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Physical Activity and Mortality Across Levels
of Adiposity: A Prospective Cohort Study
From the UK Biobank
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Ulf Ekelund, PhD; and Jakob Tarp, PhD
Abstract
Objective: To examine the combined and stratiﬁed associations of physical activity and adiposity
measures, modelled as body mass index (BMI), abdominal adiposity (waist circumference), and body
fat percentage (BF) with all-cause mortality.
Patients and Methods: Using the UK Biobank cohort, we extracted quintiles of self-reported weekly
physical activity. Categories of measured BMI, waist circumference, and BF were generated. Joint
associations between physical activity-adiposity categories and mortality were examined using Cox
proportional hazards models adjusted for demographic, behavioral, and clinical covariates. Physical
activity-mortality associations were also examined within adiposity strata. Participants were followed
from baseline (2006 to 2010) through January 31, 2018.
Results: A total of 295,917 participants (median follow-up, 8.9 years, during which 6684 deaths occurred)
were included. High physical activity was associated with lower risk of premature mortality in all strata of
adiposity except for those with BMI 35 kg/m2. Highest risk (HR, 1.54; 95% CI; 1.33 to 1.79) was observed
in individuals with low physical activity and high BF as compared with the high physical activityelow BF
referent. High physical activity attenuated the risk of high adiposity when using BF (HR, 1.24; 95% CI; 1.04
to 1.49), but the association was weaker with BMI (HR, 1.45; 95% CI; 1.21 to 1.73). Physical activity also
attenuated the association between mortality and high waist circumference.
Conclusion: Low physical activity and adiposity were both associated with a higher risk of premature
mortality, but high physical activity attenuated the increased risk with adiposity irrespective of
adiposity metric, except in those with a BMI 35 kg/m2.
ª 2020 Mayo Foundation for Medical Education and Research. Published by Elsevier Inc. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/) n Mayo Clin Proc. 2021;96(1):105-119
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hysical inactivity has been considered
as one of the biggest public health
problems of the 21st Century because
of its high prevalence and large disease
burden.1 Strong evidence shows an inverse
dose-response relationship between physical
activity and all-cause mortality2,3 and the
Scientiﬁc Advisory Committee for the 2018
US Physical Activity Guidelines concluded
that this relationship is observed in all strata
of weight status as determined by body mass
index (BMI).4 Although a high level of physical activity may be helpful in maintaining a
healthy body weight,5 it is also plausible that
physical activity exerts beneﬁts on health

