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ABSTRACT

Background: Walking speed is a reliable marker of sarcopenia and a strong predictor of mortality, but its relationship with
cancer incidence remains largely unexplored. We aimed to investigate the association between walking speed and the risk of any
cancer and five common cancers, including lung, breast, colorectum, prostate, and stomach, and to explore potential mediation
by biomarkers of inflammation, and lipid and glucose metabolism.

Methods: The primary analysis was conducted in 431 598 participants from the UK Biobank (mean age 56.3 [SD 8.1] years at
baseline), and the generalizability of findings was further tested in 1311 participants from the Hong Kong Osteoporosis Study
(HKOS; mean age 57.8 [SD 11.9] years). Walking speed was self-reported in the UK Biobank and measured using a timed 6-m
walk test in the HKOS. Incident cancer cases were identified from electronic health records. We used Cox models, adjusted
for age, sex, height, body mass index, socioeconomic, lifestyle factors, family history of cancer, and grip strength, to estimate
the association between walking speed and cancer incidence. Single and multiple mediator models were performed in the UK
Biobank to examine the mediating effects of C-reactive protein (CRP), white blood cell (WBC) count, total cholesterol, low-
density lipoprotein (LDL) cholesterol, and glucose levels.

Results: Over a median follow-up of 10.9 and 6.9years, 11.7% and 5.0% of the UK Biobank and HKOS participants were diag-
nosed with cancer, respectively. In the UK Biobank, those reported a brisk vs. slow walking pace had a 13% lower risk of any
cancer (95% CI 0.84-0.90). Similarly, HKOS participants with a faster walking speed (>1.0 vs. <1.0m/s) had a 45% reduced
risk of any cancer (95% CI 0.31-0.98). In the UK Biobank, brisk walking pace was associated with a significantly decreased
risk of lung cancer (hazard ratio [HR] 0.47, 95% CI 0.42-0.53) and a slightly increased risk of prostate cancer (HR 1.11, 95% CI
1.02-1.21). CRP, WBC count, total cholesterol, and LDL cholesterol significantly mediated the association between brisk walking
pace and any cancer, with proportions of mediation being 6.4% (95% CI 4.4-8.7%), 11.4% (8.4-17.1%), 9.3% (7.1-12.9%), and 8.3%
(6.1-11.9%), respectively. The combined mediated proportion of all five potential mediators was 25.9% (19.5-37.2%).

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is
properly cited.
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Conclusion: Faster walking speed, whether self-reported or measured, is associated with a reduced risk of cancer development.

This association appears to be partially mediated by lower inflammation and improved lipid profiles.

1 | Introduction

Cancer remains a significant public health concern, ranking
among the leading causes of death [1]. In 2022, there were nearly
20 million new cancer cases and 9.7 million cancer deaths
worldwide [1], highlighting the need for effective cancer preven-
tion strategies. Physical activity is a well-established protective
factor against various cancers, including lung, colon, breast,
and liver cancer [2]. Current guidelines recommend engaging in
regular moderate-to-vigorous physical activity, in combination
with muscle-strengthening activity, for cancer prevention [3].
Walking, as the most common and accessible form of moder-
ate physical activity, has been a key focus in promoting physical
activity [4]. Recent research has also demonstrated an inverse
relationship between daily step count and step intensity with the
risk of cancer incidence and mortality [5].

Beyond the amount of walking, the pace at which one walks
correlates with higher relative activity intensity, which may pro-
duce greater physiological response and confer additional health
benefits [5, 6]. Walking speed is a quick, sensitive, objective, and
highly reliable marker of functional status and overall health,
especially in older adults [7]. Since gait speed could reflect the
health status of multiple body systems, it has been shown to
be a strong predictor of age-related diseases including cardio-
vascular diseases [8] and dementia [9], as well as mortality [6].
Moreover, walking speed is an important measure for assessing
sarcopenia [10] and physical frailty in clinical practice [11]. As
skeletal muscle plays a crucial role in regulating inflammatory
and metabolic pathways, sarcopenia is linked to chronic inflam-
mation and dysfunction of lipid and glucose metabolism [12],
which may contribute to cancer progression [13, 14].

However, whether walking speed per se is associated with can-
cer incidence remains poorly studied. In a previous observational
study, Kwan et al. found no significant association between walk-
ing speed and invasive breast cancer incidence among 14719 post-
menopausal women in the Women's Health Initiative study [15].
Conversely, emerging evidence from Mendelian randomization
studies indicates a potential genetic causal relationship between
a faster walking pace and a lower risk of breast cancer [16] and
lung cancer [17], suggesting that gait speed may not simply be a
marker, but also a potential contributor to cancer development.
Nevertheless, given the limited evidence and potential limitations
and biases inherent in Mendelian randomization, such as limited
statistical power as genetic instruments can only explain a small
variance, and the presence of weak instrument bias and horizon-
tal pleiotropy [16, 17], more studies with larger sample sizes and
longer follow-up periods are needed to elucidate the association
between walking speed and the risk of various cancers, and to ex-
plore potential underlying mechanisms.

