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Abstract

Aims: To investigate the combined association of adiposity and walking pace with
incident type 2 diabetes.

Methods: We undertook a prospective cohort study in 194 304 White-European par-
ticipants (mean age 56.5 years, 55.9% women). Participants' walking pace was self-
reported as brisk, average or slow. Adiposity measures included body mass index
(BMI), waist circumference (WC) and body fat percentage (BF%). Associations were
investigated using Cox proportional hazard models, with a 2-year landmark analysis. A
four-way decomposition analysis was used for mediation and additive interaction.
Results: The median (interquartile range) follow-up was 5.4 (4.8-6.3) years. During
the follow-up period, 4564 participants developed type 2 diabetes. Compared to
brisk-walking participants with normal BMI, those with obesity who walked briskly
were at an approximately 10- to 12-fold higher risk of type 2 diabetes (hazard ratio
[HR] 9.64, 95% confidence interval [Cl] 7.24-12.84, in women; HR 11.91, 95% CI
8.80-16.12, in men), whereas those with obesity and walked slowly had an approxi-
mately 12- to 15-fold higher risk (HR 12.68, 95% Cl 9.62-16.71, in women; HR
15.41, 95% Cl 11.27-21.06, in men). There was evidence of an additive interaction
between WC and BF% and walking pace among women, explaining 17.8% and 47.9%
excess risk respectively. Obesity mediated the association in women and men,
accounting for 60.1% and 44.9%, respectively.

Conclusions: Slow walking pace is a risk factor for type 2 diabetes independent of
adiposity. Promoting brisk walking as well as weight management might be an effec-

tive type 2 diabetes prevention strategy given their synergistic effects.
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1 | INTRODUCTION

Type 2 diabetes is a global public health challenge, given that 9.3% of
individuals aged 20 to 79 years have known type 2 diabetes
worldwide,* and global projections estimate that type 2 diabetes prev-
alence will increase to 10.9% by 2045.2 Obesity is one of the most
important modifiable risk factors for type 2 diabetes.®>* Since obesity
is a relatively stable phenotype with limited effective interventions,” it
is important to identify factors that might protect people with obesity
from developing type 2 diabetes.

Previous studies have reported that the association of obesity with
diabetes risk®~® varies by physical activity level, indicating that people
with obesity should consider adopting a higher level of physical activity
to manage weight as well as to reduce type 2 diabetes risk.® A recent
study that included 117 878 participants from nine prospective studies
reported that, compared to normal-weight but highly physically active
individuals, those with obesity and had low physical activity levels had a
7.4 times higher risk of type 2 diabetes.® However, most of the evi-
dence is restricted to total physical activity, with limited evidence on
other common forms of physical activity, such as walking pace.® Usual
walking pace has been identified as a strong predictor of poorer health
outcomes.? A recent study has suggested that walking pace could even
improve predictive ability in identifying individuals at high risk of cardio-
vascular disease incidence, beyond that of traditional risk factors.*®
Despite this, current evidence mainly focuses on stratified analysis or
inclusion of adiposity as a covariate in statistical analysis.** No evidence
is available on the potential additive association between walking pace
combined with obesity and type 2 diabetes risk, or whether such an
association differs according to different adiposity markers. Moreover,
how much of the association between walking pace and type 2 diabetes
is mediated by adiposity has not been addressed.

Understanding the interplay between adiposity and walking pace
in type 2 diabetes risk could inform future interventions aiming to
increase physical activity or reduce adiposity for type 2 diabetes pre-
vention. The aim of this study, therefore, was to investigate the com-
bined association of adiposity and walking pace with incident type
2 diabetes in a large prospective cohort study and to understand the
extent to which the higher risk of type 2 diabetes associated with

slow walking may be mediated by adiposity.

2 | MATERIALS AND METHODS

21 | Study population
The UK Biobank recruited >502 000 participants from the general pop-
ulation between 2006 and 2010 (5.5% response rate, men and women

aged 37-73 years). Participants attended one of 22 assessment centres

across England, Wales and Scotland. At the baseline assessment, an
electronically signed consent form and a touchscreen questionnaire
were completed. Physical measurements and biological samples were
also collected, including blood, urine and saliva,t?>13 Analyses for the
current study were conducted in 194 304 White-European participants
from the UK Biobank cohort (age 38-71 years), who had available data
records from primary care, exposures, and covariates. Participants with
prevalent diabetes (type 1 or type 2 diabetes; n = 12 967) or undiag-
nosed diabetes (HbAlc = 48 mmol/mol; n = 1589) at baseline were
excluded from the analysis. Additionally, participants from non-White
ethnic backgrounds (n = 8390) or who had missing data (n = 11 199)
were excluded from the study (Figure S1).