and longevity independent of maintaining
healthy bodyweight. These effects may
include a favorable glycemic control6 and
lower blood pressure7 which are considered
key mediators of adiposity related morbidity
and mortality.8 It is therefore possible that
the risk of mortality may be a function of
the combined effect of physical activity and
BMI. Current evidence suggests that the
increased risk of premature death in individuals with a high adiposity is attenuated but
not eliminated by physical activity.9-13
However, the existing evidence is limited
by using BMI as a proxy for adiposity.
Although BMI is the most widely used
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measure for adiposity, it is a poor indicator
of adiposity because it does not distinguish
between body fat mass and lean mass.14
This is important because while fat mass is
considered the main cause of obesityrelated health risks,15 muscle mass has
been inversely associated with the risk of
death.16 Therefore, using BMI may result in
misclassiﬁcation of individuals with high
lean mass as overweight or obese. Further,
previous studies have mostly relied on selfreported height and weight10-12,17 which
are subject to cognitive biases.18,19 Body fat
percentage (BF) is a direct measurement of
adiposity and is associated with increased
risk of premature mortality.20-27 However,
it is unclear if physical activity modulates
the association between BF and all-cause
mortality.
We aimed to examine the combined and
stratiﬁed associations of physical activity and
adiposity measures, modelled as BMI,
abdominal adiposity (waist circumference)
and BF, with all-cause mortality.
METHODS
Data Source and Study Population
We used data from the UK Biobank
Resource (Application Number 29717).
The UK Biobank is a population-based
cohort examining the interrelations between
environment, lifestyle, and genes, designed
to improve the prevention, diagnosis, and
treatment of chronic diseases.28 Between
2006 and 2010, a total of 502,682 participants (approximately 5.5% of 9.2 million
invited) aged 37 to 82 years were recruited
via 22 assessment centers across England,
Wales, and Scotland. Upon visiting the
assessment centers, participants gave written informed consent before data collection,
which included a touch-screen questionnaire, a wide variety of physical measurements, biological sampling, and linkage
with electronic registries. Ethical approval
was obtained by the North-West Research
Ethics Committee. The full details of the
protocol are available elsewhere.29
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Measurements
Physical activity was assessed using an
adapted version of the International Physical
Activity Short Form questionnaire (IPAQSF). The participants reported the number
of days engaging in bouts of walking, and
moderate and vigorous intensity physical activity lasting for more than 10 minutes in a
typical week. Total weekly physical activity
was deﬁned as metabolic equivalents
(METs) in minutes per week (MET-min/
week) calculated as the sum of walking
(3.3 METs) and moderate (4.0 METs) and
vigorous activities (8.0 METs). Following
the IPAQ-SF guidelines for data processing
and analysis,30 all cases with incomplete responses or missing information for number
of days or duration were excluded
(n¼92,411). All individuals reporting
greater than 960 minutes of physical activity
(ie, walking and moderate-to-vigorous physical activity [MVPA] combined) per day
were also excluded. Time spent walking
and doing moderate-or-vigorous activity
was truncated at 180 min/day. We also
excluded participants if they reported greater
than 24 h/day of the combination of walking,
MVPA, sleep time (missing values replaced
with 8 h/day) and total screen time (sum
of leisure time television and computer
use). Thereafter, participants were categorized into age- (using 10-year age strata)
and sex-speciﬁc quintiles of total weekly
physical activity.31
Height and weight were measured during
the initial visit to the assessment center.
Calculated as weight(kg)/height(m)2, BMI
was categorized following the World Health
Organization’s criteria32 into underweight
(<18.5 kg/m2), normal weight (18.5 to
24.9 kg/m2), overweight (25.0 to 29.9 kg/
m2), obese class 1 (30.0 kg/m2) and obese
class 2 (35kg/m2). Cutoff points for obesity
in waist circumference (WC) were set at
greater than or equal to 88 cm for women
and greater than or equal to 102 cm for
men.33 Using the Tanita BC-418MA body
composition analyzer (Tanita Corporation,
Tokyo, Japan), BF was measured by bio-
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impedance following standardized protocols.
In the absence of population-based cutoff
points for BF, we created four groups of BF
maintaining the sex-speciﬁc distribution in
the normal-weight, overweight, obese class
1, and obese class 2 BMI categories as: low,
medium-low, medium-high, and high BF.
By doing so, the sample-distribution of BF
categories is identical to the distribution in
BMI categories (ie, 42% [n¼64,673] women
with normal weight BMI would yield 42%
with low BF, although not necessarily
contain the same individuals). All anthropometric measurements were performed by
trained clinical staff following standardized
protocols.29
Covariates
Age was calculated as the difference between
date of birth and date of baseline assessment.
Self-reported sociodemographic covariates
include: ethnicity (categorized as White,
Asian, Black, others, and mixed background), education (categorized as no qualiﬁcations, not college or university degree,
and college or university degree), marital
status (recoded as living with partner or
not living with partner), and employment
status (recoded as employed or not
employed) were self-reported. The Townsend score was used as a marker of areabased socioeconomic status, derived from
postcode of residence and census data on
housing, employment, social class, and car
availability34 and analyzed as a continuous
variable.
Lifestyle covariates were also measured
by self-report. We created a dietary pattern
covariate based on meeting at least two of
three healthy eating targets related to food
types: 1) less than or equal to 3 weekly servings of red meat and less than or equal to 1
servings/week of processed meat; 2) greater
than or equal to 2 servings per week of ﬁsh
including at least one with oily ﬁsh; 3)
greater than or equal to 5 servings per day
of fruits and vegetables.35 Frequency of adding salt after cooking was included as four
categories (never, sometimes, usually, and
always). Frequency of alcohol intake was
considered as four categories (never,
Mayo Clin Proc. n January 2021;96(1):105-119
www.mayoclinicproceedings.org

n

previous, current and <3 times/week, and
current and 3 times/week). Smoking was
considered as three categories (never, previous, and current smoker). Leisure-time
screen use was created by summing the reported time spent watching television and
using a computer outside of work and thereafter categorized as less than 2, 2 to 3, 3 to 4,
4 to 5, and greater than 5 h/day.36
Baseline health status (asthma, history
of depression, women taking hormone
replacement therapy, diabetes, hypertension, and statins medication) were extracted
from a combination of self-report, verbal
interview with a trained nurse, and hospital
records.29 In combination with the hospital
records, we used clinical measurements of
blood pressure (systolic blood pressure
140 mm Hg or diastolic blood pressure
90 mm Hg) and hemoglobin A1c (48
mmol/L) to identify potentially undiagnosed
hypertensive
and
diabetic
patients,
respectively.
More detailed information about variable
extraction and recoding is given in
Supplementary Table 1 (available online at
http://www.mayoclinicproceedings.org).
Outcome
Date of death was obtained from death certificates held by the National Health Service Information Centre for participants (England
and Wales) and the National Health Service
Central Register Scotland (Scotland).
Person-years were calculated from the date
attending the assessment center to the date
of death, emigration, loss to follow-up, or
January 31, 2018, for England and Wales
and November 30, 2016, for Scotland,
whichever came ﬁrst.
Statistical Analyses
First, we examined the combined associations of adiposity and physical activity with
all-cause mortality by creating 12 mutually
exclusive categories where physical activity
quintiles were further collapsed into three
groups by combining quintiles 2 and 3 (medium activity) and quintiles 4 and 5 (most
active). This analysis allows for direct comparison across participants with different
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TABLE 1. Characteristics of Included Participants by Sex and Quintiles of Total Physical Activity in MET-min/weeka
Women (n¼152,563)
PA quintile n
Median
Age, years, mean  SD
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Adiposity-related variables
BMI, kg/m2, mean  SD
BMI categories, kg/m2
18.5-24.9
25-29.9
30-34.9
35
WC, cm, mean  SD
WC categories
<88 cm W, <102 cm M
88 cm W, 102 cm M
BF
BF categoriesb
Low
Medium-low
Medium-high
High

Men (n¼143,354)

