o

http://www.diva-portal.org

This is the published version of a paper published in European Journal of Preventive
Cardiology.

Citation for the original published paper (version of record):

Hemmingsson, E., Viisdnen, D., Andersson, G., Wallin, P., Ekblom Bak, E. (2022)
Combinations of BMI and cardiorespiratory fitness categories: trends between 1995
and 2020 and associations with CVD incidence and mortality and all-cause mortality in
471 216 adults.

European Journal of Preventive Cardiology, 29(6): 959-967
https://doi.org/10.1093/eurjpc/zwab169

Access to the published version may require subscription.

N.B. When citing this work, cite the original published paper.

(c) The Author(s) 2021. Published by Oxford University Press on behalf of the European
Society of Cardiology. This is an Open Access article distributed under the terms of the
Creative Commons Attribution-NonCommercial License (https://creativecommons.org/
licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction
in any medium, provided the original work is properly cited. For commercial re-use, please
contact journals.permissions@oup.com.

Permanent link to this version:
http://urn.kb.se/resolve?urn=urn:nbn:se:gih:diva-6826



@ESC

European Journal of Preventive Cardiology FULL RESEARCH PAPER

European Society doi:10.1093/eurjpc/zwab169

of Cardiology

Combinations of BMI and cardiorespiratory
fitness categories: trends between 1995 and
2020 and associations with CVD incidence and
mortality and all-cause mortality in 471 216

adults

Erik Hemmingsson', Daniel Vﬁisinen1, Gunnar Anderssonz, Peter Wallinz, and
Elin Ekblom-Bak ® '*

1Departme.nt of Physical Activity and Health, The Swedish School of Sport and Health Sciences, PO Box 5626, 114 86 Stockholm, Sweden; and ?Research Department, Health
Profile Institute, PO Box 35, 182 11 Danderyd, Sweden

Received 1 July 2021; revised 25 August 2021; editorial decision 28 September 2021; accepted 29 September 2021

Methods
and results

Keywords

To describe time trends in combinations of cardiorespiratory fitness (CRF) and body mass index (BMI) status, and
to analyse their associations with cardiovascular disease (CVD) incidence and mortality and all-cause mortality.

Prospective cohort study with data from occupational health screenings in Swedish employees, including
n=471216 (aged 18—74 years) between 1995 and 2020, and n=169 989 in risk analyses. Cardiorespiratory fitness
was estimated from a submaximal cycle test. High CRF was defined as top quartile, and low CRF as bottom quar-
tile. Body mass index was used to define normal weight (18.5-24.9 kg/m?), overweight (25.0-29.9 kg/m?), and obes-
ity (>30kg/m?). Outcome data (CVD incidence and mortality, all-cause mortality) were obtained from national
registers. From 1995 to 2020, the combination of obesity +low CRF increased from 2.1% to 5.3% (relative in-
crease 154%) whereas the combination of normal weight + high CRF decreased from 13.2% to 9.3% (—30%) (both
P<0.001). Negative changes were more pronounced in men, younger ages, and non-university educated. At the
end of the period, prevalence of obesity +low CRF were higher in men vs. women (3.1% vs. 2.2%), older vs.
younger (3.7% vs. 1.7%), and in non-university vs. university educated (5.0% vs. 0.3%), all P-value <0.001. Having a
high CRF attenuated the risk of all three outcomes in all BMI categories, especially in individuals with obesity (haz-
ard ratio 3.90 vs. 6.67 for CVD mortality). Both a low BMI and a high CRF prolonged age of onset for all three
outcomes.

