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Abstract The health benefits of physical activity (PA)
have been well documented. However, there is less
research investigating whether or not these health benefits
might differ among males and females or among subjects
characterized by different levels of body mass index
(BMI), waist-to-hip ratio (WHR), and waist circumference
(WCQC). Baseline total PA, BMI, WHR and waist circum-
ference were measured in 14,585 men and 26,144 women
who participated in the Swedish National March. Their
effects on all-cause mortality were analyzed with a follow-
up time of almost 10 years. Sedentary men with a
BMI > 30 had a 98% (95% CI: 30-201%) increased risk
of mortality compared to normal weight men with a high
level of total PA. The same trend was observed for sed-
entary men with high WHR or waist circumference, com-
pared to lean and highly active men. Sedentary women
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with a waist circumference of 88 cm or more had almost
doubled, i.e. 97% (95% CI: 35-189%) increased mortality
risk compared to physically active women with a waist
circumference below 80 cm. BMI in men, but waist cir-
cumference in women better forecast all-cause mortality.
We found no substantial effect modification between dif-
ferent measures of adiposity and physical activity—phys-
ical inactivity and obesity seem to increase total mortality
risk independently and additively.
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Abbreviations

BMI Body mass index

CI Confidence interval

HR Hazard ratio

ICD International classification of disease
IQR Interquartile range

MET Metabolic energy turnover

PA Physical activity

PAL Physical activity level

STEPPS Subpopulation treatment effect pattern plot
wC Waist circumference
WHR Waist-to-hip ratio

Introduction

Both physical inactivity and obesity have been recognized
as important risk factors for major chronic diseases and
premature mortality in most developed and developing
countries [1]. The prevalence of physical inactivity and
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obesity is on a rapid increase and as a consequence has
resulted in major public health problems worldwide [2, 3].
Epidemiological studies have shown an inconsistent rela-
tionship between body mass index (BMI) and mortality
risk, with associations being J- or U-shaped [4—12], direct
linear [13-16] or absent [17, 18]. This could be due to the
inadequate control for smoking status and pre-existing
chronic diseases, both of which are associated with a low
BMI and an increased risk of death [19]. One possible
approach to control this bias is to disregard deaths
occurring in the initial period of follow-up and to restrict
the analyses to ‘never smokers’, without pre-existing
chronic diseases. Lately, even offspring BMI has been
used as an indicator of BMI to avoid the risk of reverse
causality when studying the association between BMI and
mortality [20].

There are several methods to measure body fatness. The
relative ease and low cost of obtaining BMI make it
commonly used in epidemiological studies and routine
clinical care. Nonetheless, it does not distinguish fat mass
from lean body mass [19], nor does it capture the distri-
bution of fat over the body [21]. With a high specificity of
detecting obesity but a lower sensitivity, centralized
obesity is not always captured by a high BMI alone [22].
Waist circumference or waist-to-hip ratio (WHR) may
offer additional insights. Pischon et al. [23] showed that
measurement of both general and centralized adiposity
provides a better assessment of the risk of death—espe-
cially among those with a lower BMI. Other studies have
shown that centralized adiposity as measured by WHR may
be a more accurate predictor of cardiovascular risk than
BMI [24], while waist circumference has been shown to
independently predict risk of type II diabetes better than
BMI and WHR [25].

A number of prospective studies [26-31] and reviews
[32, 33] demonstrate that physical activity could substan-
tially decrease mortality. However, whether the health
benefits of physical activity interact with well-known
mortality risk factors, such as obesity, has not been studied
extensively. It has been proposed that physical activity
could counteract the risk of obesity. Physical activity has
been shown to weaken, but not eliminate the heightened
risk associated with excess weight [15, 34, 35]. However,
many studies to date measure only one component of total
activity, such as leisure time or occupational physical
activity, which may not be a true representation of actual
total physical activity.