Q1
30,394
384

Q2
30,556
1010

Q3
30,539
1779

Q4
30,537
2994

Q5
30,537
5799

Q1
28, 628
347

Q2
28,625
1032

Q3
28,708
1866

Q4
28,719
3192

Q5
28,674
6524

55.8  7.9

55.8  8.0

55.8  8.0

55.8  8.1

55.9  8.0

56.2  8.1

56.2  8.1

56.3  8.2

56.32  8.2

56.3  8.2

28.1  5.6

26.9  4.9

26.5  4.7

26.2  4.5

26.05  4.4

28.5  4.5

27.7  4.0

27.4  3.8

27.3  3.8

27.3  3.8

33
37
19
11
86.9  13.1

41
37
15
7
84.2  11.9

44
37
13
6
83.1  11.5

46
37
12
5
82.3  11.2

48
36
12
4
81.8  11.2

21
48
23
8
99.4  11.8

26
51
18
5
96.8  10.8

28
52
17
4
95.5  10.3

29
51
17
4
94.8  10.3

28
52
17
4
94.5  10.3

57
43
38.1  6.7

66
34
36.5  6.6

69
31
35.8  6.5

72
28
35.2  6.6

73
27
34.8  6.7

62
38
26.4  5.7

71
29
25.2  5.5

75
25
24.5  5.5

77
23
24.1  5.6

78
22
23.9  5.6

31.39
38.22
18.96
11.44

39.98
38.03
1524
6.76

44.12
37.35
12.82
5.71

47.43
36.30
11.66
4.61

50.00
34.83
10.98
4.19

18.43
49.13
23.77
8.67

24.32
51.37
19.03
5.28

28.12
51.28
16.73
3.87

31.03
49.99
15.32
3.66

32.30
49.72
14.92
3.06

Sociodemographic variables

n

95
2
2
1
-1.6  2.9

95
2
2
1
-1.6  2.9

96
2
1
1
-1.6  2.9

96
2
1
1
-1.6  2.9

95
2
1
2
-1.5  2.9

95
3
1
1
-1.6  3.0

96
2
1
1
-1.7  3.0

96
2
1
1
-1.7  2.9

96
2
1
1
-1.6  2.9

96
2
1
1
-1.3  3.0

12
52
36
71
65

10
50
40
71
63

11
50
39
72
61

12
51
37
71
58

15
55
30
71
58

10
48
42
80
71

9
45
46
80
68

9
46
45
80
66

12
49
39
80
64

19
56
25
80
67

70

76

79

81

81

52

60

63

66

64

56

58

59

60

59

54

56

57

56

Lifestyle covariatesc
Diet pattern, meeting 2 targets
Salt intake
Never/rarely

55
Continued on next page
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Ethnicity
White
Asian
Black
Others / Mixed background
Townsend deprivation index, mean  SD
Education
No qualiﬁcations
Not college/university degree
University degree
Marital status, living with partner
Currently employed

Women (n¼152,563)
PA quintile n
Median

n

https://doi.org/10.1016/j.mayocp.2020.06.049

Lifestyle covariatesc, continued
Sometimes
Usually
Always
Alcohol intake
Never
Previous
Current, <3 times/week
Current, 3 times/week
Smoking status
Never
Previous
Current
Screen time, h/day
<2
2-3
3-4
4-5
>5

Q1
30,394
384

Q2
30,556
1010

Men (n¼143,354)

Q3
30,539
1779

Q4
30,537
2994

Q5
30,537
5799

Q1
28, 628
347

Q2
28,625
1032

Q3
28,708
1866

Q4
28,719
3192

Q5
28,674
6524

28
11
5

28
10
4

27
10
4

27
10
3

27
10
4

28
13
5

28
12
4

28
12
3

28
12
4

28
13
4

5
3
55
37

5
2
52
41

4
3
51
42

4
3
52
41

5
3
54
38

3
3
42
52

2
2
39
57

2
2
38
58

2
2
40
56

2
3
44
51

61
30
9

62
31
7

61
32
7

61
32
7

61
31
8

52
36
12

54
36
10

54
36
10

53
37
10

49
38
13

12
19
22
19
28

14
21
23
18
23

15
21
24
18
22

15
22
23
18
22

15
22
24
18
21

8
15
20
19
38

10
17
22
19
32

11
18
22
19
30

10
17
23
20
30

10
18
24
21
27

13
8
8
4
48
10

11
6
7
3
45
8

12
6
7
3
44
8

11
5
7
3
44
8

11
6
8
3
44
7

12
5
NA
9
61
18

10
4
NA
6
59
16

11
3
NA
5
58
15

10
3
NA
5
59
14

10
3
NA
5
60
12

Health-related covariates
Diagnosed asthma
History of depression
Taking HRT, women
Diabetes
Hypertension
Taking statins medication
a

BF, total body fat percentage; BMI, body mass index; HRT, hormone replacement therapy; M, men; MET, metabolic equivalent; NA, not applicable; PA, physical activity; W, women; WC, waist circumference.
The four BF groups were created maintaining the sex-speciﬁc distribution in the normal-weight to obese type 2 BMI categories as: low, medium-low, medium-high, and high BF.
c
Dietary pattern is based on meeting at least two of three healthy eating targets related to food types: 1) 3 weekly servings of red meat and 1 servings/week of processed meat; 2) 2 servings per week of ﬁsh including at least
one with oily ﬁsh; and 3) 5 servings per day of fruits and vegetables.
b

