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ABSTRACT

1

Table 1. Cohort characteristics by walking pace

Overall

Slow
(<3 miles.h-1)

Walking pace
Average
(3-4 miles.h-1)

Brisk
(>4 miles.h-1)

Socio-demographics
Total n
Sex (females), n(%)
Age (years), mean (SD)
Deprivation index tertile, n (%)
Lower (Less deprived)
Middle
Higher (Most deprived)
Ethnicity
Whites
Others/mixed
South Asians
Blacks
Chinese
Employment status
Employed
Retired
Looking after home/family
Unable to work
Unemployed
Voluntary work
Student
Smoking status, n (%)
Never
Previous
Current
Obesity-related markers
BMI (kg.m-2), mean (SD)
BMI Categories, n (%)
Underweight (<18.5 kg.m-2)
Normal weight (18.5-24.9 kg.m-2)
Overweight (25.0 to 29.9 kg.m-2)
Obese (≥30.0 kg.m-2)
Waist Circumference (cm), mean
(SD)
Central Obesity, n (%)
% Body fat, mean (SD)
Fitness and Physical activity
Fitness (METs), mean (SD)
Grip strength (Kg), mean (SD)
Time spent walking (min.day-1),
mean (SD)
Moderate intensity PA (min.day-1),
mean (SD)
Vigorous intensity PA (min.day-1),
mean (SD)
Total PA (METs.min.week-1), mean
(SD)
Physical inactivity, n (%)
TV-viewing (h.day-1)
Dietary intakes
Alcohol intake (% of TE), mean (SD)
Fruit
&
Vegetables
intake
(portion.day-1), mean (SD)
Oily fish (portion.day-1), mean (SD)

318,185

14,793

164,236

139,156

174,006 (54.7)
56.0 (8.14)

8,483 (57.3)
58.2 (7.73)

89,847 (54.7)
56.8 (8.08)

75,676 (54.4)
54.9 (8.11)

109,884 (34.5)
108,397 (34.1)
99,904 (31.4)

3,511 (23.7)
4,465 (30.2)
6,817 (46.1)

55,566 (33.8)
56,017 (34.1)
52,653 (32.1)

50,807 (36.5)
47,915 (34.4)
40,434 (29.1)

302,067 (94.9)
4,614 (1.5)
5,655 (1.8)
4,871 (1.5)
978 (0.3)

13,090 (88.5)
425 (2.9)
721 (4.9)
447 (3.0)
110 (0.7)

154,468 (94.1)
2,607 (1.6)
3,595 (2.2)
2,930 (1.8)
636 (0.3)

134,509 (96.7)
1,582 (1.1)
1,339 (1.0)
1,494 (1.1)
232 (0.1)

193,277 (60.7)
102,224 (32.1)
9,524 (3.0)
5,588 (1.8)
5,133 (1.6)
1,518 (0.5)
921 (0.3)

5,521 (37.3)
6,238 (42.2)
476 (3.2)
2,090 (14.1)
352 (2.4)
60 (0.4)
56 (0.4)

94,593 (57.6)
58,070 (35.4)
4,905 (3.0)
2,572 (1.6)
2,899 (1.8)
760 (0.4)
437 (0.2)

93,163 (67.0)
37,916 (27.3)
4,143 (3.0)
926 (0.6)
1,882 (1.3)
698 (0.5)
428 (0.3)

180,226 (56.6)
107,853 (33.9)
30,106 (9.5)

7,256 (49.1)
5,344 (36.1)
2,193 (14.8)

90,937 (55.4)
56,856 (34.6)
16,443 (10.0)

82,033 (59.0)
45,653 (32.8)
11,470 (8.2)

27.0 (4.50)

30.9 (6.26)

27.8 (4.55)

25.7 (3.71)

1,594 (0.5)
111,470 (35.0)
137,007 (43.1)
68,114 (21.4)
89.2 (13.0)

51 (0.3)
2,309 (15.6)
5,019 (33.9)
7,414 (50.2)
98.3 (14.9)

549 (0.3)
45,855 (27.9)
73,907 (45.0)
43,925 (26.8)
91.1 (12.9)

994 (0.7)
63,306 (45.5)
58,081 (41.7)
16,775 (12.1)
86.0 (11.9)

96,080 (30.2)
30.9 (8.43)

8,861 (59.9)
36.0 (9.25)

60,191 (36.7)
32.1 (8.41)

27,028 (19.4)
28.9 (7.84)

9.72 (2.77)
31.1 (10.9)
53.2 (56.2)

8.33 (2.48)
26.4 (11.0)
43.3 (50.0)

9.32 (2.67)
30.5 (10.9)
53.5 (57.3)

10.3 (2.79)
32.3 (10.8)
53.9 (55.5)

45.0 (54.8)

40.9 (52.0)

45.1 (55.1)

45.2 (54.7)

21.1 (27.4)

18.8 (28.2)

20.3 (27.4)

22.1 (27.3)

2,860.7
(3,052.4)
39,360 (17.1)
2.67 (1.49)

2,053.6
(2,503.5)
2,214 (25.5)
3.45 (1.96)

2,774.4
(3,012.1)
21,231 (18.3)
2.83 (1.49)

3,048.4
(3,133.2)
15,915 (15.2)
2.40 (1.37)

5.27 (6.50)
338.4 (1.93.0)

4.30 (6.68)
328.8 (216.9)

5.14 (6.59)
327.4 (190.8)

5.47 (6.39)
352.4 (192.1)

1.66 (0.92)

1.57 (0.98)

1.63 (0.92)

1.71 (0.92)

Processed meat intake (portion.day1), mean (SD)
Red meat intake (portion.day-1),
mean (SD)
Health status
Diabetes, n (%)
Systolic blood pressure (mmHg),
mean (SD)
CVD medication, n (%)
Health self-rating, n (%)
Excellent
Good
Fair
Poor

1.84 (1.06)

1.97 (1.12)

1.91 (1.05)

1.76 (1.06)

2.08 (1.41)

2.23 (1.63)

2.13 (1.42)

2.00 (1.37)

12,449 (3.9)
137.6 (18.6)

1,771 (12.0)
140.3 (18.7)

7,665 (4.7)
138.9 (18.7)

3,013 (2.2)
135.9 (18.4)

73,389 (23.1)

6,399 (43.2)

43,223 (26.3)

23,767 (17.1)

61,704 (19.4)
194,547 (61.1)
54,972 (17.3)
6,962 (2.2)

554 (3.8)
5,374 (36.3)
6,224 (42.1)
2,641 (17.8)

23,028 (14.0)
103,870 (63.2)
34,116 (20.8)
3,222 (2.0)

38,122 (27.4)
85,303 (61.3)
14,632 (10.5)
1,099 (0.8)

BMI body mass index; PA physical activity; MET metabolic-equivalent; TE total energy. SD standard deviation;
n number; CVD cardiovascular disease; COPD chronic obstructive pulmonary disease. * Fitness data was
available for n=67,322 participants.