In this prospective study, we used a validated nine-step
instrument to assess total physical activity [36]. We
focused on examining the inter- and intra-relationships
between total physical activity, BMI, WHR, waist cir-
cumference and all-cause mortality in men and women in
the Swedish National March Cohort.
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Subjects and methods
Study cohort

In September 1997 we targeted a general population
cohort, the Swedish National March Cohort which has been
described in detail previously [37]. The National March,
was a 4 day national fund raising event arranged by the
Swedish Cancer Society and taking place in almost 3,600
Swedish cities and villages. All National March partici-
pants were invited to fill out a 32-page questionnaire with
detailed questions about energy intake, energy expenditure,
anthropometric measures and conceivable confounders. It
was assumed that participants would be particularly moti-
vated to provide valid and high quality exposure informa-
tion. Follow-up was facilitated by the provision of national
registration numbers (unique identification numbers
assigned to all Swedish residents), enabling accurate
tracking of health status through linkage to existing
nationwide and continuously updated databases.

Due to the character of this event, the total number of
individuals who were actually given a questionnaire could
not be assessed. In total 43,880 participants with a mean
age of 50.3 years (7.7-94.2 years old), completed the
questionnaire, but we excluded subjects due to any type of
cancer (n = 2,752), cardiovascular disease (n = 362, ICD-
10 codes: 100-199), subjects with an incorrect national
registration number (n = 12), death at time of enrollment
(n = 8), subjects below the age of 20 years at the end of
follow-up (n = 7), emigration at time of enrollment
(n = 6) and clearly inconsistent answers (n = 4). Thus,
there were 40,729 subjects included in the final analysis,
14,585 men and 26,144 women. The study was approved
by the Regional Ethical Review Board at Karolinska In-
stitutet and all subjects provided informed consent.

Baseline measures

Total physical activity was self-reported. In addition, par-
ticipants were also requested to measure and report their
height, weight, waist circumference (at the umbilicus) and
hip circumference (maximal trochanters)—for the latter
two, there was a pictured instruction in the questionnaire.

Physical activity during an average week day was esti-
mated using an instrument with nine physical activity steps
which graded physical activity according to intensity. Each
step was assigned a value expressed as a multiple of
Metabolic Energy Turnover (MET) and exemplified by
common activities. MET is defined as the ratio of work
metabolic rate to a standard resting metabolic rate of
1 keal kg~' body weight hour™ ', with 1 MET equivalent to
quiet sitting [38, 39]. The MET values assigned to the nine
different steps were 0.9, 1.0, 1.5, 2.0, 3.0, 4.0, 5.0, 6.0 and
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8.0. Participants were instructed to report the time spent on
each intensity level during an average day and night, hence
total physical activity time should add up to 24 h and allow
for an estimate of MET hours per day (METh/day) and a total
physical activity score using the equation of Z?:l t; - MET,.
This nine-step total physical activity instrument has been
previously validated giving a Pearson correlation coefficient
of 0.73 with three 24-h recalls [36]. In a validation study with
doubly labeled water as a reference, the mean difference in
PAL (physical activity level, i.e. total energy expenditure
minus basal metabolic rate) between the reference method
and the instrument was small, 0.07 [40]. The physical
activity questionnaire is available online [41].

The distribution of total physical activity was categorized
into low, medium and high levels by dividing METh/day into
tertiles, with cutoffs of 34.3 and 46.9 METh/day for males
and 31.5 and 38.9 METh/day for females, respectively.
Waist circumference was categorized according to the
International Diabetes Federation consensus defining central
obesity in Europids as a waist circumference >94 cm and
severe obesity to >102 in men and >80, respectively,
>88 cminnon-pregnant women [42]. BMI was calculated as
weight in kilograms divided by height in meters squared and
categorized as normal weight (<25 kg/m?), overweight
(25-29.9 kg/m?) and obese (>30 kg/m?). Waist-hip ratio
(WHR) was defined as the ratio of circumference of waist-to
hip; cut-offs were selected according to the clinical criteria
for central obesity, 1.0 for men and 0.8 for women.