Values are percentages unless stated otherwise.
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combinations of physical activity and
adiposity with the most active and with
lowest adiposity as the reference. Second,
we analyzed the associations between physical activity (using quintiles) and all-cause
mortality in different strata of adiposity
(BMI, WC, and BF), using the least active
quintile as the reference. Both analyses
were performed using Cox proportional hazard regression models with age as the underlying time scale and with various levels of
adjustment. Model 1 (crude model) was
adjusted for age and sex. Model 2 was additionally adjusted for the Townsend deprivation index, ethnicity, education, marital
status, salt intake, dietary pattern, alcohol
intake, smoking status, employment, screen
time, asthma, depression, and hormone
replacement therapy (women only). Finally,
model 3 was further adjusted for prevalent
diabetes, hypertension, and use of statins
medication. We veriﬁed the proportional
hazards assumption of the models by visual
inspection of log-log plots. In addition, we
examined interactions between physical activity (PA) and adiposity variables using a
likelihood-ratio test.
To minimize potential inﬂuence of
reverse causality (ie, undiagnosed, subclinical disease(s) potentially affecting physical
activity and mortality), follow-up was
commenced 2 years after the baseline examination (excluding 1204 participants) and
we excluded all participants reporting any
prevalent chronic neurologic degenerative
problems, chronic widespread pain, chronic
respiratory diseases (including chronic
obstructive pulmonary disease), liver failure
or cirrhosis, psychological or psychiatric
problems, substance abuse or dependency
and eating disorders, as well as those with
a BMI less than 18.5 kg/m2 (to avoid
including individuals with illness-related
weight loss) and pregnant women at baseline
(n¼35,094). Additionally, participants with
prevalent cancer (excluding nonmelanoma
skin cancer) or cardiovascular disease
(CVD) identiﬁed from self-report or ﬂagged
in hospital records were excluded before
analysis (n¼63,193). We also excluded participants with missing covariates from the
110
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analysis (n¼14,687). Details of exclusions
are presented in the Supplementary Figure
(available
online
at
http://www.
mayoclinicproceedings.org).
We repeated the analysis with restriction
to never smokers (n¼168,654) to accommodate potential residual confounding from
smoking. For this purpose, obesity classes I
and II were combined due to the low number of cases in each of these categories. Similarly, the two highest categories of BF were
combined.
Finally, we analyzed the joint associations between PA and cause-speciﬁc mortality (CVD and cancer), across strata of
adiposity accounting for competing risks using the subdistribution method of Fine and
Gray.37 For CVD mortality, we treated all
other causes of death as competing events
with all noncancer deaths treated as
competing events when cancer-related mortality was the outcome.
All analyses were performed using statistical software Stata 16 (StataCorp LP, College Station, TX). P values less than or
equal to 0.05 were considered statistically
signiﬁcant.
RESULTS
A total of 295,917 participants (mean age 
SD, 56.0  8.1 years; range, 38.9 to 73.7
years; 51.6% women) were included in the
analysis (Table 1). Median follow-up time
was 8.9 years, during which 6,684 deaths
occurred.
The bivariate Pearson’s correlations between BMI and BF were 0.85 (women)
and 0.79 (men) with similar correlations
of 0.87 and 0.81 (women) and 0.87 and
0.79 (men) observed between BMI and
WC and between BF and WC, respectively.
A summary of the median and range of
weekly physical activity levels per quintile,
sex, and age strata, is presented in
Supplementary Table 2 (available online
at http://www.mayoclinicproceedings.org).
The PA level in the lowest and highest
quintiles of PA (368 and 6132 MET-min/
week) corresponds to approximately 16
and 265 minutes of daily walking, respectively. The hazard ratios (HRs) of all-cause
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TABLE 2. Hazard Ratios of All-Cause Mortality for Physical Activity and Adiposity Measures in the Included
Samplea
Hazard ratios (95% CI)
b

Model 1

Model 1ac

Model 3ad

PA quintiles
Q1 (less active)
Q2
Q3
Q4
Q5 (most active)

1 (reference)
0.82 (0.77 to
0.80 (0.74 to
0.83 (0.77 to
0.80 (0.75 to

BMI, kg/m2
18.5-24.9
25-29.9
30-34.9
35

1 (reference)
1.01 (0.96 to 1.08)
1.28 (1.19 to 1.37)
1.78 (1.62 to 1.95)

1 (reference)
1.01 (0.95 to 1.07)
1.26 (1.17 to 1.35)
1.72 (1.56 to 1.89)

1 (reference)
0.96 (0.91 to 1.02)
1.10 (1.02 to 1.19)
1.34 (1.21 to 1.49)

Waist circumference, cm
<88 Women, <102 men
88 Women, 102 men

1 (reference)
1.41 (1.34 to 1.48)

1 (reference)
1.38 (1.31 to 1.45)

1 (reference)
1.21 (1.14 to 1.27)

BFe
Low
Medium-low
Medium-high
High

1 (reference)
1.05 (0.99 to 1.11)
1.32 (1.23 to 1.42)
1.71 (1.56 to 1.88)

1 (reference)
1.04 (0.98 to 1.11)
1.29 (1.20 to 1.39)
1.66 (1.51 to 1.82)