24

Purpose - Walking pace is associated with all-cause and cardiovascular disease (CVD)

25

mortality. Whether this association extends to other health outcomes and whether it is

26

independent of total amount of time walked are currently unknown. Therefore, the aim of this

27

study was to investigate whether usual walking pace is associated with a range of health

28

outcomes.

29

Methods – 318,185 UK Biobank participants (54% women) aged 40-69 years were included.

30

Walking pace and total walking time were self-reported. The outcomes comprised: all-cause

31

mortality as well as incidence and mortality from cardiovascular disease (CVD), respiratory

32

disease and cancer. The associations were investigated using Cox proportional hazard models.

33

Results - Over a mean of 5.0 years [ranging from 3.3 to 7.8], 5,890 participants died, 18,568

34

developed CVD, 5,430 respiratory disease and 19,234 cancer. In a fully adjusted model,

35

compared to slow pace walkers, men and women, respectively, with a brisk pace having lower

36

risk of mortality from all-causes (HR0.79 [95% CI: 0.69; 0.90] and 0.73 [95% CI: 0.62; 0.85]),

37

CVD (HR 0.62 [0.50; 0.76] and 0.80 [0.73; 0.88]), respiratory disease (HR 0.58 [95% CI 0.43;

38

0.78] and 0.66 [0.57; 0.77]), COPD (HR 0.26 [95% 0.12; 0.56] and 0.28 [0.16; 0.49]). No

39

associations were found for all-cause cancer, colorectal, breast cancer. However, brisk walking

40

was associated with a higher risk of prostate cancer.

41

Conclusions: Walking pace is associated with lower risk of a wide range of important health

42

conditions, independently of overall time spent walking.

43

Keywords: Mortality; cardiovascular, cancer, walking, walking pace, UK biobank

44

2

45

Introduction

46

Current physical activity guidelines recommend at least 150 minutes of moderate intensity, or

47

75 minutes high intensity, physical activity per week for all adults [1]. However, around one

48

third of the adult population worldwide do not meet these recommendations [2]. This

49

observation highlights the difficulty many people have incorporating physical activity

50

recommendations into their daily lives in a sustainable way [3]. Lack of time is frequently cited

51

as the primary barrier to meeting the current recommendations [4].

52

Walking is the most common form of physical activity that adults perform, and is acceptable

53

and accessible to almost the entire population [5]. A meta-analysis of randomised controlled

54

trials found that increased walking time led to increased fitness and decreased body weight,

55

body mass index (BMI), percentage body fat and systolic blood pressure in adults [6]; all well

56

known risk factors for premature mortality and morbidity [7]. Previous smaller studies, mostly

57

conducted on older adults, found an inverse association between objectively assessed walking

58

pace and all-cause mortality [8-10]. Recent analysis of UK Biobank data found that self-

59

reported walking pace was strongly associated with both all-cause and CVD mortality; indeed

60

the risk associated with walking at <3 miles per hour, compared with 4 miles per hour, was

61

stronger than for smoking [7, 11]. However these previous studies did not investigate whether

62

the associations with walking pace vary with, and are independent of, time spent walking or

63

whether dose response relationships are present. Furthermore, they did not investigate

64

associations of walking pace with a wider range of health outcomes, such as respiratory disease

65

and cancer sub-types. Therefore, the aim of this study was to investigate, in a large, prospective

66

population-based cohort of middle age and older adults, the associations between usual walking

67

pace and a range of cardiovascular, respiratory and cancer health outcomes. A secondary aim

3

68

was to explore whether there were dose relationships or threshold effects, and whether the

69

associations varied with, and were independent of, total time spent walking.

70
71

METHODS

72

Between April 2007 and December 2010, UK Biobank recruited 502,628 participants (5.5%

73

response rate), aged 40-69 years from the general population [12-15]. However, only 318,185

74

with full data available were included in this study. Participants attended one of 22 assessment

75

centres across England, Wales and Scotland [12-15] where they completed a touch-screen

76

questionnaire, had physical measurements taken and provided biological samples, as described

77

in detail elsewhere [12-15]. All-cause mortality and CVD, respiratory disease, chronic

78

obstructive pulmonary disease (COPD) and cancer mortality and incidence were the main

79

outcomes; and walking pace (slow, average and brisk) was the exposure of interest.

80

Sociodemographic factors (age, sex, ethnicity, employment status and area-based deprivation),

81

lifestyle factors (smoking status, self-reported discretionary screen time, total physical activity,

82

grip strength and dietary intake), health related parameters (systolic blood pressure, diabetes,

83

medication for CVD, and self-reported health rating), body mass index and month of

84

recruitment were treated as potential confounders. To minimise potential reverse causality, i.e.

85

those that are less well are not able to walk as fast, all analyses were conducted using landmark

86

analysis excluding events occurring in the first 2 years of follow-up. Furthermore participants

87

with baseline medical diagnoses of depression, COPD, chronic asthma, chronic liver diseases,

88

alcohol problems, substance abuse, eating disorders, schizophrenia, cognitive impartment,

89

Parkinson’s disease, dementia, chronic pain syndrome, heart diseases, diabetes and cancer were

90

excluded (n= 71,026). Those who reported being unable to walk (n=1,929) or those who did

91

not answer these questions were also excluded from the study (n=7,669).
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92

Procedures

93

Date of death was obtained from death certificates held by the National Health Service (NHS)

94

Information Centre (England and Wales) and the NHS Central Register Scotland (Scotland).

95

Date and cause of hospital admissions were identified via record linkage to Health Episode

96

Statistics (HES) (England and Wales) and to the Scottish Morbidity Records (SMR01)

97

(Scotland). Detailed information regarding the linkage procedure can be found at

98

http://www.ic.nhs.uk/services/medical-research-information-service. At the time of analysis,

99

mortality data were available up to 31 January 2016. Mortality analysis was therefore censored

100

at these dates or date of death if this occurred earlier. Hospital admission data were available

101

until 31 March 2015, resulting in disease specific analyses being censored at this date, or the

102

date of hospital admission or death if these occurred earlier. Follow-up information on cancer

103

was obtained via linkage to three routine administrative databases, death certificates, hospital

104

admissions and cancer registrations, with complete follow-up available until 31 March 2015.