Among possible confounders we included cigarette
smoking (never, past, current); alcohol drinking (all types
of alcoholic beverage: never, low: <3 times/month, med-
ium: 1-6 time/week, high: >1 time/day); use of vitamin
and mineral supplements (no, yes) and level of education
(7-9, 10-12 or >12 years), use of contraceptive pills (no,
yes) and hormone replacement therapy (no, yes).

Follow-up

Follow-up started on October 1, 1997 until May 31, 2007,
death or emigration, whichever came first. Mortality data
was obtained from the Swedish Death Register using par-
ticipants’ unique national registration number.

Statistical analyses

Pearson’s chi-squared tests and one-way anova models
were used to compare the differences between frequencies
and means among different levels of total physical activity,
respectively. A Cox proportional hazards regression model
with age as the underlying time variable, was fitted to
estimate hazard ratios (HRs) with 95% confidence intervals
(CIs) of all-cause mortality at different levels of total

physical activity, BMI, WHR, waist circumference and
their combinations, as compared with the reference cate-
gory, normal weight with high physical activity. Ties were
handled using the Breslow method. The ‘proportional
hazards assumption’ in the Cox regression model was
assessed by using the scaled Schoenfeld residuals, based on
the martingale and deviance residuals. We first studied the
graphical plots and then carried out formal statistical tests
of their independence over time.

Men and women were analyzed separately. The effect of
physical activity, BMI, waist hip ratio, and waist circum-
ference was studied using two sets of Cox models: adjusted
only by age at enrollment, and adjusted by age at enrollment
plus potential confounders. For men we included cigarette
smoking, alcohol drinking, use of vitamin and mineral sup-
plements, and level of education. For women, we also added
use of contraceptive pills and hormone replacement therapy.
Waist circumference was in an additional analysis adjusted
for BMI. Linear trends of HRs were tested by using the
median value of each category as a single ordinal variable in
the Cox regression model. Interactions between total phys-
ical activity and BMI, WHR or waist circumference were
assessed by including the cross-product interaction term with
the main effect terms in the Cox regression model.

In addition, to better study the functional form of the
association of total physical activity, BMI, WHR, and waist
circumference with death, a flexible regression model was
considered, based on restricted cubic splines, with four
knots, corresponding to the 5th, 25th, 75th, and 95th per-
centiles of the variables.

Statistical significance of interaction was tested using
the likelihood ratio test by comparing nested models with
and without such term. We also used a graphical technique
recently proposed. It is called subpopulation treatment-
effect pattern plot (STEPP) [43]. Using this technique, we
produced a nonparametric estimate of the physical activity
effect, simplified to a binary variable (low/high) within
strata defined by BMI, WHR and waist circumference
groups. This method is useful for identifying interactions
between an exposure binary variable and a continuous
covariate of interest. Having several subpopulations, with
overlapping tails, the overall effect for the entire sample is
visible in the middle part of the plot. With increasing
distance from the center, subjects with high values of the
covariate are removed from the left and subjects with low
values of the covariate are removed from the right.

In order to avoid the influence of a potential bias due to
early mortality in individuals with low physical activity
and low BMI caused by potential sub-clinical illness, the
analyses were repeated after excluding the first 2 years of
follow-up, current/previous smokers and subjects who had
lost weight and become underweight (BMI < 18.5 kg/m?)
between the age of 20 years and age at baseline.
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The proportion of missing BMI, WHR and waist cir-
cumference values was 4.8, 26.8 and 26%, respectively.
For the physical activity score, 1.25% of the participants
did not respond on any of the specific levels of activities.
The percentage of missing values for the other variables
that were used in the multivariate models was relatively
low, always lower than 5%.

All statistical analyses were performed with STATA
version 11.0 (Stata Corporation, College Station, TX,
USA). All reported probabilities (P-values) were two-sided
and less than 0.05 was considered statistically significant.