1 (reference)
0.99 (0.93 to 1.05)
1.13 (1.05 to 1.22)
1.30 (1.18 to 1.44)

0.89)
0.86)
0.89)
0.86)

1 (reference)
0.85 (0.79 to
0.84 (0.78 to
0.87 (0.81 to
0.85 (0.79 to

0.92)
0.91)
0.94)
0.92)

1 (reference)
0.89 (0.82 to
0.88 (0.81 to
0.89 (0.83 to
0.84 (0.78 to

0.95)
0.95)
0.96)
0.91)

a

BF, body fat percentage; BMI, body mass index; PA, physical activity.
Model 1 was adjusted for age (as time-scale in model) and sex.
c
Model 1a was adjusted as Model 1 plus BF-categories in the case of PA and plus PA-quintiles in the case of BMI, waist circumference or
BF (mutual adjustment).
d
Model 3a was adjusted as Model 1a plus ethnicity, education, marital status, employment, Townsend Deprivation Index, diet pattern, salt
intake, alcohol intake, smoking status, screen time, asthma, depression, hormone replace therapy (women only), diabetes, hypertension
and statins medication.
e
The four BF groups were created maintaining the sex-speciﬁc distribution in the normal-weight, overweight, obese type 1, and obese
type 2 BMI categories as: low, medium-low, medium-high, and high BF.
b

mortality for physical activity, BMI, WC,
and BF (“independent” associations) are
presented in Table 2.
Figure 1 displays joint PA-BMI, PA-WC,
and PA-BF associations with all-cause mortality. The likelihood ratio tests of interaction
were not signiﬁcant irrespective of the
adiposity measure used (P>0.08 for model 1
and P>0.18 for model 3). Generally, the
magnitude of associations was similar in the
crude (age- and sex-adjusted) model
compared with the multivariable-adjusted
model. In the multivariable-adjusted model,
the highest risk (HR, 1.54; 95% CI, 1.33 to
1.79) was observed in the low PA and high
BF group, compared with the reference
(high PA and low BF). The magnitude of associations were similar when combining PA
with BMI (HR for low PA and high BMI,
1.52; 95% CI, 1.30 to 1.78) and WC (HR for
Mayo Clin Proc. n January 2021;96(1):105-119
www.mayoclinicproceedings.org

n

low PA and high WC, 1.55; 95% CI, 1.32 to
1.57) (see Supplementary Table 3
[available
online
at
http://www.
mayoclinicproceedings.org] for n/deaths in
each PA-adiposity category). The lowest risk
of premature mortality was observed in the
referent group (high PA combined with a
low level of adiposity), but there was a consistent pattern of attenuated HRs with high PA
across levels of adiposity, irrespective of the
adiposity metric used, although PA did not
attenuate the higher risk associated with a
BMI greater than or equal to 35 kg/m2. For
example, HRs for high PA in the most-obese
category, compared with the reference, were
1.24 (95% CI, 1.04 to 1.49) and 1.19 (95%
CI, 1.10 to 1.30) for high BF and WC, respectively, but 1.45 (95% CI, 1.21 to 1.73) for BMI.
When restricting the joint-associations analyses to never-smokers (n¼168,654), the
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Body mass index

All-cause mortality HR

1.8
1.6
1.4
1.2
1

.8
HPA MPA LPA HPA MPA LPA HPA MPA LPA HPA MPA LPA
Normal weight Overweight Obese class I Obese class II
Waist circumference