The combination of obesity with low CRF has increased markedly since the mid-90s, with clear implications for
increased CVD morbidity and mortality, and all-cause mortality.
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Introduction

Obesity and low cardiorespiratory fitness (CRF) are two main risk
factors for multiple morbidities, including cardiovascular disease
(CVD) and associated mortality.! The prevalence of obesity has
increased in most Western countries, including Sweden, commonly
following a socioeconomic gradient.>™* While trend analyses on car-
diorespiratory CRF are less common, levels of CRF (or proxies
thereof) appear to be in general decline.”~

It is less clear how combinations of CRF and body mass index
(BMI) status have developed in recent years. Some research has eluci-
dated the combined contribution of these two common risk predic-
tors to excessive morbidity and mortality,® '° larger population-
based samples are lacking with potential to study any variation in time
trends or effects on different outcomes between genders, age
groups, and socioeconomic status. Since obesity remains largely re-
sistant to conventional treatment,’""? due to such factors as pro-

13-15 -
there is a need to

longed alterations in metabolism and appetite,
understand and clarify how CRF may potentially attenuate the excess
health risks in individuals with obesity.s'“'_18 Prevention of obesity
has likewise proven to be a considerable challenge, meaning that
health promotion strategies for individuals with existing obesity are a
clear priority."”* Along with dietary changes, an increase in physical
activity (commonly resulting in increased CRF) is one of the main
strategies.

We aimed to quantify time trends for combinations of normal
weight, overweight, and obesity with high or low CRF in a large
population-based sample of the Swedish working population from
1995 to 2020. We also describe the same trends in gender, age, and
education level categories. Finally, we analysed how combinations of
BMI and CRF status were associated with CVD morbidity and mor-
tality, and all-cause mortality in the same gender, age, and education
level categories.

Methods

This study used data from the Health Profile Assessment (HPA) data-
base, managed by the HPI Health Profile Institute (HPI, Stockholm,
Sweden). Health Profile Assessment is an interdisciplinary method?’
comprised by a questionnaire with data on current lifestyles, previous
and current physical activity habits, perceived health, and overall
stress; anthropometry testing with data on body weight and height; a
submaximal ergometer CRF test; and an in-depth interview with a
HPA coach regarding the collected data. Participation is optional and
free of charge for the individual and offered to all employees working
for a company or organization connected to occupational or other
health services. The Health Profile Institute was responsible for stand-
ardization of methods, education of data collection staff, and adminis-
tration of the central database.

Study population—time trend analyses

From October 1982 until November 2020, data from a total of
559927 men and women were registered and stored in a central data-
base. The annual inclusion rate was substantially lower in the forma-
tive years (1982:n=1, 1994: n=891), compared to more recent years
(1995: n=1350, last full year of data 2019: n =29 839). We therefore
restricted our analysis to include only the years 1995-2020
(N=558372). Of these, n=471216 (aged 18-74years) provided

valid data for CRF, BMI, gender, and educational level and were
included in the time trend analyses.

Study population—risk analyses

For the risk analyses, we included all participants in the HPA database
with valid data from a HPA since 1982 on BMI and CRF (n=472771),
within the age span 18-74years (excluding n=122), with valid data on
the covariates included in the multi-adjusted analyses (excluding
n=125834), with data on outcomes from national registers until 31
December 2019 (excluding n=6691 who performed their HPA after
that date) and with no previous history of CVD (excluding n= 1700 with
previous CVD). Hence, we had data from n =338 424 participants for the
risk analyses. As only high vs. low CRF were included in risk analyses,
n=169 989 participants are included (see Statistics below).

Assessment and categorization of obesity

and cardiorespiratory fitness
Body mass was assessed with a calibrated scale in light-weight clothing
to the nearest 0.5 kg. Body height was measured to the nearest 0.5 cm
using a stadiometer. Body mass index (kg/m?) was subsequently calcu-
lated. We defined normal weight as a BMI 18.5-24.9 kg/m?, over-
weight as BMI 25.0-29.9 kg/m?, and obesity as BMI >30.0 kg/m?.
VO,max was estimated from the standardized submaximal Astrand
cycle ergometer test in L/min,? and expressed in relation to height
squared to minimize influence of body size (L/min/m?). To minimize
well-known errors with submaximal testing, participants were
requested to refrain from vigorous activity the day before the test,
consuming a heavy meal 3 h and smoking/snuff use 1 h before the test,
and avoiding stress. Previous validation studies on adult population
samples show small and non-significant mean differences on group
level [—0.07 L/min 95% confidence interval (Cl) —0.21 to 0.06] be-
tween estimated VO,max using the Astrand protocol and direct
measured VO,max during treadmill running with an absolute error
and coefficient of variance similar to other submaximal tests
(Standard error of estimate=0.48 L/min, coefficient of var-
iation = 18.1%).%> We used bottom quartile (cut-off 25th percentile,
<0.777 Limin/m? for men and <0.727 for women) to define low CRF
and the top quartile (cut-off 75th percentile, >1.080 L/min/m? for
men and >1.010 for women) as high CRF. The quartile cut-offs were
derived from the entire sampling period (i.e. 1995-2020).