105

Incident CVD was defined as a hospital admission or death with ICD10 code I60, I61, I63, I64,

106

I21, I21.4 or I21.9; respiratory disease was defined as ICD10 code J09-J98 or I26-I27 and

107

chronic obstructive pulmonary disease (COPD) was defined as ICD10 code J44. All-cause

108

cancer was defined as an ICD code of C0.0-C9.9, D3.7-9 or D4.0-8. Cause-specific cancers

109

were defined using the following ICD10 codes: breast cancer (C50), prostate cancer (C61),

110

lung cancer (C34) and colorectal cancer (C18, C19 and C20).

111

Walking pace was self-reported using a touch-screen questionnaire completed at the baseline

112

visit. The participants who indicated they were able to walk were asked "How would you

113

describe your usual walking pace?” and they could choose one of the following: slow pace

114

defined as <3 miles per hour; average pace defined as 3-4 miles per hour; and brisk pace defined

115

as >4 miles per hour. Physical activity was based on self-report, using the IPAQ short form,

116

and total physical activity was computed as the sum of walking, moderate and vigorous
5

117

activity, measured as metabolic equivalents (MET-hours.week-1) [16]. A proxy measure of

118

total discretionary time spent in screen-related behaviours (TV-viewing and PC-screen) was

119

calculated. Participants were asked "In a typical day, how many hours do you spend watching

120

TV, doing PC screening or driving during your leisure time?”, and this combined figure was

121

used as a proxy for discretionary sedentary measure (expressed as hours per week). Age- and

122

sex-specific walking categories were derived from total walking minutes (from IPAQ) per day

123

(cut-off points are presented in Supplementary Table 1). Grip strength was assessed using a

124

Jamar J00105 hydraulic hand dynamometer and the mean of the three measurements for each

125

hand were used, grip strength was expressed as kg [17]. Fitness was measured in a subset of

126

the cohort (n=67,700) using a previously validated 6-minute incremental ramp cycle ergometer

127

test, as described previously [18].

128

Dietary information was collected via the Oxford WebQ; a web-based 24-hour recall

129

questionnaire which was developed specifically for use in large population studies [19, 20].

130

Area-based socioeconomic status was derived from postcode of residence, using the Townsend

131

score [21]. Age was calculated from dates of birth and baseline assessment. Smoking status

132

was self-reported as never, former or current smoking. Employment status, self-health rating

133

(excellent, good, average and bad) was self-reported. Medical history (physician diagnosis of

134

illness) was collected using the self-completed, baseline questionnaire. Height and body weight

135

were measured by trained nurses during the initial assessment centre visit. Body mass index

136

(BMI) was calculated as (weight/height2) and the WHO criteria applied to classify BMI into:

137

underweight <18.5, normal weight 18.5-24.9, overweight 25.0-29.9 and obese ≥30.0 kg.m-2

138

[22]. Waist circumference was used to derive central obesity: ≥88 cm for women and ≥102 cm

139

for men [22]. Body composition (body fat and fat free mass) were measured using bio-

140

impedance (Tanita BC418MA) by trained nurses. Further details of these measurements can

141

be found in the UK Biobank online protocol (http://www.ukbiobank.ac.uk).
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142
143

Statistical analyses

144

The associations between walking pace and health outcomes were investigated using separate

145

Cox-proportional hazard models using slow walking pace as the reference group. Results are

146

reported as hazard ratios, together with 95% confidence intervals. A hazard ratio for trend was

147

estimated by fitting walking pace as ordinal variable into the model (0=slow pace, 1=average

148

pace and 3=brisk pace), the trend hazard ratio indicate the hazard equivalent to moving one

149

category up in walking pace. The models for disease specific outcomes were conducted

150

excluding participants with the relevant disease at baseline (as mentioned earlier). Moreover,

151

we excluded from all analysis individuals who reported comorbidities which could affect

152

walking pace and time spent walking or those with missing data and those who reported being

153

unable to walk were excluded from the analyses.

154

For each outcome, we ran three models included an increasing number of covariates: Model 1

155

- included month of recruitment and sociodemographic covariates (age, sex, ethnicity,

156

deprivation index and employment status); Model 2 - was also adjusted for systolic blood

157

pressure, medication for CVD, self-health rating and BMI categories; and Model 3 - was also

158

adjusted for smoking, discretionary screen time, dietary intake (alcohol, red meat, processed

159

meat, oily fish, processed meat and fruit and vegetables), handgrip strength and total physical

160

activity (this variable was replaced by moderate-to-vigorous physical activity when the

161

interaction between walking pace and walking time tertiles was investigated).

162

Tertiles of time spent walking daily were derived for age, sex strata (see Table, Supplemental

163

Digital Content 1, age- and sex-specific cut-offs). To investigate whether the association

164

between walking pace and health outcomes differed by time spent walking, a multiplicative

7

165

interaction term between walking pace and walking tertiles was fitted into our models for each

166

outcome.

167

The proportional hazards assumption was checked by tests based on Schoenfeld residuals. All

168

analyses were performed using STATA 14 statistical software (StataCorp LP).

169
170

Ethical Approval

171

The UK Biobank study was approved by the North West Multi-Centre Research Ethics

172

Committee and all participants provided written informed consent to participate in the UK

173

Biobank study.

174
175

Results

176

The 2-year landmark analyses and exclusion of individuals with major comorbidities at

177

baseline meant 318,185 participants were included in the analyses. The mean follow-up period

178

for all-cause and cause-specific mortality was 5.0 years [ranging from 3.3 to 7.8] and 4.1 years

179

[ranging from 2.4 to 7.0] for cause-specific incidence. Over the follow-up period, 18,568

180

(5.8%) participants developed CVD, 5,430 (1.7%) respiratory disease and 19,234 (6.0%)

181

cancer, and 5,890 (1.9%) participants died (1,761 (0.6%) from CVD, 878 (0.3%) from

182

respiratory disease and 3,687 (1.2%) from cancer.

183
184

The characteristics of participants by walking pace category are summarised in Table 1.

185

Compared with individuals who walked slowly, brisk walkers were less deprived and had a

186

lower prevalence of smoking and obesity. They had lower BMI, waist circumference and

187

percentage body fat, and lower intake of processed and red meat, but higher intake of alcohol,

8

188

oily fish, fruit and vegetables. They also had higher levels of physical activity, fitness and

189

muscle strength and lower levels of discretionary screen time (Table 1). The cohort

190

characteristics stratified by sex are presented (see Table, Supplemental Digital Content 2,

191

baseline characteristics by walking pace in women and Table, Supplemental Digital Content 3,

192

baseline characteristics by walking pace in men).