The aim of the present study was to investigate the relationship
between walking speed and the incidence of any cancer and the
five most frequently diagnosed cancers worldwide, including
lung, female breast, colorectal, prostate, and stomach cancers

[1]. We hypothesized that a faster walking speed would be associ-
ated with a lower risk of developing these cancers. Additionally,
we performed mediation analyses to assess the extent to which
these associations could be mediated by biomarkers of inflam-
mation, and lipid and glucose metabolism.

2 | Methods
2.1 | Study Population

This is a prospective cohort study using data from two sources,
including the UK Biobank (as a primary cohort) and the Hong
Kong Osteoporosis Study (HKOS; as a validation cohort). The UK
Biobank is a population-based cohort which has recruited over
500000 individuals aged 37-73 from England, Wales, and Scotland
between 2006 and 2010 [18]. During baseline assessment, partici-
pants underwent extensive testing, including touch-screen ques-
tionnaires, physical measurements, and collection of biological
samples [18]. The UK Biobank participants were followed through
linkage to electronic medical records, including the national death
and cancer registries. The HKOS is the first longitudinal cohort
study on osteoporosis and fracture of all ages in Asia, which has
enrolled over 9000 community-dwelling Chinese adults from 1995
to 2010 [19]. Between 2015 and 2019, a full-scale follow-up study
was conducted, consisting of 1386 participants aged 27-96years
who completed questionnaires, clinical assessments (such as gait
speed and grip strength), and provided biomedical data [19]. The
HKOS participants are linked to the Clinical Data Analysis and
Reporting System (CDARS), the territory-wide electronic health
record database managed by the Hospital Authority of Hong Kong,
which captures both inpatient and outpatient records and covers
>80% of all hospital admissions in Hong Kong.

This study is part of the UK Biobank registered project 22224.
Ethical approval for the UK Biobank study was obtained from the
North West Multi-centre Research Ethics Committee (approval
number: 11/NW/0382), and this analysis was also approved by
the Regional Ethics Board in Stockholm (Dnr 2016/1888-31/1).
The HKOS study was approved by the Institutional Review
Board of the University of Hong Kong/HA HKW, HKSAR,
China (reference numbers UW 15-236 and UW 23-396). All par-
ticipants provided informed consent prior to data collection.

For this analysis, we excluded individuals who had withdrawn
from the study, had a cancer diagnosis before baseline, or had
missing data on walking speed and covariates (Figure S1). This
resulted in a final sample size of n=431598 participants from
the UK Biobank and n=1311 participants from the HKOS.

2.2 | Walking Speed

In the UK Biobank, walking speed was assessed using a self-
reported question: “How would you describe your usual walking
pace?”. Participants were provided with three options of “slow”,
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“steady/average”, or “brisk”, which correspond to walking
speeds of <3 miles per hour (approximately 1.34m/s), 3-4 miles
per hour (approximately 1.34-1.79m/s), and >4 miles per hour
(approximately 1.79m/s), respectively. Those who answered
“None of the above” or “Prefer not to answer” were excluded
from the analysis.

In the HKOS, a timed 6-m walk test was performed during the
in-person assessments between 2015 and 2019. Participants
were instructed to walk along a straight line of 6 m long at a
comfortable pace. Walking speed (in m/s) was then calculated
by dividing the distance (6 m) by the time walked. Following rec-
ommendations of the Asian Working Group for Sarcopenia [20],
we categorized walking speed into >1.0 and <1.0m/s, where a
6-m walking speed of <1.0m/s is typically considered indicative
of low physical performance [20].

2.3 | Outcomes

Cancer cases in the UK Biobank were ascertained from the can-
cer registries in England, Wales, and Scotland, with complete
follow-up available through February 29, 2020. In the HKOS,
cancer cases were identified from the electronic health records
in CDARS, with follow-up available until January 15, 2024. We
defined cancer of all sites (excluding non-melanoma skin can-
cer) and five specific cancers (lung, female breast, colorectum,
prostate, and stomach) using the International Classification
of Diseases (ICD) 9th or 10th revision codes, as presented in
Table S1. Participants were followed from the date of baseline
assessment until the first occurrence of the corresponding
cancer diagnosis, date of death, or end of follow-up, whichever
came first.