All-cause mortality HR

1.8
1.6
1.4
1.2
1

.8
HPA

MPA
Low

LPA

HPA

MPA
High

LPA
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FIGURE 1. Joint associations between all-cause mortality and groups of physical activity in relation to body
mass index, waist circumference, and body fat percentage strata. Values are hazard ratios (HRs) and 95%
CIs. For waist circumference, low means less than 88 cm in women and 102 cm in men, and high greater
than or equal to 88 cm in women and greater than or equal to 102 cm in men. The four body fat
percentage groups were created maintaining the sex-speciﬁc distribution in the normal weight, overweight, obese class 1, and obese class 2 body mass index categories as: low, medium-low, medium-high,
and high body fat percentage. Results are from model 3, adjusted for age (as time-scale in model), sex,
ethnicity, education, marital status, employment, Townsend deprivation index, diet pattern, salt intake,
alcohol intake, smoking status, screen time, asthma, depression, hormone replace therapy (women only),
diabetes, hypertension, and statins medication. HPA ¼ high physical activity, group created by combining
quintiles 4 and 5; LPA ¼ low physical activity, group including the ﬁrst quintile; MPA, medium physical
activity, group created by combining quintiles 2 and 3.
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associations were generally attenuated for the
low- and accentuated for the high-adiposity
categories compared with the full sample
(Supplementary Table 4, available online at
http://www.mayoclinicproceedings.org).
In the stratiﬁed analysis (Table 3), higher
levels of PA were associated with a lower risk
of all-cause mortality in all strata of BMI
except for those with obesity class II, irrespective of the level of adjustment, although some
of the 95% CIs overlapped 1 (eg, those with
low BF). The most pronounced risk reductions were generally observed when
comparing the least active (reference) and
the second quintile of physical activity for all
measures of adiposity. Similar to the jointassociations analyses, the magnitude of associations was analogous in the crude (ageand sex-adjusted) model (Supplementary
Table 5, available online at http://www.
mayoclinicproceedings.org) compared with
the multivariable-adjusted model. In the
multivariable-adjusted model, being in the
most active quintile was associated with a
19% lower all-cause mortality risk compared
with the least-active category in the normal
weight stratum (HR, 0.81; 95% CI, 0.70 to
0.93) and the risk reduction was approximately 15% in the overweight (HR, 0.85;
95% CI, 0.76 to 0.96) and obese I (HR, 0.84;
95% CI, 0.71 to 0.98) strata. Being in the
most active quintile did not reduce all-cause
mortality risk in those with BMI greater than
or equal to 35 kg/m2 (HR, 0.94; 95% CI,
0.71 to 1.23). Among those with a high WC,
the risk for all-cause mortality was 19% lower
(HR, 0.81; 95% CI, 0.72 to 0.92) in the mostactive compared with those in the least-active
quintile. A lower risk of death with higher
levels of PA was also observed in all strata of
BF, except for those with low BF, with the
greatest risk reduction in individuals with
high BF (HR, 0.70; 95% CI, 0.53 to 0.94
when comparing the most-active to the
least-active quintile).
When the analysis was restricted to
never-smokers (Supplementary Table 6,
available
online
at
http://www.
mayoclinicproceedings.org), the effect sizes
were generally attenuated with nonsigniﬁcant associations across normal weight and
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overweight BMI. In contrast, PA remained
signiﬁcantly and inversely associated with
all-cause mortality in the obese BMI categories, those with high abdominal adiposity
(WC) and medium-high and high body fat.
The patterns of associations were similar
in men and women, although the magnitude
of associations appeared more pronounced
in women (Supplementary Tables 7 and 8,
available
online
at
http://www.
mayoclinicproceedings.org).
Results of analysis using cause-speciﬁc
mortality (Figure 2) showed that high levels
of PA attenuated the risk of CVD mortality
in all strata of adiposity (Supplementary
Table 9, available online at http://www.
mayoclinicproceedings.org), whereas attenuation was less pronounced for cancer-related
mortality (Supplementary Table 10, available
online at http://www.mayoclinicproceedings.
org).
DISCUSSION
We found that high levels of PA attenuated
the increased risk of all-cause mortality
with increasing levels of BMI, WC, and BF,
except for BMI greater than 35 kg/m2 where
the risk was increased regardless of activity
levels. High PA was also associated with
lower risk of all-cause mortality in nearly
all strata of adiposity, irrespective of the
adiposity measure used, with the exceptions
of BMI greater than 35 kg/m2 and low-BF.
Our ﬁndings echo previous studies based
on self-reported anthropometric data, which
have reported that PA attenuated the
increased risk of high BMI on all-cause mortality.10,11,38 Our study also extends these
previous results by including BMI and WC
from clinical assessments, as well as BF as
a direct measure of adiposity.
In general, the associations between PA and
all-cause mortality observed from the stratiﬁed
analyses are smaller in magnitude compared
with previous observations.10,11,17,38 This
may partly be explained by how the reference
group was deﬁned in each study because the
levels of PA in the least or most active group
can vary in some extent across these studies.
Our ﬁndings are also in accordance with
evidence from self-report38 and device-
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measured2 PA data indicating that the greatest reductions in all-cause mortality are usually observed when increasing activity from
an initially low level. The absolute difference
in PA observed between the least and the
second-least active (second quintile) groups
(corresponding to 600 MET-min) (Table 1)
is equivalent to the current recommendations for public health of 150 min/week of
moderate PA.39 No further risk reductions
were observed with higher levels of PA, especially when BMI and WC were modelled as
adiposity indicators. This suggests that the
PA levels needed to obtain health beneﬁts
should be achievable for most individuals
irrespective of their level of adiposity. We
observed that moderate levels of PA also
conferred beneﬁts in reducing mortality
risk, regardless of the actual BMI or BF,
except in those categorized by BMI as obesity
class 2. In the stratiﬁed analysis, we observed
the greatest risk reduction in the most-active
group with high BF (median PA levels, 5918
MET-min/week; equivalent to approximately
256 minutes of daily walking), compared
with the least-active-high BF referent group
(median PA levels, 990 MET-min/week; corresponding to approximately 43 minutes of
daily walking). The attenuating effect of
high levels of PA across levels of adiposity
was similar regardless of whether adiposity
was measured by anthropometric measures
or as body fat assessed by bio-impedance,
except among individuals with a BMI greater
than or equal to 35 kg/m2. Nevertheless, the
joint associations analysis showed that, in
those with high BF, high levels of PA (median PA levels, 4032 MET-min/week;
approximately 175 minutes of daily walking)
substantially attenuated the detrimental association between BF and mortality. However, the importance of maintaining a healthy
weight is also evident from the joint analyses
as individuals with low adiposity and low PA
had lower mortality risk than those with
high adiposity, irrespective of their level of
PA. Taken together, our results suggest
that a combination of PA and maintenance
of a healthy body weight, which may not
be achieved through PA alone,5 is needed
to manage the risk of premature mortality.
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From these results, two aspects should be
particularly highlighted. First, the patterns
of the associations using BMI or BF are not
identical. Previous research has reported
that BMI is a stronger predictor of mortality
than BF,40 and the potential underlying
mechanisms could be related to the fact
that BMI takes into account fat and fat-free
mass, both commonly high in obese BMI categories, whereas BF is only adiposity. Therefore, this may partially explain the different
patterns. On the other hand, this suggests
that, besides the beneﬁts of PA in almost
all adiposity strata, high levels of PA may
be even more beneﬁcial in those with high
amounts of body fat.
BMI is an indirect measure of adiposity
and it does not take bone and muscle mass
into consideration. Therefore, BMI has poor
sensitivity and speciﬁcity when classifying
obesity.41 Additionally, the relation between
BMI and BF is not linear and differs for men
and women.41 Anthropometric proxies for
central obesity, such as WC, have been
considered as better predictors of increased
levels of health risk factors,42,43 and some
evidence suggests higher risk of mortality
for high WC compared with BMI.44-46
Nevertheless, just a few previous studies
analyzed the associations between PA and
mortality in strata of WC, all based on selfreported data,10,11 restricted to single sex cohorts11,13 or including a small number of
deaths.13 BF reﬂects better the serum lipid
proﬁle and its metabolic alterations than its
anthropometric surrogates,47 and this is
closely related to coronary heart disease,48
a leading cause of death in developed
countries.49
It has previously been reported that
smoking modiﬁes the association between
BMI and mortality by right-shifting the
optimal BMI level into the overweight
domain and that adjusting for smoking status is insufﬁcient to remove this confounding.11,50-52 Restricting our analysis to
never-smokers attenuated the HRs, especially for those with low adiposity levels irrespective of the adiposity measure used. This
may suggest residual confounding from
smoking or smoking-related illness among
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TABLE 3. Hazard Ratios for the Associations Between Physical Activity and All-Cause Mortality, by Adiposity Categoriesa,b
Q1 (least active)