2.2 | Adiposity definitions

Anthropometric measurements were measured by trained research
nurses using standardized protocols.>* All anthropometric measure-
ments were taken barefoot and with light clothing. Body composi-
tion in this study were measured in a fasting state. Briefly,
participants were asked not to eat or drink (except plain water) for
up to 4 hours before they visited the assessment centres. They were
asked to go to the physical measurement station before going to the
sample collection station.’* Body weight and body fat percentage
(BF%) were assessed using a Tanita BC418MA body composition
analyser. Height was measured, without shoes, using the wall-
mounted SECA 240 height measure. Waist circumference (WC) was
measured midway between the lowest rib margin and the iliac crest,
horizontally, using a non-elastic SECA 200 tape measure. For WC
and BF%, sex-specific tertiles were derived and categorized as low,
middle or high (46-92 cm, 78.1-101 cm and 89.1-182 cm for WC;
5%-33.8%, 23.1%-39.8% and 27.9%-69.3% for BF%). BMI was cal-
culated from weight (kg) divided by the square of height (m). BMI
was classified as normal weight (18.5-24.9 kg/mz), overweight
(25-29.9 kg/m?) or obesity (230 kg/m?). Underweight was not
included in the present analysis. Centrally obese WC was defined as
WC 288 cm for women and 2102 cm for men. High BF% was

defined as >35% for women and >25% for men.t’

2.3 | Walking pace assessment

Self-reported usual walking pace was collected at baseline through a
touchscreen questionnaire. Participants were asked, “How would you
describe your usual walking pace?”. Participants could select any of
the three following answers: slow pace (defined as less than 3 miles
per hour), steady average pace (defined as 3-4 miles per hour) and

brisk pace (defined as more than 4 miles per hour), as described
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elsewhere®; thus, walking pace was categorized by each participant

as slow, average or brisk walking pace.

24 | Ascertainment of type 2 diabetes

Incident type 2 diabetes was derived from linkage to primary care data
in the UK Biobank. Records were extracted for 45% of the UK Biobank
cohort. The end of coverage (extract date) was May 2017 for Scotland,
September 2017 for Wales and August 2017 for England. Detailed link-
age procedures are available at http://biobank.ndph.ox.ac.uk/showcase/
showcase/docs/primary_care_data.pdf. We defined incident type 2 dia-
betes as diagnosis in primary care with International Classification of Dis-
eases, 10th revision (ICD-10) code E11. READ codes used in the primary
care data were converted into ICD-10 codes using the UK Biobank look-
up table. Undiagnosed type 2 diabetes was defined as glycated haemo-
globin (HbA1c) values in the diabetic range (> 48 mmol/mol), as per the
American Diabetes Association guidelines for type 2 diabetes diagnosis
(https://diabetes.org/diabetes/alc/diagnosis).

2.5 | Covariates

Sociodemographic variables included: sex; education level (College or
University degree, A levels/AS levels or equivalent, O levels/GCSEs or
equivalent, CSEs or equivalent/NVQ or HND or HNC), self-reported
at baseline; age, calculated from the date of birth and date of baseline
assessment; and deprivation index, an area-based measure of socio-
economic status, derived from the postal code of residence using the
Townsend deprivation score.'”

Lifestyle variables included: smoking status (never, former, cur-
rent); fruit and vegetable intake (portions per day); red meat intake
(portions per week); processed meat intake (times per week); alcohol
consumption (daily/almost daily, 3-4 times a week, once or twice a
week, 1-3 times a month, special occasions, never); and sleep duration
(hours per day), and were determined via self-report questionnaire.
Total sedentary time was also self-reported and was derived from the
sum of TV viewing time, computer screen time and time spent driving
during leisure time and reported as hours per day.

Multimorbidity was derived from participants who self-reported
having chronic illnesses at baseline, based on 43 long-term conditions,
and was categorized as the number of existing morbidities. Medica-
tion for cardiometabolic diseases (cardiovascular medications, thia-
zides, steroids and statins) was also self-reported by the participants
at the baseline assessment. Additional details about these measure-
ments can be found in the UK Biobank online protocol (https://www.
ukbiobank.ac.uk/).

