean 

(SD) 

139.8 (18.8) 138.0 (18.4) 140.2 (18.8) 140.1 (18.5) 139.1 (19.7) 

Red meat, (times/week), mean 

(SD) 

2.2 (1.5) 2.3 (1.7) 2.2 (1.5) 2.2 (1.5) 2.3 (1.7) 

Processed meat, (times/week), 2.0 (1.1) 1.9 (1.1) 2.0 (1.1) 1.9 (1.1) 2.1 (1.1) 
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Continuous variables are presented as mean (SD); categorical variables are presented as n (%). SD 484 

indicates standard deviation; n, total number; h/day, hours per day; BMI, body mass index; CSE, 485 

Certificate of Secondary Education; BP, blood pressure. Low grip strength was defined as ≤16 kg in 486 

women and ≤26 kg in men using the National Institute of Health cut-off points. Slow walking pace 487 

was self-reported using a questionnaire about the regular walking pace. 488 

 489 

 490 

 491 

 492 

 493 

 494 

 495 

 496 

 497 

mean (SD) 

Fruit and vegetable, (grams/day) 

mean (SD) 

330.7 (216.5) 329.8 

(211.3) 

330.9 (217.7) 337.8 (212.8) 310.8 (225.3) 

Sedentary behaviour (h/day), 

mean (SD) 

5.4  (2.5) 5.4 (2.7) 5.4 (2.4) 5.3 (2.3) 5.9 (3.0) 

Education status, (%)      

None of the options 3,312 (44.2) 2,545 (41.8) 767 (55.0) 2,182 (39.7) 1,130 (56.9) 

CSEs 322 (4.3) 264 (4.3) 58 (4.7) 251 (4.6) 71 (3.6) 

0-levels 1,547 (20.7) 1,284 (21.1) 263 (18.9) 1,184 (21.5) 363 (18.3) 

A-levels 677 (9.0) 565 (9.3) 112 (8.0) 524 (9.5) 153 (7.7) 

College/ 

University degree 

1,628 (21.8) 1,434 (23.5) 194 (13.9) 1,359 (24.7) 269 (13.5) 
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Data presented as hazard rations and their 95% CI. Normal grip and average-brisk pace categories were defined as the reference group. Models 1 was adjusted 

for   Model 1 featured sociodemographic covariates (sex, age, deprivation status, professional qualification, and ethnicity). Model 2, as per model 1, but also 

included lifestyle factors (fruit and vegetable, red meat, and processed meat, alcohol consumption, smoking status, sedentary behaviour, and sleep-time). 

Model 3, as per model 2, but also included health-related variables (systolic blood pressure, and history of morbidities). Model 4, as per model 3, but 

additionally included BMI. Low grip strength was defined as ≤16 kg in women and ≤26 kg in men using the National Institute of Health cut-off points. Slow 

walking pace was self-reported using a questionnaire about the regular walking pace. 

  

Models Normal grip and  

average/brisk walking pace 

Normal grip and slow walking pace Low grip and average/brisk walking pace Low grip and slow walking pace 

Stroke 

mortality 

Events/Total 

participants 

HR (95% 

CI) 

Events/Total 

participants 

HR (95% CI) p-value Events/Total 

participants 

HR (95% CI) p-value Events/Total 

participants 

HR (95% CI) p-value 

Model 1 98/4,813 1.00 (Ref.) 56/1,279 2.07 (1.48; 2.89) <0.001 26/687 1.92 (1.24; 2.98) 0.003 42/707 2.99 (2.06; 4.34) <0.001 

Model 2 98/4,813 1.00 (Ref.) 56/1,279 1.84 (1.31; 2.60) <0.001 26/687 1.88 (1.21; 2.92) 0.005 42/707 2.70 (1.83; 3.97) <0.001 

Model 3 98/4,813 1.00 (Ref.) 56/1,279 1.83 (1.30; 2.59) 0.001 26/687 1.90 (1.22; 2.95) 0.004 42/707 2.74 (1.85; 4.05) <0.001 

Model 4 98/4,813 1.00 (Ref.) 56/1,279 1.96 (1.38; 2.78) <0.001 26/687 1.89 (1.22; 2.94) 0.005 42/707 2.86 (1.93; 4.22) <0.001 

All-cause 

mortality 

           

Model 1 694/4,813 1.00 (Ref.) 420/1,279 2.31 (2.04; 2.61) <0.001 133/687 1.43 (1.19; 1.73) <0.001 243/707 2.64 (2.27; 3.07) <0.001 

Model 2 694/4,813 1.00 (Ref.) 420/1,279 1.98 (1.74; 2.25) <0.001 133/687 1.40 (1.16; 1.69) <0.001 243/707 2.28 (1.95; 2.66) <0.001 

Model 3 694/4,813 1.00 (Ref.) 420/1,279 1.92 (1.69; 2.18) <0.001 133/687 1.40 (1.16; 1.68) 0.001 243/707 2.24 (1.91; 2.61) <0.001 

Model 4 694/4,813 1.00 (Ref.) 420/1,279 2.00 (1.75; 2.27) <0.001 133/687 1.39 (1.15; 1.68) 0.001 243/707 2.31 (1.97; 2.70) <0.001 

Table 2. Associations between grip strength and walking pace categories and mortality due to stroke and all-cause 
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Figure 1. Diagram of sample selection 

Figure 2. Associations of walking pace and grip strength with mortality due to stroke and all-cause mortality. Data presented as adjusted HR and their 

95% confidence interval. Average/brisk pace and normal grip were treated as the reference categories. Analysis were adjusted for sociodemographic 

covariates (model 1), lifestyle factors (model 2), health-related variables (model 3) and BMI (model 4). Low grip strength was defined as ≤16 kg in women 

and ≤26 kg in men using the National Institute of Health cut-off points. Slow walking pace was self-reported using a questionnaire about the regular walking 

pace.
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