2.4 | Covariates

Information on demographics, socioeconomic indicators,
lifestyle factors, family history of cancer, and grip strength
was collected during baseline assessment. Body mass index
(BMI) was calculated using measured weight and height for
both cohorts. Ethnicity was self-reported and categorized as
white, Asian, black, or other in the UK Biobank; all partici-
pants from the HKOS were Asians. Education was determined
by the highest self-reported qualification and categorized as
primary or below, secondary, or college/university degree.
Socioeconomic deprivation was assessed using the Townsend
deprivation index in the UK Biobank, which was derived from
national census data; this information is not available in the
HKOS. Smoking status was categorized as never, previous,
or current smoker. Alcohol consumption was categorized as
never, occasionally, once a month, or once a week. Physical
activity was assessed using the International Physical Activity
Questionnaire in the UK Biobank [21] and a physical activ-
ity questionnaire developed for Hong Kong Chinese adults in
the HKOS [22]. In both cohorts, the total metabolic equiva-
lent of task (MET) in minutes per week was calculated based
on the weekly frequency and duration of vigorous, moder-
ate, and walking activity [23]. Family history of cancer in
father, mother, or siblings was self-reported in both cohorts.
Grip strength was measured using a Jamar hydraulic hand

dynamometer in both cohorts. We took the mean of the right
and left hand values in the UK Biobank [24] and the mean of
the three repeated measurements of the dominant hand in the
HKOS for the analysis [25].

2.5 | Potential Mediators

We considered two biomarkers of inflammation (C-reactive
protein [CRP], white blood cell [WBC] count) [13] and three
biomarkers of lipid and glucose metabolism (total cholesterol,
low-density lipoprotein [LDL] cholesterol, glucose) [14] as po-
tential mediators. Blood samples were collected at the UK
Biobank baseline assessment. Serum CRP (mg/L), total cho-
lesterol (mmol/L), LDL cholesterol (mmol/L), and glucose lev-
els (mmol/L) were measured on the Beckman Coulter AU5800
chemistry analyser (https://biobank.ndph.ox.ac.uk/ukb/ukb/
docs/serum_biochemistry.pdf). CRP was measured by the im-
munoturbidimetric method; total cholesterol was measured by
cholesterol oxidase-peroxidase (CHO-POD) analysis; LDL cho-
lesterol was measured by enzymatic protective selection anal-
ysis; and glucose was measured by hexokinase analysis. WBC
count in whole blood (x10° cells/L) was measured using the
Coulter LH 750 System (https://biobank.ndph.ox.ac.uk/ukb/
ukb/docs/haematology.pdf). All the biomarkers were consid-
ered as continuous variables and were standardized to mean=0
and standard deviation (SD)=1. Mediation analyses were per-
formed only in the UK Biobank as the inflammation biomarkers
were not available in the HKOS.

2.6 | Statistical Analysis

Sample characteristics were summarized as means and SDs for
continuous variables and proportions for categorical variables.
Univariate comparisons between exposure groups (walking
speed) and outcome groups (cancer) were performed using in-
dependent ¢ tests, analysis of variance, or y? tests as appropriate.
Kaplan-Meier curves were plotted to examine the probability
of any cancer incidence by walking speed categories in the UK
Biobank and HKOS.

We fitted Cox proportional-hazards models in the UK Biobank
to estimate hazard ratios (HR) with 95% confidence intervals
(CI) for the risk of developing any cancer and site-specific can-
cers. The models were first adjusted for age and sex (model 1)
and were further adjusted for height, BMI, baseline assessment
centre, ethnicity, education, Townsend deprivation index, smok-
ing, alcohol consumption, physical activity, and family history
of cancer (model 2). Additionally, we adjusted the models for
grip strength (model 3), which is a related marker of sarcopenia
and frailty that has also been linked to cancer risk [24]. For the
cancers that were significantly associated with walking speed,
subgroup analyses were performed to test if the associations
may differ by age at baseline (<65 vs. >65years), sex (women
vs. men), ethnicity (white vs. non-white), smoking status (never-
smokers vs. ever-smokers) BMI (<25 vs. > 25kg/m?), and physi-
cal activity level (low vs. moderate/high).

For validation of the results in the HKOS, we fitted Cox models
to examine the association between measured walking speed
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and risk of any cancer. The models were adjusted for same co-
variates as in the UK Biobank, except baseline assessment cen-
tre (since all HKOS participants attended the same assessment
centre) and socioeconomic deprivation (which was not available
in the HKOS). In addition, a restricted cubic spline model was
used to assess the dose-response relationship between timed
walking speed and risk of any cancer in the HKOS. Subgroup
analyses were performed in the HKOS by age at baseline (<65
vs. > 65years) and sex (women vs. men).