Assessment of covariates

Highest educational attainment at the time for the HPA was obtained
from Statistics Sweden, by linking the participant personal identity num-
ber and defined as non-university and university attainment. Current ex-
ercise, smoking, diet, and overall stress were all self-reported using the
following statements; | exercise for the purpose of maintaining/improving my
physical fitness, health and well-being... with the alternatives Never,
Sometimes, 1—2 times/week, 3-5 times/week, or At least 6 times/week; |
smoke. . . with the alternatives At least 20 cig/day, 11-19 cig/day, 1-10 cig/
day, Occasionally, or Never; | consider my diet, regarding both meal frequency
and nutritional content to be. . . with the alternatives Very poor, Poor, Neither
good nor bad, Good, or Very good; and | perceive stress in my life, both in my pri-
vate life and at work. .. with the alternatives Very often, Often, Sometimes,
Rarely, or Never.

Cardiovascular disease and mortality events

All participants were followed from their health assessment test to the
first CVD event, death or until 31 December 2019. Incident cases of first-
time CVD event prior (for exclusion) and after the health assessment

1202 48q0100 ZZ uo Jesn uejoysboysnolp| Aq 9€+90+9/691 qemz/odlina/c601L 0 | /10p/alonle-soueape/adling/woo dno-olwspese//:sdny woJj papeojumoq



Combinations of BMI and cardiorespiratory fitness categories

test (ICD10 codes 120, 121, 125, 146, 163, 164, 165, 166) and death from any
cause were ascertained through the Swedish national cause of death
registry and the national in-hospital registry. For cause-specific mortality
analyses, the same ICD codes as for incident cases were used to define
CVD as the main underlying cause of death.

Ethical standards

This study was conducted according to the guidelines laid down in the
Declaration of Helsinki and all procedures involving research study par-
ticipants were approved by the Stockholm Ethics Committee (Dnr 2015/
1864-31/2 and 2016/9-32).

Statistics

For trend analyses, we calculated six main categories: (i) normal weight +
high CRF, (i) normal weight 4 low CRF, (iii) overweight 4 high CRF,
(iv) overweight + low CRF, (v) obesity 4 high CRF, and (vi) obesity +
low CRF. All performed years of HPA were grouped into 2-year periods
(except the first period where we used 5 years) for reduced sampling var-
iations and increased power: 1995-2000, 2001-02, 2003-04, 2005-06,
2007-08, 2009-10, 2011-12, 2013-14, 201516, 2017-18, and 2019-20.
In cases where participants had data from more than one time period,
only data from the first measurement were used. Direct standardization
was used to acquire CRF rates adjusted by gender, age, and education
level for each year group to the level of the population of aged 18-
74 years in Sweden (n=6991720) (data from national register data,
www.scb.se). Logistic regression models adjusted for gender, age, and
educational level were applied to study significant changes of each of the
six risk categories over time. To study interaction between subgroups, an
interaction term (2-year group x sub-group) was introduced, and signifi-
cant interaction(s) were defined as P-value <0.05 for the interaction
term.