193
194

Overall, our analyses taking detailed account of the above confounders, suggest that both

195

average and brisk walking pace were associated with a lower hazard for all-cause, CVD,

196

respiratory disease and COPD mortality in both men and women, compared to slow walking

197

pace (Figure 1). The hazard ratios for health outcomes mortality, both minimally and fully

198

adjusted, are presented (see Table, Supplemental Digital Content 4, walking pace and mortality

199

in women, and Table, Supplemental Digital Content 5, walking pace and mortality in men). In

200

summary, the fully adjusted hazard per one category increment in walking pace was 0.91 [95%

201

CI: 0.85; 0.98] and 0.90 [95% CI: 0.85; 0.95], for all-cause mortality in women and men,

202

respectively. The magnitude of the association was stronger for CVD (Women 0.71 [95% CI:

203

0.61; 0.83]; Men 0.81 [95% CI: 0.73; 0.90]), respiratory (Women 0.72 [95% CI: 0.58; 0.89];

204

Men 0.76 [95% CI: 0.66; 0.88]), and COPD (Women 0.19 [95% CI: 0.08; 0.45]; Men 0.49

205

[95% CI: 0.33; 0.73]), compared to all-cause mortality per one category increment in walking

206

pace, as shown in Figure 1).

207
208

Similar results were observed for cause-specific incidence, except for prostate cancer for a

209

higher hazard was observed in those reporting either average or brisk walking pace (Figure 2).

210

The hazard ratios for health outcomes incidence, both minimally and fully adjusted, are

211

presented (see Table, Supplemental Digital Content 6, walking pace and incidence in women,

212

and Table, Supplemental Digital Content 7, walking pace and incidence in men). In our fully

9

213

adjusted model, the hazards per one category increment in walking pace were 0.92 [95% CI:

214

0.88; 0.96] and 0.94 [95% CI: 0.91; 0.97], for CVD incidence in women and men, respectively.

215

Similar trend swere observed for all-respiratory disease incidence (Women 0.84 [95% CI: 0.78;

216

0.90]; Men 0.84 [95% CI: 0.79; 0.89]), and COPD (Women 0.54 [95% CI: 0.42; 0.70]; Men

217

0.60 [95% CI: 0.48; 0.74]) per one category increment in walking pace, as shown in figure 2.

218

However, the hazard for prostate cancer risk was 1.10 [95% CI: 1.02; 1.19]) per one category

219

increment in walking pace.

220
221

When the associations between walking pace and health outcomes were stratified by walking

222

time tertiles (expressed as min.day-1), significant interactions were found for all-cause mortality

223

but not for CVD, respiratory disease, and all-cancer incidence and mortality (Figure 3 and 4

224

and see Table, Supplemental Digital Content 8, walking pace tertiles and mortality in women,

225

and Table, Supplemental Digital Content 9, walking pace tertiles and mortality in men)). Our

226

findings show that, compared to those reporting brisk walking pace and who were classified in

227

the higher walking time category, individuals who reported slow walking pace were at higher

228

risk for all-cause mortality if they were classified in the middle or lower walking time

229

categories. However, for CVD and respiratory incidence and mortality, those who reported a

230

slow pace were at higher risk for these health outcomes regardless if they were classified in the

231

higher, middle or lower walking time categories. Interestingly, those who were in the middle

232

or lower walking time tertiles were not at higher risk for these outcomes if they reported brisk

233

walking pace (Figure 3 and 4). These trends were not observed for cancer mortality or

234

incidence. All these findings were independent of major confounding factors.

235
236

DISCUSSION

10

237

Usual walking pace was associated with a range of health outcomes that extended beyond CVD

238

and all-cause mortality, to all-respiratory diseases and COPD in both men and women. The

239

associations demonstrated were independent of measured confounders; most notably total

240

physical activity. Our findings also show that those reporting normally walking at a slow pace

241

had higher hazard for all-cause mortality and CVD and respiratory incident and mortality

242

regardless the time spent walking. Future research, with appropriately designed randomised-

243

controlled trials, is needed to determine if the current observations reflect a causal association

244

and if so these findings could have import implications for physical activity recommendations.

245
246

Comparison with previous studies

247

The current finding of an inverse association between self-reported usual walking pace and all-

248

cause and CVD mortality is consistent with previous studies [8, 23-31]. The majority of these

249

previous studies have, however, been carried out in older people and looked at maximal

250

walking pace [23, 24, 31-33] making the findings less relevant for the general population.

251

Previous studies carried out over a wider age range have generally been small or modest in size

252

(1,255 – 38,981 participants) [9, 25, 26, 30] and have involved studies of recreational walkers

253

[25] and CVD patients [26, 30]. Two recent studies by Yates et al.,[11] and Ganna and

254

Ingelsson [7], using UK Biobank data found that walking pace was a stronger predictor of all-

255

cause and CVD mortality, indicating that this measure, that can be simply obtained by verbal

256

interviews without physical examination, is a stronger predictor of mortality. The current study,

257

in a well characterised and large cohort, confirms that a slow walking pace is associated with

258

an increased all-cause and CVD mortality and extends these findings with novel data to

259

demonstrate that an average (3-4 miles.hour-1) or brisk walking pace (>4 miles.hour-1) is

260

associated with a lower risk of COPD and all-cancer mortality whilst a brisk walking pace is

261

associated with a lower risk of lung cancer mortality and incidence. Surprisingly an average
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262

and brisk walking pace were also associated with an increased risk of prostate cancer incidence,

263

but not mortality. Previously positive associations between prostate cancer incidence and

264

physical activity (or fitness a surrogate of total physical activity) has been reported in some

265

[34, 35] but not all [36] studies. The exact reasons behind these observations are unknown, but

266

differences in health-seeking behaviours, may be a contributing factor [34]. For example, it has

267

been postulated that health-conscious men (who are more likely to walk briskly), may be more

268

likely to attend screening or report symptoms leading to increased detection of early cancers

269

and improved prognosis [34].