Q2

Q3

Q4

Q5 (most active)

2

BMI, kg/m
18.5-24.9
Model 3
Total n/n
25-29.9
Model 3
Total n/n
30-34.9
Model 3
Total n/n
35
Model 3
Total n/n

deaths

1 (reference)
16,205/342

0.93 (0.81 to 1.08)
19,863/378

0.85 (0.73 to 0.99)
21,314/368

0.87 (0.75 to 1.00)
22,415/399

0.81 (0.70 to 0.93)
22,573/401

deaths

1 (reference)
24,921/614

0.87 (0.77 to 0.97)
25,960/547

0.96 (0.85 to 1.07)
26,197/600

0.94 (0.84 to 1.06)
25,852/602

0.85 (0.76 to 0.96)
25,709/561

deaths

1 (reference)
12,149/393

0.82 (0.70 to 0.97)
9,841/257

0.73 (0.61 to 0.86)
8915/209

0.80 (0.68 to 0.94)
8496/227

0.84 (0.71 to 0.98)
8577/237

deaths

1 (reference)
5,747/201

0.96 (0.76 to 1.22)
3517/111

0.91 (0.71 to 1.18)
2821/85

0.97 (0.75 to 1.26)
2493/80

0.94 (0.71 to 1.23)
2352/72

1 (reference)
34,953/734

0.94 (0.85 to 1.04)
40,392/780

0.94 (0.85 to 1.04)
42,691/818

0.95 (0.86 to 1.04)
43,967/872

0.88 (0.79 to 0.97)
44,510/864

1 (reference)
24,069/816

0.83 (0.74 to 0.93)
18,789/513

0.81 (0.72 to 0.91)
16,556/444

0.84 (0.75 to 0.94)
15,289/436

0.81 (0.72 to 0.92)
14,701/407

1 (reference)
14,759/257

0.96 (0.82 to 1.14)
19,058/310

0.95 (0.81 to 1.18)
21,443/346

0.87 (0.74 to 1.02)
23,316/353

0.94 (0.80 to 1.09)
24,396/429

1 (reference)
25,715/617

0.90 (0.81 to 1.01)
26,406/574

0.90 (0.80 to 1.01)
26,182/565

0.99 (0.88 to 1.03)
25,461/629

0.84 (0.75 to 0.95)
24,993/552

1 (reference)
12,665/442

0.80 (0.70 to 0.93)
10,188/285

0.81 (0.70 to 0.94)
8799/255

0.80 (0.68 to 0.94)
8051/239

0.80 (0.69 to 0.94)
7684/229

1 (reference)
5,883/234

0.89 (0.71 to 1.10)
3,529/124

0.87 (0.68 to 1.10)
2823/96

0.87 (0.68 to 1.11)
2428/87

0.70 (0.53 to 0.94)
2138/61

Waist circumference, cm
Low: <88 women, <102 men
Model 3
Total n/n deaths
High: 88 women, 102 men
Model 3
Total n/n deaths
BFc
Low
Model 3
Total n/n deaths
Medium-low
Model 3
Total n/n deaths
Medium-high
Model 3
Total n/n deaths
High
Model 3
Total n/n deaths
a

BF, body fat percentage; BMI, body mass index; PA, physical activity; Q, quintile.
Values are hazard ratios (95% CIs) unless stated otherwise.
c
The four BF groups were created maintaining the sex-speciﬁc distribution in the normal-weight, overweight, obese type 1 and obese type 2 categories as: low, medium-low,
medium-high and high BF.
b