2.6 | Statistical analysis

Baseline characteristics of the study population were described as

mean and standard deviation (SD) for continuous variables, and

frequency and percentage (%) for categorical variables. Cox propor-
tional hazard models were used to investigate the independent associ-
ation of walking pace and adiposity levels (based on BMI, WC and BF
%) with incident type 2 diabetes, with years of follow-up used as time-
line variables. The associations were reported as hazard ratios (HRs)
and their 95% confidence intervals (Cls). The associations between
adiposity level and walking pace and incident type 2 diabetes were
investigated using nine categories derived from combinations of the
adiposity variables (low, middle, high, normal weight, overweight and
obesity) and walking pace (brisk, average and slow pace). The analyses
were conducted using a 2-year landmark period, which excluded any
incident type 2 diabetes occurring in the first 2 years of the follow-up,
to minimize reverse causation.

The analyses of the individual associations between walking pace
and adiposity with incident type 2 diabetes were adjusted in an incre-
mental manner for covariates using two models and were conducted
separately for women and men. Model 1 was adjusted for sociodemo-
graphic and lifestyle factors, including age, deprivation index, education,
smoking status, fruit and vegetable intake, red meat intake, processed
meat intake, alcohol intake, total sedentary time, sleep duration and
multimorbidity. Model 2 was adjusted as for Model 1 and further
included adiposity (BMI, WC and BF%) or walking pace. The covariates
were excluded from the model if they were the exposure. The reference
value was brisk walking pace, normal weight (based on BMI), low WC,
or low BF% for each analysis. Correlations between BMI, WC and BF%
were tested using pairwise correlation coefficients. A sensitivity analysis
was conducted by adding medication (including cardiovascular medica-
tions, thiazides, steroids and statins) as a covariate to the models.

The combined associations of adiposity levels and walking pace
with incident type 2 diabetes were analysed in women and men sepa-
rately. All analyses were adjusted for age, deprivation index, educa-
tion, smoking status, fruit and vegetable intake, red meat intake,
processed meat intake, alcohol consumpation, total sedentary time,
sleep duration, and multimorbidity or medication for cardiometabolic
diseases. The reference value was the combination of normal BMI,
low WC, or low BF% with brisk walking pace.

As the magnitude of the association between walking pace and inci-
dent type 2 diabetes was attenuated after adjusting for adiposity, a four-
way decomposition analysis*® was conducted to examine whether the
excess risk of slow walking pace could be attributed to mediation via adi-
posity and/or interaction with adiposity (BMI, WC and BF%). Briefly, the
excess risk of slow walking pace was split into a controlled direct effect
(unrelated to adiposity), pure interaction, mediated interaction, and pure
mediation. For this study, mediated interaction and pure mediation were
combined and called “total mediation”. This was formally tested in a

causal counterfactual framework, as described elsewhere,?? 2!

using the
CMAverse package in R?? The model was adjusted for age, deprivation
index, education, smoking status, fruit and vegetable intake, red meat
intake, processed meat intake, alcohol consumption, total sedentary
time, sleep duration and multimorbidity (Model 1).

Nonlinear analysis was also conducted to investigate the associations
of adiposity and walking pace with incident type 2 diabetes. Firstly, adi-

posity was fitted into the model as a continuous variable. Nonlinear
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TABLE 1 Characteristics of the study cohort, stratified by sex

Characteristics

Overall n = 194 304

Women n = 108 631 (55.9%)

Men n = 85 673 (44.1%)