270

We have extended the findings that slow walking pace is associated with increased risk of poor

271

health outcomes by also demonstrating, that this association is present regardless of the amount

272

of total time spent walking. Not only were those reporting a slow walking pace at higher risk

273

for all-cause, CVD and respiratory incidence and mortality compared to those reporting brisk

274

walking pace but the incidence and mortality risk was the same in those reporting brisk walking

275

across all three walking time categories. Taken together, this indicates that the pace at which

276

walking is habitually carried out maybe more important for health outcomes than the total

277

amount of time spent walking, although it is worth pointing out that whilst we have carried out

278

robust statistical adjustment here we cannot rule out reverse causality (i.e. those that are less

279

well are not able to walk as fast) even though we tried to minimise this in our landmark analyses

280

and by taking out all individuals with long standing illness. These findings are, however,

281

similar to those reported in the Caerphilly study where only leisure activity classified as heavy

282

or vigorous was associated with a reduced risk of CVD mortality [37], although this study was

283

confined to middle-aged men and included all forms of activity, with the current study focused

284

on walking only. Appropriately designed randomised controlled trials are needed to determine

285

if these findings are causal.

286
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287

Implications of findings

288

Walking is frequently recommended as a tool to increase physical activity levels as it is free

289

and generally accessible to all, but currently the primary focus has been to increase the time

290

spent or the number of steps walked [38, 39] with the pace of walking often receiving less

291

focus. If future trials confirm the findings of the current study this may indicate that whilst

292

strategies to increase total walking time, which is currently the primary focus, will be of benefit

293

it may be prudent to also ensure promotion of a brisk walking pace, where the individual is

294

capable, to further enhance the benefits of walking. On the other hand, if these findings are

295

shown not to be causal, the data indicates that self-reported walking pace may be a useful tool

296

too indicate sub-clinical illness which may progress to poorer health outcomes.

297
298

Strengths and limitations

299

The UK Biobank is reasonably representative of the general population in terms of age, sex,

300

ethnicity and socioeconomic status but is unrepresentative in terms of lifestyle [40]. Therefore,

301

caution is needed in generalising summary statistics to the general population, but estimates of

302

the magnitude of the associations are, nevertheless, generalisable. Participants were more likely

303

to be older, to be women, and to live in less socioeconomically deprived areas; were less likely

304

to be obese, to smoke, or to drink alcohol on a daily basis; and had fewer self-reported health

305

outcomes. Rates of all-cause mortality and incidence of cancer were also lower.[41, 42]. This

306

does not detract from the ability to generalize estimates of the magnitude of associations. Our

307

study benefited from a very large number of participants, recruited from the general population,

308

across the whole of the UK. We had sufficient power to undertake subgroup analyses by sex,

309

which overcomes limitations from previous evidence. Reverse causality is possible in any

310

observational study; however, when participants with existing disease diagnosed at baseline

311

were removed from the analysis the associations remained significant. Moreover, our results

13

312

were broadly similar after a landmark analysis was conducted removing all events that occurred

313

within the first two years of follow up. Walking pace was self-reported and, to our knowledge,

314

the question used has not previously been validated. Although prevalent disease and

315

comorbidities at baseline were self-reported, these self-reports were of physician diagnosed

316

disease.

317
318

In conclusion, the current data has demonstrated that, irrespective of total walking time, a faster

319

walking pace is associated with lower risk of a wide range of health outcomes. The findings

320

require determination of causality in appropriately designed trials, but could have important

321

implications for physical activity recommendations. They tentatively imply guidelines should

322

encourage people to increase their walking pace (if low to begin with), rather than simply

323

focusing on total time spent walking. As lack of time is the most commonly cited barrier to

324

increasing activity levels; brisk walking of shorter duration may be easier to accommodate into

325

busy schedules and the benefits may be greatest among those failing to meet the current

326

recommendations.

327
328

ACKNOWLEDGEMENTS

329

We are grateful to UK Biobank participants. This research has been conducted using the UK

330

Biobank Resource under Application Number 7155. The UK Biobank was supported by the

331

Wellcome Trust, Medical Research Council, Department of Health, Scottish Government and

332

the Northwest Regional Development Agency. It has also had funding from the Welsh

333

Assembly Government and the British Heart Foundation. The research was designed,

334

conducted, analysed and interpreted by the authors entirely independently of the funding

335

sources. The results of the study are presented clearly, honestly, and without fabrication,

14

336

falsification, or inappropriate data manipulation, and statement that results of the present study

337

do not constitute endorsement by ACSM.

338
339

AUTHOR CONTRIBUTIONS

340

CCM, SG, FP, JPP, NS, JMRG contributed to the conception and design of the study, advised

341

on all statistical aspects and interpreted the data. CCM, SG and FP performed the statistical

342

analyses. CCM, SG, FP, JMRG, JPP and NS drafted the manuscript. All authors reviewed the

343

manuscript and approved the final version to be published. CCM, SG, JPP, NS and JMRG had

344

full access to all the data in the study and take responsibility for the integrity of the data and

345

the accuracy of the data analysis.

346
347

CONFLICT OF INTEREST

348

The authors declare that they have no conflict of interest.