Results

According to Statistics Sweden, the initial cohort members
(before exclusions), were less educated; 38.9% had only
compulsory schooling, compared to 22.2% in the general
Swedish population in 1997. They were also less likely to
be smokers, 9.4% compared to 19.2% of Swedes aged

1684 at that time. These proportions slightly decreased
once selection criteria were applied. Baseline characteris-
tics of subjects (divided into three different total physical
activity levels) are shown in Table 1. In general, sedentary
men were more likely to be smokers. Both men and women
with a high level of physical activity were significantly
younger and less educated. The prevalence of alcohol
drinking was significantly lower in physically inactive
women, but there were no significant differences in alcohol
intake across different physical activity levels in men.
During 9.7 years of follow-up, there were 1943 deaths,
4.8% of the total sample (1,121 males and 822 females).
The mortality rates and HRs of all-cause death for total
physical activity are illustrated in Table 2. Compared with
a low level of physical activity, multivariate-adjusted HRs
associated with medium and high physical activity levels
were 0.76 (95% CI: 0.68-0.94) and 0.75 (95% CI:
0.63-0.90) in men. This pattern was not seen in women.
Compared with normal weight, multivariate-adjusted
HRs associated with overweight and obesity were 1.12

Table 1 Selected baseline

characteristics of participants, Variables Total physical activity P-value
categorized by total physical Low Medium High
activity levels
Male
Number of participants 4,862 4,862 4,861
Age, years (median, IQR) 54.8, 26.4 54.2, 25.3 53.3, 32.1 <0.001
Height, meters (median, IQR) 1.78, 0.9 1.78, 0.9 1.78, 0.9 0.057
Weight, kg (median, IQR) 79.0, 15.0 78.0, 13.0 78.0, 13.0 <0.001
BMI, kg/m? (median, IQR) 28.8, 4.0 24.7,3.7 24.5,3.7 <0.001
Waist circumference, cm (median, IQR) 94.0, 12.0 92.0, 11.0 92.0, 13.0 <0.001
Hip circumference, cm (median, IQR) 1003 + 9.4 99.2 £9.0 98.7 £ 9.5 <0.001
WHR (median, IQR) 0.94 + 0.09 0.93 £0.09 093 +0.09 <0.001
Education (>12 years, %) 29.4 26.8 13.9 <0.001
Current smoking (%) 8.3 7.0 8.0 <0.001
Alcohol drinking (%) 89.1 89.7 89.0 0.513
Use of vitamin and mineral supplements (%) 37.8 39.5 37.7 0.120
Female
Number of participants 8,716 8,717 8,711
Age, years (median, IQR) 51.0 + 16.6 4777 £ 153 469+ 158 <0.001
Height, meters (median, IQR) 1.65 £+ 0.06 1.66 £ 0.06  1.66 £ 0.06 0.001
Weight, kg (median, IQR) 674 +£11.2 66.2 + 10.6 655+ 104 <0.001
BMI, kg/m2 (median, IQR) 24.6 + 3.9 24.1 + 3.7 239 £ 3.6 <0.001
Waist circumference, cm (median, IQR) 82.0 £ 10.8 80.2 £ 102 79.2 +9.8 <0.001
Hip circumference, cm (median, IQR) 101.0 £ 10.3  99.6 + 12.1 98.5 £ 12.8  <0.001
WHR (median, IQR) 0.81 + 0.09 0.81 £0.10 0.81 £ 0.10 0.002
Education (>12 years, %) 28.0 34.0 27.8 <0.001
Current smoking (%) 8.70 8.13 9.09 0.020
The Swedish National March Alcohol drinking (%) 84.7 88.0 86.7 <0.001
Cohort Use of vitamin and mineral supplements (%) 52.4 534 54.0 0.114
BMI body mass index, WHR Use of contraceptive pill (%) 61.1 67.5 65.5 <0.001
waist-to-hip ratio, QR Hormone replacement therapy (%) 29.4 25.5 23.9 <0.001

interquartile range
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Table 2 Mortality rates and hazard ratios of all-cause death for total physical activity

Total physical activity P for trend*
Low Medium High

Male

Number of deaths 470 333 318

Person-years 44,652 45,541 45,380

Mortality rate” 1,001.39 773.18 762.28

HR (95% CI)° 1.00 (reference) 0.82 (0.71-0.94) 0.82 (0.71-0.95) 0.016
HR (95% CI)° 1.00 (reference) 0.76 (0.68-0.94) 0.75 (0.63-0.90) 0.003
Female