Age, years (mean + SD) 56.5 + 8.0 56.4+79 56.7 + 8.1
Townsend deprivation index, n (%)
Low deprivation 68 023 (35.0) 37 708 (34.7) 30 315 (35.4)
Middle deprivation 67 521 (34.8) 38073 (35.1) 29 448 (34.4)
High deprivation 58 760 (30.2) 32 850 (30.2) 25910 (30.2)
Education, n (%)
College or university degree 73 287 (45.8) 40 073 (45.0) 33 214 (46.9)
A levels/AS levels or equivalent 21 626 (13.5) 12 759 (14.3) 8867 (12.5)
O levels/GCSEs or equivalent 41 902 (26.2) 25 682 (28.8) 16 220 (22.9)
CSEs or equivalent/NVQ or HND or HNC 23 052 (14.4) 10 534 (11.8) 12 518 (17.7)
Lifestyle
Smoking status, n (%)
Never 68 023 (35.0) 37 708 (34.7) 30 315 (35.4)
Previous 67 521 (34.8) 38073 (35.1) 29 448 (34.4)
Current 58 760 (30.2) 32850 (30.2) 25910 (30.2)
Sleep duration, h/d (mean + SD) 72+x11 72+11 71+10
Red meat intake, portions/week (mean + SD) 21+14 20+13 23+15
Process meat intake, portions/week (mean + SD) 19+11 1.6 +1.0 22+10
Alcohol intake (mean % SD) 29+15 31+15 26+14
Fruit and vegetable intake, g/d (mean + SD) 324.4 + 185.2 346.3 + 181.8 296.6 + 185.8
Total sedentary time, h/d (mean + SD) 50+22 47 +£20 54+24
Walking pace, n (%)
Brisk 80 142 (41.2) 43 901 (40.4) 36 241 (42.3)
Average 101 408 (52.2) 57 181 (52.6) 44 227 (51.6)
Slow 12 754 (6.6) 7549 (7.0) 5205 (6.1)
Adiposity
Waist circumference, cm (mean + SD) 89.5+129 84.1+119 96.3+10.7
Body fat percentage (mean + SD) 31.6+85 367 £ 6.7 25156
BMI, kg/m? (mean * SD) 27.3+45 27.0+4.9 27.7 £4.0
BMI category, n (%)
Normal weight 65 092 (33.5) 43 163 (39.7) 21 929 (25.6)
Overweight 84 812 (43.7) 41 241 (38.0) 43 571 (50.9)
Obesity 44 400 (22.9) 24 227 (22.3) 20 173 (23.6)
Multimorbidity, n (%)
None 69 889 (36.0) 37 889 (34.9) 32000 (37.4)
1 66 092 (34.0) 36 436 (33.5) 29 656 (34.6)
2 35 854 (18.5) 20 425 (18.8) 15429 (18.0)
3 14 846 (7.6) 8902 (8.2) 5944 (6.9)
4 5200 (2.7) 3315 (3.1) 1885 (2.2)
25 2423 (1.2) 1664 (1.5) 759 (0.9)

Note: Data are presented as mean and SD for continuous variables and frequency and % for categorical variables.

Abbreviations: A levels/AS levels, Advanced/Advanced Subsidiary Levels; BMI, body mass index; CSEs, Certificate of Secondary Educaions; GCSE, General
Certificate of Secondary Education; HNC, Higher National Certificate; HND, Higher National Diploma; NVQ, National Vocational Qualification; O levels,
ordinary levels.

associations were examined using penalized cubic splines fitted in Cox likelihood ratio tests to test nonlinearity in exposure-outcome relation-
proportional hazard models. The penalized spline is not as sensitive to ships by comparing models with adiposity splines and models with linear
knot numbers and placements as restricted cubic splines.?>?* We used adiposity terms.
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TABLE 2 Association of walking pace and adiposity with incident type 2 diabetes

Women Men
Model 1 Model 2 Model 1 Model 2
HR (95% CI) P value HR (95% ClI) P value HR (95% ClI) P value HR (95% Cl) P value
Walking pace
Brisk 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Average 1.75(1.55; 1.96) <0.0001 1.21(1.08; 1.37) 0.002 1.60 (1.45; 1.75) <0.0001 1.21(1.10;1.33)  <0.0001
Slow 2.52(2.15; 2.94) <0.0001 1.10(0.94; 1.30) 0.242 2.05(1.78; 2.35) <0.0001 1.18(1.02;1.36) 0.024
Trend 1.59(1.48; 1.72) <0.0001 1.06(0.98;1.15) 0.160 1.46 (1.37; 1.56) <0.0001 1.11(1.04;1.19) 0.002
BMI
Normal weight  1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Overweight 3.43(2.86; 4.12) <0.0001 3.36(2.80; 4.02) <0.0001 3.54(2.95; 4.24) <0.0001 3.48(2.91;4.17) <0.0001
Obesity 10.05 (8.44; 11.97) <0.0001 9.44(7.91;11.27) <0.0001 10.12(8.47;12.11) <0.0001 9.62(8.04; 11.52) <0.0001
Trend 3.07 (2.86; 3.30) <0.0001 2.97 (2.76; 3.20) <0.0001 3.01(2.82;3.21) <0.0001 2.92(2.73;3.11)  <0.0001
wcC
Low WC 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Middle WC 3.48(2.80; 4.33) <0.0001 3.41(2.74; 4.24) <0.0001 2.46(2.14;2.82) <0.0001 2.42(2.1;2.78) <0.0001
Hight WC 12,16 (9.91; 14.91) <0.0001 11.44(9.32; 14.06) <0.0001 6.53(5.74;7.42) <0.0001 6.24(5.48;7.10)  <0.0001
Trend 3.49 (3.22; 3.78) <0.0001 3.37(3.11; 3.66) <0.0001 2.59(2.44;2.74) <0.0001 2.52(2.38;2.67) <0.0001
BF%
Low BF% 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Middle BF% 3.14 (2.56; 3.84) <0.0001 3.05(2.49; 3.74) <0.0001 2.77(2.39; 3.21) <0.0001 2.72(2.34;3.16)  <0.0001
Hight BF% 7.91(6.53; 9.59) <0.0001 7.30(6.01; 8.87) <0.0001 6.47 (5.62; 7.45) <0.0001 6.15(5.34;7.09)  <0.0001
Trend 2.69 (2.49; 2.90) <0.0001 2.57(2.38;2.78) <0.0001 2.47(2.33;2.62) <0.0001 2.40 (2.26; 2.55) <0.0001