349

15

350

REFERENCES

351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398

1.
WHO. Global recommendations on physical activity for health. World Health Organization,
2010. Available: http://www.who.int/dietphysicalactivity/publications/9789241599979/en/
2.
Hallal PC, Andersen LB, Bull FC, Guthold R, Haskell W, Ekelund U. Global physical activity
levels: surveillance progress, pitfalls, and prospects. Lancet. 2012;380(9838):247-57. doi:
10.1016/S0140-6736(12)60646-1
3.
Darker CD, French DP, Eves FF, Sniehotta FF. An intervention to promote walking amongst
the general population based on an 'extended' theory of planned behaviour: A waiting list
randomised controlled trial. Psychology & Health. 2010;25(1):71-88. doi:
10.1080/08870440902893716
4.
Trost SG, Owen N, Bauman AE, Sallis JF, Brown W. Correlates of adults' participation in
physical activity: review and update. Medicine and Science in Sports and Exercise. 2002;34(12):19962001. doi: 10.1249/01.mss.0000038974.76900.92
5.
Morris JN, Hardman AE. Walking to health. Sports Medicine. 1997;23(5):306-32. doi:
10.2165/00007256-199723050-00004
6.
Murphy MH, Nevill AM, Murtagh EM, Holder RL. The effect of walking on fitness, fatness and
resting blood pressure: A meta-analysis of randomised, controlled trials. Prev Med. 2007;44(5):37785. doi: 10.1016/j.ypmed.2006.12.008
7.
Ganna A, Ingelsson E. 5 year mortality predictors in 498 103 UK Biobank participants: a
prospective population-based study. Lancet. 2015;386(9993):533-40. doi: 10.1016/s01406736(15)60175-1
8.
Liu B, Hu XH, Zhang Q, Fan YC, Li J, Zou R, et al. Usual walking speed and all-cause mortality
risk in older people: A systematic review and meta-analysis. Gait & Posture. 2016;44:172-7. doi:
10.1016/j.gaitpost.2015.12.008
9.
Elbaz A, Sabia S, Brunner E, Shipley M, Marmot M, Kivimaki M, et al. Association of walking
speed in late midlife with mortality: results from the Whitehall II cohort study. Age. 2013;35(3):94352. doi: 10.1007/s11357-012-9387-9
10.
Cooper R, Kuh D, Hardy R, Team FAS, Team HAS. Objectively measured physical capability
levels and mortality: systematic review and meta-analysis. British Medical Journal. 2010;341. doi:
10.1136/bmj.c4467
11.
Yates T, Zaccardi F, Dhalwani NN, Davies MJ, Bakrania K, Celis-Morales CA, et al. Association
of walking pace and handgrip strength with all-cause, cardiovascular, and cancer mortality: a UK
Biobank observational study. European Heart Journal. 2017;1(1):ehx449. doi:
https://doi.org/10.1093/eurheartj/ehx449
12.
Thompson SG, Willeit P. UK Biobank comes of age. Lancet. 2015;386(9993):509-10. doi:
10.1016/s0140-6736(15)60578-5
13.
Watts G. UK Biobank opens its data vaults to researchers. British Medical Journal. 2012;344.
doi: 10.1136/bmj.e2459
14.
Palmer LJ. UK Biobank: bank on it. Lancet. 2007;369(9578):1980-2. doi: 10.1016/s01406736(07)60924-6
15.
Ollier W, Sprosen T, Peakman T. UK Biobank: from concept to reality. Pharmacogenomics.
2005;6(6):639-46. doi: 10.2217/14622416.6.6.639
16.
IPAQ. Guidelines for Data Processing and Analysis of the International Physical Activity
Questionnaire (IPAQ) - Short Form,Version 2.0: IPAQ; 2004. Available: www.ipaq.ki.se.
17.
Celis-Morales CA, Welsh P, Lyall DM, Steell L, Petermann F, Anderson J, et al. Associations of
grip strength with cardiovascular, respiratory, and cancer outcomes and all cause mortality:
prospective cohort study of half a million UK Biobank participants. BMJ. 2018;361. doi:
18.
Celis-Morales CA, Lyall DM, Steell L, Gray SR, Iliodromiti S, Anderson J, et al. Associations of
discretionary screen time with mortality, cardiovascular disease and cancer are attenuated by

16

399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447

strength, fitness and physical activity: findings from the UK Biobank study. BMC Medicine.
2018;16(1):77. doi: 10.1186/s12916-018-1063-1
19.
Liu B, Young H, Crowe FL, Benson VS, Spencer EA, Key TJ, et al. Development and evaluation
of the Oxford WebQ, a low-cost, web-based method for assessment of previous 24 h dietary intakes
in large-scale prospective studies. Public Health Nutrition. 2011;14(11):1998-2005. doi:
10.1017/s1368980011000942
20.
Galante J, Adamska L, Young A, Young H, Littlejohns TJ, Gallacher J, et al. The acceptability of
repeat Internet-based hybrid diet assessment of previous 24-h dietary intake: administration of the
Oxford WebQ in UK Biobank. British Journal of Nutrition. 2015;115(4):681-6. doi:
doi:10.1017/S0007114515004821
21.
Townsend P, Phillimore M, Beattie A. Health and Deprivation: Inequality and the North.
London: Croom Helm Ltd; 1988.
22.
WHO. Obesity: preventing and managing the global epidemic. Report of a WHO
consultation. 2000. 0512-3054. Available:
http://apps.who.int/iris/bitstream/10665/42330/1/WHO_TRS_894.pdf
23.
Dumurgier J, Elbaz A, Ducimetiere P, Tavernier B, Alperovitch A, Tzourio C. Slow walking
speed and cardiovascular death in well functioning older adults: prospective cohort study. British
Medical Journal. 2009;339. doi: 10.1136/bmj.b4460
24.
Newman AB, Simonsick EM, Naydeck BL, Boudreau RM, Kritchevsky SB, Nevitt MC, et al.
Association of long-distance corridor walk performance with mortality, cardiovascular disease,
mobility limitation, and disability. Jama-Journal of the American Medical Association.
2006;295(17):2018-26. doi: 10.1001/jama.295.17.2018
25.
Williams PT, Thompson PD. The Relationship of Walking Intensity to Total and Cause-Specific
Mortality. Results from the National Walkers' Health Study. Plos One. 2013;8(11). doi:
10.1371/journal.pone.0081098
26.
Williams PT. Reduced Total and Cause-Specific Mortality from Walking and Running in
Diabetes. Medicine and Science in Sports and Exercise. 2014;46(5):933-9. doi:
10.1249/mss.0000000000000197
27.
Saevereid HAS, Schnohr PS, Prescott EP. Speed and duration of walking and other leisure
time physical activity and the risk of heart failure: the Copenhagen City Heart study. European Heart
Journal. 2013;34(3):e89909. doi: 10.1371/journal.pone.0089909.
28.
Hamer M, Chida Y. Walking and primary prevention: a meta-analysis of prospective cohort
studies. British Journal of Sports Medicine. 2008;42(4):238-43. doi: 10.1136/bjsm.2007.039974
29.
Hakim AA, Petrovitch H, Burchfiel CM, Ross GW, Rodriguez BL, White LR, et al. Effects of
walking on mortality among nonsmoking retired men. New England Journal of Medicine.
1998;338(2):94-9. doi: 10.1056/nejm199801083380204
30.
Chiaranda G, Bernardi E, Codeca L, Conconi F, Myers J, Terranova F, et al. Treadmill walking
speed and survival prediction in men with cardiovascular disease: a 10-year follow-up study. Bmj
Open. 2013;3(10). doi: 10.1136/bmjopen-2013-003446
31.
Chen PJ, Lin MH, Peng LN, Liu CL, Chang CW, Lin YT, et al. Predicting Cause-Specific Mortality
of Older Men Living in the Veterans Home by Handgrip Strength and Walking Speed: A 3-Year,
Prospective Cohort Study in Taiwan. Journal of the American Medical Directors Association.
2012;13(6):517-21. doi: 10.1016/j.jamda.2012.02.002
32.
Cesari M, Pahor M, Marzetti E, Zamboni V, Colloca G, Tosato M, et al. Self-Assessed Health
Status, Walking Speed and Mortality in Older Mexican-Americans. Gerontology. 2009;55(2):194-201.
doi: 10.1159/000174824
33.
Rolland Y, Lauwers-Cances V, Cesari M, Vellas B, Pahor M, Grandjean H. Physical
performance measures as predictors of mortality in a cohort of community-dwelling older French
women. European Journal of Epidemiology. 2006;21(2):113-22. doi: 10.1007/s10654-005-5458-x