Number of deaths 384 217 221

Person-years 82,731 83,294 82,832

Mortality rate® 375.80 290.9 309.31

HR (95% CI)° 1.00 (reference) 0.85 (0.72-1.00) 0.91 (0.77-1.08) 0.366
HR (95% CI)° 1.00 (reference) 0.91 (0.74-1.11) 0.94 (0.77-1.15) 0.595

The Swedish National March Cohort
HR hazard ratio, CI confidence interval

* Mortality rates were presented as per 100,000 person-years, standardized to the age distribution of person-years experienced by all study
participants using 5-year age categories

° Adjusted for age at enrollment

¢ Adjusted for age at enrollment, body mass index, cigarette smoking status, alcohol drinking, use of vitamins and minerals, and educational
level in men; further adjusted for contraceptive pill use and hormone therapy replacement in women

4P for trend was across high and medium total physical activity compared with low total physical activity

Table 3 Mortality rates and hazard ratios of all-cause death for body mass index

BMI P for trend”
BMI < 25 BMI 25-29.9 BMI > 30

Male

Number of deaths 546 441 67

Person-years 71,179 51,112 7,386

Mortality rate® 817.42 830.77 1083.57

HR (95% CI)®
HR (95% CI)°
Female

Number of deaths
Person-years
Mortality rate®
HR (95% CI)®
HR (95% CI)°

1.00 (reference)
1.00 (reference)

447

153,270

332.09

1.00 (reference)
1.00 (reference)

1.09 (0.96-1.24)
1.12 (0.97-1.30)

231

65,495

298.95

0.92 (0.78-1.07)
1.02 (0.85-1.22)

1.65 (1.28-2.14)
1.62 (1.21-2.17)

79
18,201
453.74
1.34 (1.05-1.70)
1.35 (1.02-1.78)

0.006
0.023

0.028
0.016

The Swedish National March Cohort

HR hazard ratio, CI confidence interval

* Mortality rates were presented as per 100,000 person-years, standardized to the age distribution of person-years experienced by all study
participants using 5-year age categories

b Adjusted for age at enrollment

¢ Adjusted for age at enrollment, physical activity, cigarette smoking status, alcohol drinking, use of vitamins and minerals, and educational
level in men; further adjusted for contraceptive pill use and hormone therapy replacement in women

4P for trend was across overweight and obesity compared with normal weight
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Table 4 Mortality rates and hazard ratios of all-cause death for
waist-hip ratio

WHR P-value
<1 >1

Male

Number of deaths 741 95

Person-years 79,600 10,017

Mortality rate® 809.58 817.94

HR (95% CI)b 1.00 (reference) 1.01 (0.82-1.26) 0.893

HR (95% CI)° 1.00 (reference) 1.18 (0.94-1.49) 0.159
<0.8 >0.8 P-value

Female

Number of deaths 256 404

Person-years 93,532 98,557

Mortality rate® 289.43 340.72

HR (95% CI)® 1.00 (reference) 1.13 (0.97-1.33) 0.140

HR (95% CI)¢ 1.00 (reference) 1.18 (0.98-1.41) 0.076

The Swedish National March Cohort
HR hazard ratio, CI confidence interval

4 Mortality rates were presented as per 100,000 person-years, stan-
dardized to the age distribution of person-years experienced by all
study participants using 5-year age categories

° Adjusted for age at enrollment

¢ Adjusted for age at enrollment, physical activity, cigarette smoking
status, alcohol drinking, use of vitamins and minerals, and educational
level in men; further adjusted for contraceptive pill use and hormone
therapy replacement in women

(95% CI: 0.97-1.30), and 1.62 (95% CI: 1.21-2.17) in
men, and 1.02 (95% CI: 0.85-1.22) and 1.35 (95% CI:
1.02-1.78) in women, respectively (Table 3).