Model 3 was adjusted for age (as time-scale), sex, ethnicity, education, marital status, employment, Townsend deprivation index, diet pattern, salt intake, alcohol intake,
smoking status, screen time, asthma, depression, hormone replace therapy (women only), diabetes, hypertension, and statins medication.

lean individuals with low PA levels, a confounding structure which could also lead to
lower PA levels (reverse causation). Jointanalysis among never-smokers suggested
attenuated HRs among inactive lean individuals compared with active lean individuals
but ampliﬁed the risk of mortality in those
with obesity class II and low PA, consistent
with the plausibility of an inﬂated mortality
rate among the lean due to smoking-related
confounding. Few previous studies have
Mayo Clin Proc. n January 2021;96(1):105-119
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previously examined PA-adiposity-mortality
interactions in never-smokers. Koster
et al10 observed a substantial increase in
the risk of all-cause mortality among active
obese when restricting their analysis to
never-smokers but did not report the impact
of this sensitivity analysis among lean individuals. Similarly, Ekelund et al38 observed
attenuated HRs with high PA among obese
current and former smokers as compared
with analysis among obese never-smokers.
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FIGURE 2. Joint associations between cardiovascular disease or cancer mortality and groups of physical
activity in relation to body mass index, waist circumference and body fat percentage strata. Values are
hazard ratios (HRs) and 95% CIs. For waist circumference, low means less than 88 cm in women and 102
cm in men, and high greater than or equal to 88 cm in women and greater than or equal to 102 cm in
men. The four body fat percentage groups were created maintaining the sex-speciﬁc distribution in the
normal-weight, overweight, obese type 1, and obese type 2 body mass index categories as: low, mediumlow, medium-high and high body fat percentage. Results are from model 3, adjusted for age (as time-scale
in model), sex, ethnicity, education, marital status, employment, Townsend deprivation index, diet pattern,
salt intake, alcohol intake, smoking status, screen time, asthma, depression, hormone replace therapy
(women only), diabetes, hypertension, and statins medication. HPA ¼ high physical activity, group created
by combining quintiles 4 and 5; LPA, low physical activity, group including the ﬁrst quintile; MPA, medium
physical activity, group created by combining quintiles 2 and 3.

The impact of residual confounding from
smoking or smoking-related illness may
differ across sample smoking prevalence
and warrants further investigation.
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When examining associations with
cause-speciﬁc mortality we observed a larger
attenuation and even elimination of the
increased risk of adiposity from high PA on
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CVD mortality but not on cancer mortality
which is consistent with the ﬁndings from
previous research11 and supports the biological plausibility of our ﬁndings.
The ﬁndings of the present study have
important public health implications as the
2018 US Physical Activity Guidelines Advisory Committee highlighted PA and mortality associations across weight strata as an
under-researched area.4 With a high prevalence of obesity in developed countries and
increasing obesity prevalence in developing
countries,53 examining strata-speciﬁc associations are important to determine the need
of tailored interventions. With the largest
risk reductions observed when moving
from the least-active quintile to the second
quintile of PA irrespective of adiposity strata,
recommending a minimum of 150 minutes
of MVPA/week irrespective of weight seems
reasonable to reduce all-cause mortality
risk. Nevertheless, it is also essential to highlight the importance of achieving and maintaining a healthy weight and adiposity levels.
Study Limitations
Some strengths and limitations must be
considered when interpreting the ﬁndings
from our study. All adiposity measurements
were collected by research staff, which reduces cognitive biases derived from selfadministered measurements. The large sample size with a wide range of PA levels,
BMI, WC, and BF included in our analyses
produced effect estimates with narrow CIs.
The large sample size allowed exclusion of
participants with health conditions and
deaths occurring within 2 years of followup to minimize reverse causation bias.
Further, we adjusted our analyses for a range
of potential confounders regarding lifestyle,
health, and socioeconomic factors. Physical
activity was assessed by a previously validated self-report instrument.54 However,
self-reported PA is less accurate than
device-measured PA and may introduce
bias. Random measurement error tends to
attenuate the observed associations whereas
a differential measurement error may either
increase or attenuate the magnitude of association. It is possible that measurement error
Mayo Clin Proc. n January 2021;96(1):105-119
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in self-reported PA, compared with devicemeasured activity, is larger in obese individuals.55,56 This would dilute differences between PA categories within, but not
between, adiposity categories. Also, the accuracy of bio-impedance for measuring BF
is affected by the height, cross-sectional
area, and ionic composition of the body,57
and may not be equally valid across ethnicities.58 In addition, UK Biobank participants
are not representative of the entire UK population, and there is evidence of a healthy
volunteer selection bias.59 Nevertheless, the
exposure-disease relationships may not be
strongly
affected
by
sample
representativeness.60
Future studies may consider including
even more precise measures of exposures
such as accelerometer measures of PA and
sedentary time and more precise measures
of general and abdominal adiposity, such as
magnetic resonance imaging.61
CONCLUSION
Low PA and adiposity were both associated
with a higher risk of premature mortality,
but high PA attenuated the increased risk
with adiposity irrespective of adiposity
metric, except in those with a BMI greater
than or equal to 35 kg/m.
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