17

448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470

34.
Lakoski SG, Willis BL, Barlow CE, et al. Midlife cardiorespiratory fitness, incident cancer, and
survival after cancer in men: The cooper center longitudinal study. JAMA Oncology. 2015;1(2):231-7.
doi: 10.1001/jamaoncol.2015.0226
35.
Byun W, Sui X, Hébert JR, Church TS, Lee IM, Matthews CE, et al. Cardiorespiratory fitness
and risk of prostate cancer: Findings from the Aerobics Center Longitudinal Study. Cancer
epidemiology. 2011;35(1):59-65. doi: 10.1016/j.canep.2010.07.013
36.
Oliveria SA, Kohl HW, Trichopoulos D, Blair SN. The association between cardiorespiratory
fitness and prostate cancer. Medicine and science in sports and exercise. 1996;28(1):97-104. doi:
10.1097/00005768-199601000-00020
37.
Yu S, Yarnell JWG, Sweetnam PM, Murray L. What level of physical activity protects against
premature cardiovascular death? The Caerphilly study. Heart. 2003;89(5):502-6. doi:
10.1136/heart.89.5.502
38.
Tudor-Locke C, Craig CL, Brown WJ, Clemes SA, De Cocker K, Giles-Corti B, et al. How Many
Steps/day are Enough? For Adults. International Journal of Behavioral Nutrition and Physical Activity.
2011;8. doi: 10.1186/1479-5868-8-79
39.
Baker G, Mutrie N, Lowry R. Using pedometers as motivational tools: Are goals set in steps
more effective than goals set in minutes for increasing walking? International Journal of Health
Promotion and Education. 2008;46(1):21-6. doi: 10.1080/14635240.2008.10708123
40.
Swanson JM. The UK Biobank and selection bias. Lancet. 2012;380(9837):110-. doi:
41.
Collins R. What makes UK Biobank special? Lancet. 2012;379(9822):1173-4. doi:
10.1016/S0140-6736(12)60404-8
42.
Manolio TA, Collins R. Enhancing the Feasibility of Large Cohort Studies. Jama-J Am Med
Assoc. 2010;304(20):2290-1. doi: DOI 10.1001/jama.2010.1686

471

18

472

SUPPLEMENTAL DIGITAL CONTENT

473

Supplemental Digital Content 1.docx

474

Supplemental Digital Content 2.docx

475

Supplemental Digital Content 3.docx

476

Supplemental Digital Content 4.docx

477

Supplemental Digital Content 5.docx

478

Supplemental Digital Content 6.docx

479

Supplemental Digital Content 7.docx

480

Supplemental Digital Content 8.docx

481

Supplemental Digital Content 9.docx

482
483
484
485

19

486

FIGURE LEGENDS

487
488

Figure 1. Cox proportional hazard models of the association between walking pace and

489

all- and cause-specific mortality by sex.

490

Data presented as adjusted hazard ratio (HR) and its 95% confidence interval (95% CI) by

491

walking pace category. Slow walking pace was used as reference group for these analysis.

492

Trend hazard ratio indicate the change in the hazard per one category change in walking pace.

493

All analyses were conducted using a 2-years landmark analyses and by excluding participants

494

with major diseases at baseline. Analyses were adjusted for month of recruitment, age,

495

deprivation index, employment status, ethnicity, systolic blood pressure, medication for CVD,

496

self-health rating, BMI categories, smoking, discretionary screen time, dietary intake (alcohol,

497

red meat, processed meat, oily fish, processed meat and fruit and vegetables), handgrip strength

498

and total physical activity.
20

499
500
501

Figure 2. Cox proportional hazard models of the association between walking pace and

502

cause-specific incidence by sex.

503

Data presented as adjusted hazard ratio (HR) and its 95% confidence interval (95% CI) by

504

walking pace category. Slow walking pace was used as reference group for these analysis.

505

Trend hazard ratio indicate the change in the hazard per one category change in walking pace.

506

All analyses were conducted using a 2-years landmark analyses and by excluding participants

507

with major diseases at baseline. Analyses were adjusted for month of recruitment, age,

508

deprivation index, employment status, ethnicity, systolic blood pressure, medication for CVD,

509

self-health rating, BMI categories, smoking, discretionary screen time, dietary intake (alcohol,

510

red meat, processed meat, oily fish, processed meat and fruit and vegetables), handgrip strength

511

and total physical activity.

512
513
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514
515

Figure 3. Hazard ratio for all- and cause-specific mortality by walking pace and total

516

walking time tertiles

517

Data presented as adjusted hazard ratio (HR) and its 95% confidence interval (95% CI) by

518

walking pace and total walking time tertiles. Individuals who reported brisk walking pace and

519

higher levels of walking time were used as reference group. Analyses were conducted using a

520

2 years-landmark analyses and all participants with comorbidities at baseline were excluded

521

from the analyses. The analyses were adjusted for month of recruitment, age, deprivation index,

522

employment status, ethnicity, systolic blood pressure, medication for CVD, self-health rating,

523

BMI categories, smoking, discretionary screen time, dietary intake (alcohol, red meat,

524

processed meat, oily fish, processed meat and fruit and vegetables), handgrip strength and

525

moderate to vigorous physical activity.
22
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527

Figure 4. Hazard ratio for cause-specific incidence by walking pace and total walking

528

time tertiles

529

Data presented as adjusted hazard ratio (HR) and its 95% confidence interval (95% CI) by

530

walking pace and total walking time tertiles. Individuals who reported brisk walking pace and

531

higher levels of walking time were used as reference group. Analyses were conducted using a

532

2 years-landmark analyses and all participants with comorbidities at baseline were excluded

533

from the analyses. The analyses were adjusted for month of recruitment, age, deprivation index,

534

employment status, ethnicity, systolic blood pressure, medication for CVD, self-health rating,

535

BMI categories, smoking, discretionary screen time, dietary intake (alcohol, red meat,

536

processed meat, oily fish, processed meat and fruit and vegetables), handgrip strength and

537

moderate to vigorous physical activity.
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Table 1. Cohort characteristics by walking pace

Overall

Slow
(<3 miles.h-1)

Walking pace
Average
(3-4 miles.h-1)

Brisk
(>4 miles.h-1)