To explore the mediating roles of CRP, WBC count, total choles-
terol, LDL cholesterol, and glucose in the association between
walking speed and cancer, we conducted mediation analy-
ses in the UK Biobank using the “CMAverse” R package [26].
The regression-based approach was used to estimate the total
effect, pure natural direct effect (PNDE), and total natural in-
direct effect (TNIE), under the strong assumption that there is
no unmeasured confounding [26]. PNDE represents the effect of
walking speed on cancer that is independent of the mediator(s),
while TNIE represents the effect of walking speed on cancer
that is mediated by the mediator(s). Total effect corresponds to
the sum of PNDE and TNIE, and proportion mediated (i.e. mag-
nitude of mediation) was calculated as TNIE divided by the total
effect. Of note, while the term “effect” is commonly used in me-
diation analyses, it does not directly imply causality in our find-
ings. We performed both single mediator and parallel multiple
mediator models for any cancer and lung cancer, which aimed
to quantify the proportion of mediation through each mediator
and all five mediators combined, respectively. All mediation
models were adjusted for age, sex, height, BMI, baseline assess-
ment centre, ethnicity, education, Townsend deprivation index,
smoking, alcohol consumption, physical activity, family history
of cancer, and grip strength. Effect estimates were presented as
HRs, and 95% CIs were obtained using bootstrapping with 200
repetitions.

We performed two sensitivity analyses. Firstly, as we observed
an unexpected positive association between walking speed and
prostate cancer in the UK Biobank, we further considered serum
testosterone level [27] and diabetes [28] as potential confounders
in the models. Secondly, to minimize the possibility of reverse
causality, we repeated the analysis between walking speed and
any cancer and the significant cancer types in the UK Biobank
and HKOS by excluding the first 3years of follow-up.

We considered a p<0.05 as nominal significance. To account
for multiple testing in the UK Biobank, we further considered
a Bonferroni-corrected significance threshold of p<0.01 (ie.
0.05/5, accounting for five specific cancer sites examined in the
UK Biobank). The proportional-hazards assumption of the Cox
models was verified using Schoenfeld residuals. All analyses
were performed in R version 4.3.2.

3 | Results
3.1 | Participant Characteristics
The analysis included 431598 UK Biobank and 1311 HKOS

participants, the mean age of which were 56.3 (SD=38.1) and
57.8 (SD=11.9) years, respectively (Table 1). The proportion of

women was higher in the HKOS (78.9%) compared to the UK
Biobank (53.1%). Besides, higher proportions of participants in
the HKOS were never-smokers (94.2% vs. 55.2%), never-drinkers
(65.7% vs. 4.2%), and had a lower mean BMI (23.3 vs. 27.4kg/m?)
compared to the UK Biobank. Education and physical activity
levels were similar between the two cohorts (Table 1).

In the UK Biobank, 7.5%, 52.4%, and 40.1% of participants re-
ported a slow, average, and brisk walking pace, respectively,
whereas in the HKOS, 16.0% of participants were classified as
slow walkers (<1.0m/s). Participants with a slower walking
speed were generally older, shorter, had higher BMI, lower edu-
cation, lower physical activity level, and lower grip strength in
both cohorts (p<0.05) (Table S2). Moreover, those who devel-
oped cancer during the follow-up period tended to be older, had
higher BMI, lower education, and were more likely to be smok-
ers (Table S3).

3.2 | Walking Speed and Risk of cancer

During a median follow-up of 10.9years (interquartile
range [IQR]=10.0-11.6) in the UK Biobank and 6.9years
(IQR=6.6-7.8) in the HKOS, 11.7% and 5.0% of participants were
diagnosed with incident cancer, respectively (Table 1). Kaplan-
Meier curves in Figure 1 show that individuals with a faster
walking speed had a lower probability of developing any cancer
in both cohorts (log-rank p<0.001). The incidence rate of any
cancer among slow walkers was comparable in the UK Biobank
(1485.8 per 100000 person-years) and the HKOS (1483.4 per
100000 person-years) and was higher than those with a faster
walking speed (1181.5 for average walking pace and 993.7 for
brisk walking pace in the UK Biobank) (Tables 2 and 3).

In the UK Biobank, adjusted for age, sex, height, BMI, baseline
assessment centre, ethnicity, education, deprivation, smoking,
alcohol consumption, physical activity, and family history of can-
cer (model 2), there was a significantly reduced risk of any cancer
among those with an average (HR=10.91, 95% CI=0.88-0.94) or
brisk walking pace (HR =0.87, 95% CI=0.84-0.90) compared to
those with a slow walking pace (p-value for linear trend < 0.001)
(Table 2). This association remained unchanged when further
adjusted for grip strength (model 3) (Table 2).

The HKOS was used as a validation cohort to examine the as-
sociation between measured walking speed and the risk of any
cancer. Consistent with the results found in the UK Biobank,
HKOS participants who walked at a speed of >1.0 vs. <1.0m/s
had a lower risk of any cancer (HR=0.55, 95% CI=0.31-0.98)
(Table 3). The relationship between the continuous measure
of walking speed and any cancer in the HKOS is presented in
Figure S2, which shows that a slower walking speed was asso-
ciated with an increased risk of any cancer, but this association
was less evident when walking speed exceeded 1.2m/s.

When stratified by cancer types in the UK Biobank, brisk walk-
ing pace was associated with a significantly lower risk of lung
cancer (HR=0.47, 95% CI=0.42-0.53). On the contrary, brisk
walking pace was associated with a slightly higher risk of
prostate cancer (HR=1.11, 95% CI=1.02-1.21), although this
association was not statistically significant after applying the
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TABLE1 | Baseline characteristics of the included participants.