Note: Data are presented as HR and 95% Cl. Model 1 was adjusted for age, deprivation index, education, smoking status, fruit and vegetable, red meat and
processed meat intake, alcohol consumption, total sedentary time, sleep duration and multimorbidity. Model 2 was adjusted as for Model 1 but further
included walking pace when BMI, WC and BF% were the exposures and vice versa. All analyses were conducted using 2-year landmark analyses, excluding
participants with type 1, type 2 diabetes, unknown diabetes and non-White ethnic background.

Abbreviations: BF%, body fat percentage; BMI, body mass index; Cl, confidence interval; HR, hazard ratio; WC, waist circumference.

Statistical analyses were performed using the statistical software

sTATA 17 (StataCorp LP) and R v4.0.2. Significance was accepted at a

P value < 0.05. The Anderson-Darling test was conducted to check

the normality of variables.

27 |

Ethics statement

The UK Biobank study was approved by the North-West Multi-Centre
Research Ethics Committee (ref. 11/NW/0382 on June 17, 2011). All
participants provided written informed consent to participate in the
UK Biobank study. The study protocol is available online (http://
www.ukbiobank.ac.uk/). This research has been conducted using the

UK Biobank resource under application number 7155.

3 | RESULTS

In the 2-year landmark analyses and after excluding participants with

prevalent diabetes, undiagnosed diabetes or non-White Europeans at

baseline, 194 304 participants with data available for incident type
2 diabetes, adiposity, walking pace and covariates were included in
this study (Figure S1). The median (interquartile range) follow-up
period was 5.4 (4.8-6.3) years. Over the follow-up, 4564 participants
(2.3%) developed type 2 diabetes, including 1916 women (42.0%) and
2648 men (58.0%).

There was a high correlation between BMI and WC (r = 0.81) but
a moderate to low correlation between BMI and BF% (r = 0.57) as
well as WC and BF% (r = 0.24).

Table 1 shows the cohort characteristics of the men and women
included in this study. In summary, the mean + SD age was 56.5
+ 8.0 years, with 56.4% women. A higher proportion of the partici-
pants reported having college or university degrees and being never-
smokers. Men, compared to women, reported a higher intake of red
and processed meat but lower alcohol consumption and fruit and veg-
etable intake. A higher prevalence of overweight was observed for
men compared to women (Table 1).

The associations between walking pace and incident type 2 diabe-
tes for women and men are presented in Table 2. Compared to a brisk

walking pace, women who reported either average or slow walking
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(A) Women
5 HR [95% CI] P value
Normal weight :
Brisk pace (Ref.) 0 1.00 [Ref.]
Average pace -1 1.09 [0.78; 1.53] 0.616
Slow pace }—.—{ 2.04 [1.14; 3.65] 0.016
Overweight :
Brisk pace Hl— 3.12[2.34;4.15]  <0.0001
Average pace il 4.04[3.11;5.25]  <0.0001
Slow pace —a— 4.78 [3.35; 6.81] <0.0001
Obese
Brisk pace —a— 9.64[7.24; 12.84]  <0.0001
Average pace A 11.17 [8.66; 14.41] <0.0001
Slow pace — . 12.68 [9.62; 16.71] <0.0001
0 2 4 6 8 10 12 14 16 18 20
Lower hazard Higher hazard

(B) ‘Women
HR [95% CI] P value
Low WC
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Average pace A 8.71[6.63; 11.44] <0.0001
Slow pace i 10.52 [7.84; 14.10]  <0.0001
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FIGURE 1
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Middle WC
Brisk pace - 2.49[1.97;3.14]  <0.0001
Average pace HiH 3.39(2.74;4.20]  <0.0001
Slow pace : —a— 4.29 [3.15;5.85]  <0.0001
High WC
Brisk pace —a— 7.13[5.74;8.85]  <0.0001
Average pace —a— 8.54[6.99; 10.44] <0.0001