WHR was not significantly associated with all-cause
mortality risk, but tended to increase the risk in both men
and women (Table 4). From the smoothed plot it is
apparent that the effect levels off for high values of WHR
in both sexes (Fig. 1). Hip circumference was not associ-
ated with all-cause mortality risk either (data not shown).
Compared with a healthy waist circumference, multivari-
ate-adjusted HRs associated with central obesity were 1.30
in men, and 1.35 in women, respectively. The P value for
linear trend was statistically significant in both genders
(Table 5), but as seen from the graph (Fig. 1) careful
interpretation must be paid in this case. Furthermore, when
adjusting the effect of waist circumference for BMI, the
multivariate-adjusted HRs decreased to 1.10, 95% CI:
0.85-1.42 among men and 1.26, 95% CI: 0.96-1.65 among
women. Given these confidence intervals, the change was
not substantial.

The statistical analysis of the combined effect of phys-
ical inactivity and anthropometric measures on all cause
mortality risk did not reveal a consistent pattern of
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interaction between the factors being investigated. The
joint effects, based on the underlying categorical variables
(BMI, WHR and waist circumference) are shown in Fig. 2.

The negative combined effect of inactivity and rising
waist circumference in women was captured by a hazard
ratio increasing from 1.59 (95% CI: 1.09-2.34) to 1.71
(95% CI: 1.16-2.51) and 1.97 (95% CI: 1.35-2.89) com-
pared to women with low waist circumference and high
physical activity (P for interaction <0.05). A less clear
effect (P for interaction = 0.13) was seen for men, with a
mortality hazard ratio of 1.68 (95% CI: 1.25-2.27) when
comparing inactive men with high waist circumference to
physically active men with low waist circumference. There
were no significant interactions between physical inactivity
and BMI (P = 0.25 in men and 0.36 in women), or
physical inactivity and WHR (P = 0.33 in men and 0.79 in
women). But in the absence of interaction the two risk
factors are additive; comparing men with a normal BMI
and high total physical activity, to sedentary men with a
BMI over 30, the latter group had a multivariate-adjusted
HR of 1.98 (95% CI: 1.30-3.01).

In Fig. 3 we show the results obtained by fitting the
STEPP to our data once we stratified by gender. Indepen-
dently of strictly statistical significance for the interaction,
the plots suggest that the protective effect of high physical
activity is somewhat weaker for lean subjects.

The analyses were repeatedly performed after excluding
the person-years and deaths occurring during the first
2 years of follow-up, previous and current smokers, and
individuals who lost significant weight (as defined earlier)
before enrolling in the present cohort study. None of the
aforementioned relation patterns were appreciably altered
among women, however, the multivariate-adjusted HR
increased among obese men with a BMI > 30 2.59 (95%
CI: 1.73-3.87) or a waist circumference >102 cm 1.54
(95% CI: 1.16-2.05).

The moderate proportion of missing values for BMI, and
the higher proportion of missing values for the waist cir-
cumference and WHR were not associated with our main
confounders. As a consequence, statistical inference barely
changed when imputation methods were applied (results
not shown). The assessment of proportional hazard in Cox
regression was fulfilled in all fitted models.

Discussion

In our study, obese men with a low level of total physical
activity had a 98% increased all-cause mortality risk
compared with normal weight men with high level of total
physical activity. Women with a high waist circumference
and a low level of total physical activity also had an almost
doubled all-cause mortality risk compared with women
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Fig. 1 Adjusted hazard ratios (HR) to study the association between
overall mortality and physical activity (MET*h/day), body-mass
index (BMI), waist-to-hip ratio (WHR), and waist circumference.
Solid lines are the HRs and dashed lines are 95% confidence intervals
derived from restricted cubic spline regression, with knots at the Sth,

who had a low waist circumference and high level of total
physical activity.