Bonferroni correction. No statistically significant association
was found between walking speed and breast, colorectal, and

. UK Biobank stomach cancers in the fully adjusted models (Table 2).
Characteristic (n=431598) HKOS (n=1311)
Age, year, mean (SD) 56.3(8.1) 57.8 (11.9)
Sex, 1 (%) 3.3 | Mediation Analysis
Women 229355 (53.1) 1035 (78.9) After adjusting for potential confounders, CRP, WBC count,
Men 202243 (46.9) 276 (21.1) total cholesterol, and LDL cholesterol showed statistically sig-
nificant partial mediating effects on the association between
Height, m, mean 1.69 (0.09) 1.58 (0.08) walking speed and any cancer in the UK Biobank (Table 4). The
(SD) proportions of mediation for the association comparing brisk
BMI, kg/m?2, mean 27.4 (4.7) 23.3(3.7) vs. slow walking speed were 6.4% (95% CI1=4.4-8.7%) for CRP,
(SD) 11.4% (8.4-17.1%) for WBC count, 9.3% (7.1-12.9%) for total cho-
lesterol, and 8.3% (6.1-11.9%) for LDL cholesterol. Glucose did
Ethnicity, n (%) not significantly mediate the walking speed-cancer association.
White 409246 (94.8) — In the multiple mediator model, the total mediated proportion
. by the five mediators combined was 25.9% (95% C1=19.5-37.2%)

Asian 9370 2.2) 1311 (100) (Table 4). The association between brisk walking pace and lung

Black 6678 (1.5) — cancer was also significantly mediated, albeit to a lesser extent,

Others 6304 (1.5) o by CRP, WBC count, total cholesterol, and LDL cholesterol, with

’ proportions of mediation ranged from 2.0 to 2.3% and a com-
Education, n (%) bined mediated proportion of 5.9% (4.5-7.9%) (Table S4).

Primary or below 69255 (16.0) 227 (17.3)

Secondary 216648 (50.2) 674 (51.4) 3.4 | Subgroup and Sensitivity Analyses

College or 145695 (33.8 410 (31.3

univegrsity 39 Gy Subgroup analyses were performed to examine potential ef-

fect modification. In the UK Biobank, the association between
Deprivation index, —1.36(3.05) - walking speed and any cancer appeared to be stronger in men,
mean (SD) white participants, normal-weight individuals with a BMI< 25,
Smoking status, 1 (%) ever-smokers, and physically inactive individuals (p for interac-
tion <0.05) (Table S5). Similar results were found in the HKOS,
Never 238445 (55.2) 1235(94.2) where the association between walking speed and any cancer
Previous 148685 (34.4) 43 (3.3) tended to be stronger in older adults aged >65years and in men
(p for interaction <0.001) (Table S6). For site-specific cancers, the

Current 44468 (10.3) 3323 association between walking speed and lung cancer in the UK
Alcohol Biobank was stronger in normal-weight and physically inactive
consumption, n (%) individuals and was statistically significant only in ever-smokers

Never 17905 (4.1) 861 (65.7) but not never-smokers (p for interaction <0.05). For prostate can-

cer, we observed an interaction between age and walking pace

Occasionally 62457 (14.5) 168 (12.8) such that the association was significant only in younger adults

Once a month 47996 (11.1) 142 (10.8) aged < 65years (p for interaction =0.003) (Table S5).

Once a week 303240(70.3) 140 (10.7) In the sensitivity analysis, the association between walking
Physical activity, 2789.2 (3827.3) 2737.3 (2965.7) speed and prostate cancer was slightly attenuated when addi-
MET-min/week, tionally adjusted for serum testosterone level and diabetes (HR
mean (SD) for brisk vs. slow pace=1.10, 95% CI=1.01-1.21) (Table S7).

Moreover, excluding the first 3years of follow-up had mini-
Family history of 149827 (34.7) 342(26.1) mal impact on the association between walking speed and any
cancer, n (%) cancer, lung cancer, and prostate cancer in the UK Biobank
Grip strength, kg, 31.0 (11.0) 23.9(7.9) (Table S8), as well as between walking speed and any cancer in
mean (SD) the HKOS (Table S9).
Any incident cancer, 50480 (11.7) 66 (5.0)
n (%) 4 | Discussion
Died during 21408 (5.0) 25(1.9)

follow-up, n (%)

To the best of our knowledge, this study is the largest to date
that has investigated the relationship between walking speed

Abbreviation: BMI, body mass index; HKOS, Hong Kong Osteoporosis Study;

MET, metabolic equivalent of task. and the risk of cancer. Using data from the population-based
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UK Biobank (n=431,598)

HKOS (n=1,311)
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FIGURE 1 | Kaplan-Meier curves of cancer incidence stratified by walking speed in the UK Biobank and the Hong Kong Osteoporosis Study

(HKOS). p Values were based on log-rank tests.