Slow pace — 9.82[7.81;12.36] <0.0001
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Men
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Brisk pace (Ref.) ’ 1.00 [Ref.]
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Middle fat
Brisk pace HE— 2.83[2.21;3.61]  <0.0001
Average pace : —— 4.01[3.19;5.03]  <0.0001
Slow pace ——A 4.32[3.09;6.04]  <0.0001
High fat
Brisk pace —a— 7.10[5.64;8.94]  <0.0001
Average pace —a— 8.63[6.95:10.72] <0.0001
Slow pace A 10.15[7.95;12.96] <0.0001
0 2 6 8 10 12 14
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Combined association between adiposity and walking pace and incident type 2 diabetes. Data are presented as hazard ratio
(HR) and 95% confidence interval (Cl). Analyses were adjusted for age, deprivation index, education, smoking status, fruit and vegetable intake,

red meat intake, processed meat intake, alcohol consumption, total sedentary time, sleep duration and multimorbidity. All analyses were
conducted using 2-year landmark analyses and excluding participants with type 1, type 2 diabetes, unknown diabetes and non-White ethnic
background. A, Combined association between body mass index and walking pace and incident type 2 diabetes. B, Combined association
between waist circumference (WC) and walking pace and incident type 2 diabetes. C, Combined association between body fat percentage and

walking pace and incident type 2 diabetes

paces had a 75% (HR 1.75 [95% CI 1.55; 1.96]) or 2.5 times (HR 2.52
[95% Cl 2.15; 2.94]) higher risk of type 2 diabetes, respectively, after
adjusting for sociodemographic and lifestyle confounding factors
(Model 1). When the analysis was further adjusted for adiposity, the
risk of type 2 diabetes was attenuated for slow walking pace,

therefore, mediation analyses were conducted to test if adiposity
mediated the associaion. In men, compared to a brisk walking pace,
after adjusting for sociodemographic and lifestyle factors (Model 1),
individuals who reported average and slow walking paces had a 60%
(HR 1.60 [95% CI 1.45; 1.75]) and 2.1 times (HR 2.05 [95% CI 1.78;
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TABLE 3

Proportion of excess risk of slow walking due to
Women

Additive interaction (%)

Total mediation (%)
Men

Additive interaction (%)

Total mediation (%)

General obesity

1.6 (-6.3; 6.8)
60.1(51.8; 69.7)*

2.7 (-8.3; 10.3)
44.9 (36.9; 52.3)*

Four-way decomposition analysis of walking pace and adiposity with type 2 diabetes

Central obesity High body fat percentage

17.8(9.4; 23.8)*
64.4 (57.2; 73.4)*

47.9 (34.2; 58.0)*
44.9 (38.2; 50.8)*

6.7 (—5.7; 15.2)
44.7 (37.2; 52.9)*

25.6 (12.3; 36.7)*
35.5(23; 42.7)

Note: Numbers presented are percentages with 95% confidence interval. The analysis was adjusted for age, deprivation index, education, smoking status,
fruit and vegetable intake, red meat intake, processed meat intake, alcohol consumption, total sedentary time, sleep duration and multimorbidity. All
analyses were conducted using 2-year landmark analyses, excluding participants with type 1, type 2 diabetes, unknown diabetes and non-White ethnic
background. Obesity was defined as BMI 230 kg/m?; central obesity was defined as WC 288 cm for women and 2102 cm for men; BF% was defined as

>35% for women and >25% for men.

Abbreviations: BF%, body fat percentage; BMI, body mass index; WC, waist circumference.

*P < 0.0001.

2.35)] higher risk of type 2 diabetes, respectively. The magnitude of
risk of type 2 diabetes was attenuated but still significant after further
adjusting for adiposity (Model 2) to a 21% (HR 1.21 [95% CI 1.10;
1.33]) and 18% (HR 1.18 [95% CI 1.02; 1.36]) higher risk, respectively.
The magnitudes and directions of the associations between walking
pace, adiposity and type 2 diabetes were similar when medication was
added to the most adjusted model (Model 2; Tables S1).

Adiposity was positively associated with a higher risk of type
2 diabetes regardless of the adiposity marker used. Compared to nor-
mal weight as determined by BMI, both women and men who were
living with overweight or obesity had a three or nine times higher risk
of type 2 diabetes. For WC, women and men who were in the high
WC category had an 11.4 times (HR 11.44 [95% Cl 9.32; 14.06]) and
6.2 times (HR 6.24 [95% Cl 5.48; 7.10]) higher risk of type 2 diabetes,
respectively, compared to the lowest category. For BF%, women and
men who were in the high BF% category had a 7.3 times (HR 7.30
[95% Cl: 6.01; 8.87]) and 6.2 times (HR 6.15 [95% CI: 5.34; 7.09])
higher risk of type 2 diabetes, respectively, compared to the low cate-
gory, as shown in Table 2.