Several prospective studies have evaluated the joint
effects of physical activity and obesity with total mortality.
In a cohort of middle-aged and elderly men, physically
active obese and overweight men had a 60% higher death
rate from all causes than lean active men. Furthermore, the
high level of physical activity did not compensate the
excess mortality associated with obesity or overweight
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25th, 75th, and 95th percentiles of the sex-specific distribution of each
anthropometric variable. Reference values are the median of the
corresponding reference class. Plots, on logarithmic scale, range
around 99% of the distribution

[44]. The Lipid Research Clinics Study assessed the effects
of fitness and fatness on longevity [45]. Although there
were no significant interactions on all-cause mortality
between fitness and fatness in either men or women, there
was an increased multivariate-adjusted mortality risk both
in men and women who were categorized as fit-fat, unfit-
unfat, and unfit-fat compared with those categorized as fit-
unfat. In our study, we did not assess fitness, although
physical activity is one of the primary determinants of
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Table 5 Mortality rates and hazard ratios of all-cause death for waist circumference

WAIST
<94 cm >94-102 cm >102 cm P-value for trend?
Male
Number of deaths 400 257 199
Person-years 48,840 26,448 15,935
Mortality rate® 783.83 755.56 999.94

HR (95% CI)®
HR (95% CI)®

1.00 (reference)
1.00 (reference)

1.00 (0.85-1.17)
0.97 (0.80-1.16)

1.34 (1.13-1.59)
1.30 (1.07-1.58)

0.004
0.032

<80 cm >80 to >88 cm >88 cm P-value for trend?
Female
Number of deaths 234 225 203
Person-years 97,081 54,748 41,786
Mortality rate* 279.57 340.13 349.90

HR (95% CI)°
HR (95% CI)*®

1.00 (reference)

1.00 (reference)

1.20 (1.00-1.44)
1.32 (1.07-1.63)

1.23 (1.02-1.49)
1.35 (1.08-1.67)

0.030
0.009

The Swedish National March Cohort
HR hazard ratio, CI Confidence interval

4 Mortality rates were presented as per 100,000 person-years, standardized to the age distribution of person-years experienced by all study

participants using 5-year age categories
° Adjusted for age at enrollment

¢ Adjusted for age at enrollment, physical activity, cigarette smoking status, alcohol drinking, use of vitamins and minerals, and educational
level in men; further adjusted for contraceptive pill use and hormone therapy replacement in women

4 P for trend was across overweight and obesity compared with normal weight as measured by waist

fitness. Even moderate levels of physical activity can
improve cardiorespiratory fitness to a level associated with
substantial health benefits [46].

BMI, WHR and waist circumference are all measures of
adiposity and are positively associated with total mortality
[1], but such associations may be sex, and/or age depen-
dent. The Buffalo Health Study demonstrated that there
was an increased risk of death associated with increased
BMI in men, but not in women [47]. The Malmé Diet and
Cancer Study reported a significant multivariate-adjusted
dose-response relationship between WHR (independent of
overall body fat) and all-cause mortality in women, but not
in men [48]. Recently the European Prospective Investi-
gation into Cancer and Nutrition (EPIC) found the highest
relative risk of death among the participants in the lowest
third of BMI and the highest quintile of waist circumfer-
ence or WHR, independent of gender [23]. Bender et al.
showed that mortality associated with obesity decreased
with age in both sexes [49], and Gulsvik et al. found that a
low BMI was an independent risk factor of mortality in
elderly in a large population sample followed for 42 years
[50]. Another prospective study of mortality showed that
BMI had U-shaped and negative linear functions in
younger and older women, respectively, but WHR had
positive linear trends both in younger and older women

@ Springer

[51]. Recently, a Danish study of anthropometric measures
found that hip circumference was positively associated
with venous thromboembolism in women [52]. We could
not see an association between hip circumference and
mortality in our study.

However, we found an age and multivariate-adjusted
dose-response risk of total mortality with increasing BMI
and waist circumference, which was significant in both
men and women. No clear pattern was seen for WHR, for
either gender—but WHR may be more difficult to interpret
since it could reflect an effect of larger waist as well as a
smaller hip circumference [21], while waist circumference
alone is more strongly correlated with visceral adiposity
[53].