UK Biobank cohort, we showed that a faster walking speed was
associated with a decreased risk of developing any cancer and
lung cancer, even after adjusting for multiple cancer risk factors
including physical activity level and grip strength. This asso-
ciation tended to be stronger in men, white participants, indi-
viduals with a normal weight, ever-smokers, and those who are
physically inactive. Importantly, we observed largely consistent
results in a Chinese population with walking speed measured
using a timed walk test, further supporting the generalizabil-
ity of this finding. In addition to the observed associations, our
mediation analyses showed that the levels of CRP, WBC count,
total cholesterol, and LDL cholesterol partially mediated the re-
lationship between walking speed and cancer risk, suggesting
inflammation and lipid metabolism dysfunction as the potential
underlying mechanisms.

Despite a well-established link between physical activity, in-
cluding walking, and cancer risks [2, 3, 5], research on the asso-
ciation between walking speed and cancer has been scarce. Our
findings align with a recent study in the UK Biobank, which
similarly found that individuals with a self-reported brisk walk-
ing pace had a longer lifetime lived without cancer or cardio-
vascular disease [29]. Notably, the association between walking
speed and any cancer persisted regardless of whether walking
speed was self-reported in the UK Biobank or objectively mea-
sured in the HKOS. This suggests that the observed association
may not be only explained by subjective health or psychological
factors [30], but could also involve a potential physiological link
between actual walking speed and cancer, which is likely to be
complex. The ability to walk relies on the coordination and func-
tion of multiple physiological systems, including the nervous

system, perceptual system, muscles, bone and joints, and energy
production and delivery [31]. Hence, reduced walking speed may
be an early indicator of a multisystem dysregulation, reflecting
functional decline [7], sarcopenia [10], frailty [11], and biological
aging [32], all of which have also been associated with cancer
risks [24, 33, 34], and the decline in these systems could happen
well before the incident cancer.

Several biological mechanisms may mediate the association
between walking speed and cancer. Gait speed is an important
marker of sarcopenia [10], and skeletal muscle is an endocrine
organ that releases myokines (e.g. interleukin-6, brain-derived
neurotrophic factor, tumour necrosis factor) to regulate inflam-
matory and metabolic pathways [12]. Increasing research has
shown a link between sarcopenia and physical inactivity with
cancer risk, largely involving a chronic inflammatory envi-
ronment that promotes cancer cell growth and spread [12, 35].
Furthermore, sarcopenia is closely associated with metabolic dis-
orders [12, 36], such as insulin resistance and lipid metabolism
dysfunction, which are also linked to cancer development [14].
Additionally, sarcopenia is related to a decline in immune system
function. As muscle mass decreases, the body's immune capacity
weakens, particularly affecting the function of T cells and natural
killer cells, thereby reducing the ability of sarcopenic individuals
to effectively combat cancer [37]. Therefore, the reduced cancer
risk among fast walkers could be at least partially explained by an
overall lower inflammation and improved immune and metabolic
functions. This was also supported by our mediation analyses,
which showed that CRP, WBC count, total cholesterol, LDL cho-
lesterol, and glucose levels together mediated around one-fourth
of the association between walking speed and cancer risk.
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TABLE 2 | Association between self-reported walking speed and risk of any cancer and site-specific cancers in the UK Biobank.
Cancer site Slow Average Brisk Pirend”
Any cancer
Incidence per 100000 person-years 1485.8 1181.5 993.7 —
Model 1, HR (95% CI)® 1 (vef) 0.86 (0.84, 0.89)** 0.80 (0.78, 0.83)** <0.001
Model 2, HR (95% CI)¢ 1 (ref) 0.91 (0.88, 0.94)** 0.87(0.84, 0.90)** <0.001
Model 3, HR (95% CI)d 1 (ref) 0.91 (0.88, 0.94)** 0.87 (0.84, 0.90)** <0.001
Lung cancer
Incidence per 100000 person-years 206.3 83.4 46.5 —
Model 1, HR (95% CI)® 1 (ref) 0.45 (0.42, 0.50)** 0.30 (0.27, 0.33)** <0.001
Model 2, HR (95% CI)¢ 1 (ref) 0.62 (0.57, 0.68)** 0.47 (0.42, 0.52)** <0.001
Model 3, HR (95% CI)¢ 1 (ref) 0.63 (0.57, 0.69)** 0.47 (0.42, 0.53)** <0.001
Breast cancer in women
Incidence per 100000 person-years 369.0 346.8 315.3 —
Model 1, HR (95% CI)® 1 (ref) 0.96 (0.89, 1.05) 0.91 (0.84, 0.99)* 0.004
Model 2, HR (95% CI)® 1 (ref) 1.00(0.91, 1.09) 0.95(0.87, 1.05) 0.12
Model 3, HR (95% CI)4 1 (vef) 1.00(0.91, 1.09) 0.95(0.87, 1.05) 0.12
Colorectal cancer
Incidence per 100000 person-years 147.4 123.5 99.5 —
Model 1, HR (95% CI)® 1 (vef) 0.93(0.84,1.02) 0.85(0.77, 0.94)* <0.001
Model 2, HR (95% CI)° 1 (vef) 0.97 (0.88, 1.08) 0.92 (0.82,1.03) 0.048
Model 3, HR (95% CI)¢ 1 (vef) 0.98 (0.88, 1.08) 0.92(0.83,1.03) 0.06
Prostate cancer in men
Incidence per 100000 person-years 487.0 509.7 457.8 —
Model 1, HR (95% CI)® 1 (vef) 1.22(1.12, 1.32)** 1.29 (1.19, 1.40)** <0.001
Model 2, HR (95% CI)® 1 (vef) 1.11 (1.02, 1.20)* 1.13 (1.03, 1.23)** 0.040
Model 3, HR (95% CI)¢ 1 (ref) 1.10 (1.01, 1.19)* 1.11 (1.02, 1.21)* 0.08
Stomach cancer
Incidence per 100000 person-years 28.0 14.3 11.2 —
Model 1, HR (95% CI)® 1 (vef) 0.57 (0.45, 0.71)** 0.51 (0.40, 0.66)** <0.001
Model 2, HR (95% CI)¢ 1 (ref) 0.81 (0.63, 1.03) 0.87 (0.66, 1.16) 0.69
Model 3, HR (95% CI)d 1 (ref) 0.80 (0.62, 1.02) 0.86 (0.65, 1.14) 0.63