Figure 1 shows the combined association between adiposity, walk-
ing pace, and incident type 2 diabetes. The risk of type 2 diabetes was
higher when walking pace was slow. Among women, participants with
obesity, central obesity or had high BF% and also reported a slow walk-
ing pace had a 12.7 times (HR 12.68 [95% Cl 9.62; 16.71]), 17.9 times
(HR 17.85 [95% Cl 12.87; 24.78]) or 10.5 times (HR: 10.52 [95% ClI
7.84; 14.10]) higher risk of developing type 2 diabetes compared to
those with normal BMI, low WC or low BF% with brisk walking pace,
respectively. Among men, participants with obesity, central obesity or
had high BF% and also reported a slow pace had a 15.4 times (HR 15.41
[95% CI 11.27; 21.06]), 9.8 times (HR 9.82 [95% CI 7.81; 12.36]) or
10.2 times (HR 10.15 [95% CI 7.95; 12.96]) higher risk of developing
type 2 diabetes compared to those with normal BMI, low WC or low BF
% with brisk walking pace, respectively. Similar results were found
when medication was added to the model as a covariate (Figure S2).

General and central obesity were partial mediators for the associ-
ation in women, accounting for 60.1% and 64.4%, respectively. There

was evidence of an additive interaction of WC and body fat with

walking pace in women; however, only body fat showed an interac-
tion with walking pace in men (Table 3). The mediation analysis
showed that BF% (Table 3) mediated 44.9% (for women) and 35.5%
(for men) of the excess risk due to slow walking. Being a slow walker
and having a high BF% would have a synergistic deleterious associa-
tion, explaining another 47.9% and 26.5% of the excess risk for
women and men, respectively. The total effect, total natural indirect
effect and pure natural direct effect are shown in Table S2.

Positive nonlinear associations were found between adiposity,
walking pace and incident type 2 diabetes (Figure 2). Compared to
brisk walking pace, the spline for slow walking pace showed that type
2 diabetes risk increased with increasing BMI up to 33 kg/m?, after
which the lower risk appeared. For WC, the risk of incident type 2 dia-
betes for slow walking pace increased sharply with greater WC up to
103 cm, then converged. The spline for slow walking pace showed
that the risk of incident type 2 diabetes seemed to increase sharply

with increasing BF% up to 36%, then converge.

4 | DISCUSSION

Compared to brisk walking pace, slow walking pace was associated
with a higher risk of type 2 diabetes, independent of sociodemo-
graphic and lifestyle factors among White-European people. This
association was largely explained by adiposity in women but not in
men. The risk of type 2 diabetes was doubled when slow walking pace
was combined with obesity, high WC or BF%. These findings suggest
that both walking pace and adiposity are independent risk factors for
type 2 diabetes and that they have to be considered simultaneously
to achieve the maximum public health benefits. Importantly, as adi-
posity could be a mediator between walking pace and type 2 diabetes,
promoting brisk walking for weight management could have synergis-
tic benefits for type 2 diabetes prevention. That noted, it should be
clear that excess adiposity, however measured, was the dominant risk
factor for type 2 diabetes so that brisk walking on its own is unlikely
to be sufficient to prevent type 2 diabetes if there are other reasons,

for example, poor diet, that lead to weight excess.
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FIGURE 2 Penalized cubic splines for the association between walking pace, adiposity and incident type 2 diabetes. Data are presented as
hazard ratios and their 95% confidence interval (Cl). Analyses were adjusted for age, deprivation index, education, smoking status, fruit and
vegetable intake, red meat intake, processed meat intake, alcohol consumption, total sedentary time, sleep duration and multimorbidity. All
analyses were conducted using 2-year landmark analyses and excluding participants with type 1, type 2 diabetes, unknown diabetes and non-
white ethnic background. BF%, body fat percentage; BMI, body mass index; WC, waist circumference

Our study is consistent with previous evidence on walking pace and
the risk of type 2 diabetes. A study from the United States, conducted in
70 102 women aged 40 to 60 years, found that after adjusting for age,
time period, cigarette smoking, menopausal status, parental history of

diabetes, alcohol consumption, history of hypertension, history of high
cholesterol level and time spent walking per week, normal and brisk walk-
ing pace were associated with a 28% (relative risk [RR] 0.72 [95% CI 0.62;
0.85]) and 59% (RR 0.41 [95% Cl 0.33; 0.52]) lower risk of type 2 diabetes,
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respectively, compared to an easy walking pace.?> However, after adjust-
ing for BMI, the association for brisk walkers was slightly attenuated
(RR 0.59 [95% Cl 0.47; 0.73]) but remained significant.?> The Health Pro-
fessional's Follow-up Study, conducted in the United States in 37 918
men aged 40 to 75 years, reported that, compared to slow walkers, those
who reported a normal, brisk or very brisk walking pace had a 32%, 54%
and 61% lower risk of type 2 diabetes independent of BMI.2¢