Some prospective studies [4—10, 54] and a meta-analysis
[1] have suggested a J- or U-shaped relationship between
BMI and total mortality. A review of guidelines for a
healthy weight by Willett et al. [19] suggests that reverse
causation and confounding factors (particularly smoking)
could distort this relationship. As such, in our analyses, we
excluded subjects with cardiovascular diseases (ICD10
codes: 100-199) and any types of cancer at baseline and
carried out multivariate adjustment for potential con-
founders, including smoking status. The sensitivity analy-
ses excluding death occurring during the first 2 years of
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Fig. 2 Adjusted hazard ratios and 95% confidence intervals for sex
specific overall mortality, as a function of tertiles of physical activity
(PA) and body mass index (BMI), waist-to-hip ratio (WHR), and
waist circumference estimated by Cox proportional hazard regression.

follow-up, previous and current smokers and subjects who
had lost significant weight since the age of 20, did not alter
the association, but rather enhanced them among men.

|
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35
Hazard Ratio

The reference group is the category associated with high physical
activity and normal body mass index, low waist-to-hip ratio and low
waist circumference

Our study has several strengths. First, this was a pro-
spective homogeneous population- based study comprising
a large number of both men and women. Second, the period
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0
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Waist
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Fig. 3 Hazard ratios and 95% confidence intervals to study the effect
of physical activity (high/low) as a continuous function of body mass
index (BMI), waist-to-hip ratio (WHR), and waist circumference, on
total mortality, using STEPPS (subpopulation treatment-effect pattern

of follow-up was sufficiently long, almost 10 years, during
which mortality were ascertained without losses to follow-
up. Third, we use a validated instrument designed to cap-
ture the whole spectrum of habitual physical activity fre-
quently missed in other studies using more simplified
methods of inquiry.

Several potential limitations of our study warrant further
consideration. All data were obtained by self-report at
baseline, which might result in distorted inter-relationships
between physical activity, BMI, WHR, waist circumfer-
ence and total mortality, because obese people commonly
overestimate their physical activity [15] and underestimate
self-measured WHR [55]. Overestimation of height and
underestimation of weight might also result in misclassi-
fication of BMI, although such errors tend to be small [56,
57]. Nevertheless, self-measured and self-reported weight,
waist and hip circumference have been found to be rea-
sonably valid. Rimm et al. [58] conducted a validation
study where 123 men (aged 40-75 years) and 140 women
(aged 41-65 years) were asked to self-report weight, waist
and hip circumference in a questionnaire. When comparing
this to standardized measurements the crude Pearson cor-
relation coefficients were between 0.69—-0.97 for men and
0.7-0.97 for women.

The proportion of missing BMI values was rather low,
and men and women had the same propensity in reporting
their BMI. The distribution of BMI was virtually identical
among those who did and did not report waist circumference

@ Springer

WHR

9 1 60 70 80 90 100
Waist

plot, the tail oriented variant), adjusting for age at enrollment,
cigarette smoking status, alcohol drinking, vitamins and mineral use,
and educational level in men, and for women additionally adjusted for
contraceptive pill use and hormone therapy replacement

and waist-to-hip ratio. However, women were more often
able to report their waist circumference and waist-to-hip
ratio. It has previously been shown that women are more
willing to respond to questionnaires overall [59-61], and
this might also apply to response pattern of individual
questions.

The lack of follow-up of anthropometric measures is
further a limitation of this study. Body fat distribution may
have changed during the follow-up, but this is usually a
slow process. A longitudinal study showed that the varia-
tion of body weight and adipose tissue distribution was
surprisingly stable throughout a similar time span as our
study [62]. There is a chance that changes in physical
activity over time could influence our results. Other
unmeasured confounders might also bias the observed
associations between total physical activity, BMI, WHR,
waist circumference and total mortality.

We conclude that both physical inactivity and adiposity
increase total mortality risk independently. Although there
are no significant interactions between physical inactivity
and anthropometric measures, the additive effect of being
both obese and physically inactive increase mortality risk
further.
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