Socio-demographics
Total n
Sex (females), n(%)
Age (years), mean (SD)
Deprivation index tertile, n (%)
Lower (Less deprived)
Middle
Higher (Most deprived)
Ethnicity
Whites
Others/mixed
South Asians
Blacks
Chinese
Employment status
Employed
Retired
Looking after home/family
Unable to work
Unemployed
Voluntary work
Student
Smoking status, n (%)
Never
Previous
Current
Obesity-related markers
BMI (kg.m-2), mean (SD)
BMI Categories, n (%)
Underweight (<18.5 kg.m-2)
Normal weight (18.5-24.9 kg.m-2)
Overweight (25.0 to 29.9 kg.m-2)
Obese (≥30.0 kg.m-2)
Waist Circumference (cm), mean
(SD)
Central Obesity, n (%)
% Body fat, mean (SD)
Fitness and Physical activity
Fitness (METs), mean (SD)
Grip strength (Kg), mean (SD)
Time spent walking (min.day-1),
mean (SD)
Moderate intensity PA (min.day-1),
mean (SD)
Vigorous intensity PA (min.day-1),
mean (SD)
Total PA (METs.min.week-1), mean
(SD)
Physical inactivity, n (%)
TV-viewing (h.day-1)
Dietary intakes
Alcohol intake (% of TE), mean (SD)
Fruit
&
Vegetables
intake
(portion.day-1), mean (SD)
Oily fish (portion.day-1), mean (SD)

318,185

14,793

164,236

139,156

174,006 (54.7)
56.0 (8.14)

8,483 (57.3)
58.2 (7.73)

89,847 (54.7)
56.8 (8.08)

75,676 (54.4)
54.9 (8.11)

109,884 (34.5)
108,397 (34.1)
99,904 (31.4)

3,511 (23.7)
4,465 (30.2)
6,817 (46.1)

55,566 (33.8)
56,017 (34.1)
52,653 (32.1)

50,807 (36.5)
47,915 (34.4)
40,434 (29.1)

302,067 (94.9)
4,614 (1.5)
5,655 (1.8)
4,871 (1.5)
978 (0.3)

13,090 (88.5)
425 (2.9)
721 (4.9)
447 (3.0)
110 (0.7)

154,468 (94.1)
2,607 (1.6)
3,595 (2.2)
2,930 (1.8)
636 (0.3)

134,509 (96.7)
1,582 (1.1)
1,339 (1.0)
1,494 (1.1)
232 (0.1)

193,277 (60.7)
102,224 (32.1)
9,524 (3.0)
5,588 (1.8)
5,133 (1.6)
1,518 (0.5)
921 (0.3)

5,521 (37.3)
6,238 (42.2)
476 (3.2)
2,090 (14.1)
352 (2.4)
60 (0.4)
56 (0.4)

94,593 (57.6)
58,070 (35.4)
4,905 (3.0)
2,572 (1.6)
2,899 (1.8)
760 (0.4)
437 (0.2)

93,163 (67.0)
37,916 (27.3)
4,143 (3.0)
926 (0.6)
1,882 (1.3)
698 (0.5)
428 (0.3)

180,226 (56.6)
107,853 (33.9)
30,106 (9.5)

7,256 (49.1)
5,344 (36.1)
2,193 (14.8)

90,937 (55.4)
56,856 (34.6)
16,443 (10.0)

82,033 (59.0)
45,653 (32.8)
11,470 (8.2)

27.0 (4.50)

30.9 (6.26)

27.8 (4.55)

25.7 (3.71)

1,594 (0.5)
111,470 (35.0)
137,007 (43.1)
68,114 (21.4)
89.2 (13.0)

51 (0.3)
2,309 (15.6)
5,019 (33.9)
7,414 (50.2)
98.3 (14.9)

549 (0.3)
45,855 (27.9)
73,907 (45.0)
43,925 (26.8)
91.1 (12.9)

994 (0.7)
63,306 (45.5)
58,081 (41.7)
16,775 (12.1)
86.0 (11.9)

96,080 (30.2)
30.9 (8.43)

8,861 (59.9)
36.0 (9.25)

60,191 (36.7)
32.1 (8.41)

27,028 (19.4)
28.9 (7.84)

9.72 (2.77)
31.1 (10.9)
53.2 (56.2)

8.33 (2.48)
26.4 (11.0)
43.3 (50.0)

9.32 (2.67)
30.5 (10.9)
53.5 (57.3)

10.3 (2.79)
32.3 (10.8)
53.9 (55.5)

45.0 (54.8)

40.9 (52.0)

45.1 (55.1)

45.2 (54.7)

21.1 (27.4)

18.8 (28.2)

20.3 (27.4)

22.1 (27.3)

2,860.7
(3,052.4)
39,360 (17.1)
2.67 (1.49)

2,053.6
(2,503.5)
2,214 (25.5)
3.45 (1.96)

2,774.4
(3,012.1)
21,231 (18.3)
2.83 (1.49)

3,048.4
(3,133.2)
15,915 (15.2)
2.40 (1.37)

5.27 (6.50)
338.4 (1.93.0)

4.30 (6.68)
328.8 (216.9)

5.14 (6.59)
327.4 (190.8)

5.47 (6.39)
352.4 (192.1)

1.66 (0.92)

1.57 (0.98)

1.63 (0.92)

1.71 (0.92)

Processed meat intake (portion.day1), mean (SD)
Red meat intake (portion.day-1),
mean (SD)
Health status
Diabetes, n (%)
Systolic blood pressure (mmHg),
mean (SD)
CVD medication, n (%)
Health self-rating, n (%)
Excellent
Good
Fair
Poor

1.84 (1.06)

1.97 (1.12)

1.91 (1.05)

1.76 (1.06)

2.08 (1.41)

2.23 (1.63)

2.13 (1.42)

2.00 (1.37)

12,449 (3.9)
137.6 (18.6)

1,771 (12.0)
140.3 (18.7)

7,665 (4.7)
138.9 (18.7)

3,013 (2.2)
135.9 (18.4)

73,389 (23.1)

6,399 (43.2)

43,223 (26.3)

23,767 (17.1)

61,704 (19.4)
194,547 (61.1)
54,972 (17.3)
6,962 (2.2)

554 (3.8)
5,374 (36.3)
6,224 (42.1)
2,641 (17.8)

23,028 (14.0)
103,870 (63.2)
34,116 (20.8)
3,222 (2.0)

38,122 (27.4)
85,303 (61.3)
14,632 (10.5)
1,099 (0.8)

BMI body mass index; PA physical activity; MET metabolic-equivalent; TE total energy. SD standard deviation;
n number; CVD cardiovascular disease; COPD chronic obstructive pulmonary disease. * Fitness data was
available for n=67,322 participants.