Current evidence mainly focuses on stratified analysis or including
adiposity as a covariate in the statistical analysis.** However, some
studies have reported the joint associations between total physical
activity and BMI with type 2 diabetes risk.”® A more recent meta-
analysis reported a seven times higher risk of type 2 diabetes in peo-
ple with obesity and who had low physical activity compared to those
with normal weight and high physical activity.® Likewise, our findings
showed that the combination of obesity and slow walking pace was
associated with an approximately 10 times higher risk of type 2 diabe-
tes, compared to normal weight and brisk walking pace.

Interestingly, four-way decomposition analysis in our findings
showed the excess risk due to slow walking was mainly mediated
through general and central obesity but had an additive interaction
with body fat proportion. This indicates that people with high body
fat are more vulnerable to slow walking and that increasing their walk-
ing speed during physical activity, where feasible, could potentially be
effective as it could reduce body fat. Randomized controlled trials are
warranted to test these hypotheses.

Our study is an observational study, so we cannot interpret
causality directly. However, the association is biologically plausible.
Walking, as an aerobic exercise, can improve insulin action in the mus-
cles and liver by increasing glucose uptake acutely and during pro-
longed activity.?” Furthermore, a previous Mendelian randomization
study has suggested walking pace to be a potential causal factor for
various health outcomes.?® In contrast, it is well known that obesity is
the strongest risk factor for type 2 diabetes.?’ Adiposity composition
and sex hormones might explain why some of the findings differed by
Sex.30,31

The strengths of the present study include its large number of par-
ticipants, which provided a sufficient sample size to undertake the anal-
ysis. We included multiple confounding factors, which enabled the
research question to be sufficiently adjusted and investigated. A 2-year
landmark analysis likely reduces the risk of reverse causation impacting
the results and is a strength of this study. Walking pace is a low cost
equipment and is easy to administer and would therefore be relatively
simple to assess in clinical practice. Although our study used self-
reported usual walking pace, there is evidence that self-reported walk-
ing speed is a valuable marker of walking speed measurement and could
be a marker of physical performance when walking speed is not possi-
ble to measure directly in sarcopenia and frailty.>? Self-reporting walk-
ing pace does not consider the time spent walking, which could modify
the association between walking pace and obesity in type 2 diabetes.
However, a previous study has shown that the association between
walking pace and diabetes risk is independent of time spent walking.>®
It is well known that BMI has limitations when used to assess obesity,3
but that WC is a better predictor for evaluating the risk of type

2 diabetes.®* Our study provided evidence that adiposity and fat distri-
bution, BMI, WC or BF%, combined with a measure of physical activity
such as walking pace, showed a strong relationship to type
2 diabetes risk.

The present study also has several limitations. The UK Biobank is
not representative of the general population of the United Kingdom
with regard to sociodemographic, physical, lifestyle and health-related
characteristics. Although the UK Biobank data have been showed to
have healthy volunteer selection bias, exposure-disease risk estimates
can nevertheless be generalized to the broader population.®> In addi-
tion, walking pace was self-reported, however, previous studies have
provided robust evidence of the predictive ability of self-reported walk-
ing pace above and beyond traditional risk factors.”!® We were also
unable to include all ethnicities as there was insufficient statistical
power to detect differences according to ethnicity. Although standard-
ized protocols were implemented across the assessment centres, the
data do not allow us to quantify the accuracy and repeatability of the
methods used. Reverse causation due to the link between existing mul-
timorbidity and walking pace cannot be ignored; however, when the
analyses were adjusted for multimorbidity or medication, the associa-
tions remained similar. Although these sensitivity analyses cannot fully
remove the effect of reverse causation, they provide evidence that
reverse causation does not fully explain the associations observed.

To conclude, walking pace was inversely associated with the risk
of type 2 diabetes for both men and women, independent of sociode-
mographic characteristics, lifestyle and adiposity. Slow walking pace,
combined with obesity, high WC and BF%, doubled the risks of devel-
oping type 2 diabetes. Promoting brisk walking as a weight manage-
ment measure might be an effective type 2 diabetes prevention

strategy, given its synergistic effect.
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