Abbreviations: CI, confidence interval; HR, hazard ratio.
*p <0.05, ¥*p <0.01.

2The p value for linear trend was calculated using walking speed as an ordinal variable (slow=1, average =2, brisk =3).

YModel 1: adjusted for age and sex.

“Model 2: model 1 + height, body mass index, baseline assessment centre, ethnicity, education, deprivation, smoking, alcohol consumption, physical activity, and family

history of cancer.
4Model 3: model 2 +grip strength.

When stratified by cancer types in the UK Biobank, we found that
a faster walking speed was associated with a significantly reduced
risk of lung cancer. This association also remained essentially un-
changed when we removed the first 3years of follow-up, and thus,
it is unlikely explained by reverse causation. This is consistent
with the findings from a recent Mendelian randomization study,
which suggested that genetically predicted walking frequency

and pace are associated with lower risk of lung cancer [17]. The
strong association between walking speed and lung cancer could
be explained by the improved cardiorespiratory fitness in brisk
walkers that reduces their risk of developing lung cancer [38].
Moreover, treadmill training can particularly improve lung func-
tion among various exercises [39]. However, similar to previous
findings on physical activity and lung cancer [2], this association
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was statistically significant only for ever-smokers but not never-
smokers. This could be partly due to residual confounding by
smoking habits, or that the pathogenesis of lung cancer is different
in smokers versus never-smokers [2].

On the other hand, we found a somewhat unexpected increased
risk of prostate cancer associated with a brisk walking pace in
the UK Biobank, although this association was not statistically
significant after correction for multiple testing. Similar findings
have also been reported in the literature, where leisure-time

TABLE 3 | Association between timed walking speed and risk of
any cancer in the Hong Kong Osteoporosis Study.

Any cancer <1.0m/s >1.0m/s
Incidence per 100000 1483.4 587.7
person-years

Model 1, HR (95% CI)? 1 (ref) 0.56 (0.32, 0.98)*
Model 2, HR (95% CI)® 1 (ref) 0.52(0.29, 0.92)*
Model 3, HR (95% CI)® 1 (ref) 0.55(0.31, 0.98)*

Abbreviations: CI, confidence interval; HR, hazard ratio; SD, standard deviation.
*p<0.05.

aModel 1: adjusted for age and sex.

®Model 2: model 1+ height, body mass index, ethnicity, education, smoking,
alcohol consumption, physical activity, and family history of cancer.

“Model 3: model 2 + grip strength.

physical activity has been linked to a higher incidence of pros-
tate cancer [2]. Similarly, physical frailty [33] and higher bio-
logical age [34] have been associated with a lower incidence of
prostate cancer. The observed association for prostate cancer
may be influenced by a screening bias, as younger and healthier
men are more likely to attend prostate-specific antigen screen-
ing tests, leading to a higher rate of detecting nonadvanced pros-
tate cancer [2]. This was also seen from our subgroup analysis,
where we found an effect modification by age and a significant
association between walking pace and prostate cancer only in
younger adults, but not in older adults aged 65years or above.

4.1 | Strengths and Limitations

The main strengths of this study include the use of two diverse
prospective cohorts with multiple ethnic groups, a relatively long
follow-up period, and the inclusion of both self-reported and timed
measures of walking speed to validate our findings. The large
sample size in the UK Biobank also allowed adequate statistical
power to examine various cancer subtypes as well as conducting
subgroup analyses. However, it is important to acknowledge sev-
eral limitations. The UK Biobank is a relatively healthy cohort
with lower cancer incidence compared to the general UK pop-
ulation [40]. Similarly, the HKOS primarily consists of women
and healthy individuals without major diseases affecting bone
and mineral metabolism [19]. As such, our findings may not be

TABLE 4 | Mediation analysis for the association between self-reported walking speed and any cancer, for biomarkers of inflammation and lipid

metabolism in the UK Biobank.

Proportion
Total effect?, Pure natural direct Total natural indirect mediatedd,
Mediators HR (95% CI) effect’, HR (95% CI) effect®, HR (95% CI) % (95% CI)

Brisk vs. slow

CRP

WBC count
Total cholesterol
LDL cholesterol
Glucose

All five

Average vs. slow
CRP

WBC count
Total cholesterol
LDL cholesterol
Glucose

All five

0.87 (0.84, 0.90)
0.87 (0.84, 0.90)
0.87 (0.85, 0.90)
0.87(0.83,0.91)
0.87 (0.84, 0.91)
0.87(0.85, 0.91)

0.91 (0.88, 0.94)
0.91 (0.88, 0.94)
0.91 (0.88, 0.94)
0.91 (0.89, 0.94)
0.91 (0.89, 0.95)
0.91 (0.89, 0.95)

0.88 (0.85,0.91)
0.89 (0.86, 0.92)
0.88 (0.86, 0.91)
0.88 (0.85, 0.92)
0.88 (0.85, 0.91)
0.91 (0.88,0.94)

0.92 (0.89, 0.95)
0.92 (0.89, 0.95)
0.92 (0.89, 0.95)
0.92 (0.90, 0.95)
0.92 (0.89, 0.95)
0.94 (0.91, 0.97)

0.99 (0.99, 0.99)
0.98 (0.98, 0.99)
0.99 (0.98, 0.99)
0.99 (0.99, 0.99)
1.00 (0.99, 1.00)
0.97 (0.96, 0.97)

0.99 (0.99, 0.99)
0.99 (0.99, 0.99)
0.99 (0.99, 0.99)
0.99 (0.99, 0.99)
1.00 (1.00, 1.00)
0.97 (0.97, 0.98)

6.4 (4.4,8.7)
11.4 (8.4,17.1)
9.3(7.1,12.9)
8.3(6.1,11.9)
0.9 (0.0, 2.0)

25.9 (19.5, 37.2)

8.1(5.3,13.3)

10.7 (7.2, 17.6)
12.4 (8.5, 18.6)
12.0 (8.2, 18.5)

1.3(0.1,2.8)
27.1(19.8, 47.5)

Note: The mediators were modelled as continuous variables (per standard deviation increase). All the models were adjusted for age, sex, height, body mass index,
baseline assessment centre, ethnicity, education, deprivation, smoking, alcohol consumption, physical activity, family history of cancer, and grip strength.
Abbreviations: CI, confidence interval; CRP, C-reactive protein; HR, hazard ratio; LDL, low-density lipoprotein; WBC, white blood cell.

295% ClIs for the total effect were estimated using bootstrapping (n =200) and were slightly different from that in Table 2.

YPure natural direct effect represents the association between walking speed and any cancer that is independent of the mediator(s).

“Total natural indirect effect represents the association between walking speed and any cancer that is mediated by the mediator(s).

dCalculated as the ratio of total natural indirect effect to total effect.
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fully generalizable to the general population. Besides, due to the
relatively small sample size in the HKOS, there were only a few
incident cases for specific cancers such as colorectal, prostate,
and stomach cancer, and we lack statistical power to perform
additional subgroup and threshold effect analyses in the HKOS.
Further studies are therefore needed to replicate the observed as-
sociation between walking speed and specific cancers, and test the
optimal cut-off point for walking speed that can best predict can-
cer risks. Finally, as in other observational studies, while we have
controlled for a range of sociodemographic and lifestyle factors in
our analysis, our results could still be biased by unmeasured and
residual confounding and therefore do not infer causality.

5 | Conclusion

The present study provides new evidence that a faster walking
speed, whether subjectively reported or objectively measured,
is associated with a reduced risk of developing any cancer and
lung cancer, independently of physical activity level and grip
strength. Biomarkers of inflammation and lipid metabolism me-
diated approximately one-fourth of the association, indicating
that lower inflammation and improved lipid profiles may be po-
tential mechanisms mediating this relationship. While further
research is needed to replicate these findings in diverse popula-
tions, our results suggest that, in addition to emphasizing on the
amount or duration of walking, increasing walking speed could
provide additional benefits in reducing cancer risk, potentially
by improving immune and metabolic functions.
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