For the risk analyses, first we used Cox regression to quantify hazard
ratios (HRs) and 95% CI for quantification of the strength of association
between our six risk categories and our outcome variables (CVD inci-
dence, CVD mortality, and all-cause mortality). The proportionality as-
sumption was examined using scaled Schéenfeld residuals, detecting zero
slopes for the scaled Schoenfeld residuals on functions of time for out-
comes. Two adjustment models were used, model 1 including adjustment
for gender, age, and performed year of the HPA, and model 2 including
additional adjustment for educational level, exercise habits, smoking, diet,
and perceived overall stress. We performed additional sensitivity analyses
excluding the first 2 years of follow-up, to minimize the potential influ-
ence of reverse causation. To study interaction between subgroups, an
interaction term (performed year X sub-group) was introduced in the
Cox regression analyses. Significant interaction(s) were defined as P-value
<0.05 for the interaction term. Population attributable risk (PAR) was cal-
culated (assuming causality) from the risk category-specific HR estimate
and the prevalence of the factor, using the equation PAR =% of cases
exposed to the factor x 100 x (HR — 1)/HR. Age at event and death was
calculated as estimated marginal means adjusting for gender and age at
testing using general linear modelling. The statistical analyses were con-
ducted using IBM SPSS (Statistical Package for the Social Sciences for
Windows), version 27.0.0, 2019, SPSS Inc., Chicago, IL, USA and R version
4.0.5 with the package suit Tidyverse.

Results

Cohort characteristics
The proportion of men and women varied across sampling peri-
ods, with increasingly more men participating in HPAs

(Supplementary material online, Table S1). Participation rates by
age group (18—49 and 50-74 years) were similar across sampling
periods, but with a continuous trend of more participants with
university, and fewer with non-university, educational level from
inception to 2019-20.

Trends in obesity and cardiorespiratory

fitness combination categories

In the trend analyses (Table 1 and Figure 1), two distinct patterns
were evident: a reduction of the normal weight + high CRF category
(from 13.2% to 9.3%, relative change —30%), and a concomitant in-
crease in the overweight + low CRF (8.6-11.5%, relative change
+34%) and obesity + low CRF (2.1-5.3%, relative change +154%)
categories, respectively.

Men and participants with non-university education had a steeper
increase in obesity + low CRF prevalence compared to women and
participants with university education (P=0.070 and P=0.019 for
interaction), with similar trends seen for overweight + low CRF in
younger compared to older participants (P<0.001) (Figure 2 and
Supplementary material online, Table S2). All above had a steeper de-
crease in normal weight + high CRF (P <0.001) compared to their
counterparts. At the end of the study period (year 2019-20), the
standardized prevalence of obesity + low CRF was higher in men
compared to women (3.1% vs. 2.2%), older compared to younger
(3.7% vs. 1.7%), and in non-university compared to university edu-
cated (5.0% vs. 0.3%).

Impact of body mass index and
cardiorespiratory fitness categories on
cardiovascular disease incidence,
cardiovascular disease mortality, and

all-cause mortality

A total of 7141 cases of first-time CVD, 536 CVD deaths, and 5744
deaths due to all causes occurred over mean follow-up time of
9.8years [standard deviation (SD) 5.5] and 9.9years (SD 5.5),
respectively.

Our main analyses of the associations between the six categories
of BMI and CRF with our three outcome variables (incident CVD,
CVD mortality, and all-cause mortality) are shown in Table 2 and
Figure 3. Compared with our reference category (normal weight +
high CRF) there were significant differences in HRs both in terms of
increasing BMI (independent of CRF) and with low CRF (independent
of BMI) for all three outcomes. Hazard ratios were particularly high
for CVD mortality for the obesity + low CRF category (6.67, 95% ClI
2.94-15.13).

There were significant interactions between the combined CRF
and BMI categories and age groups (P <0.001) for CVD incidence
(younger age group experiences greater risk increase) and all-cause
mortality (older age group experiences greater risk increase).
Borderline or non-significant interactions were seen for gender
(P=0.73 for CVD incidence, P=0.09 for all-cause mortality) and for
educational level (P=0.07 for CVD incidence, P=0.48 for all-cause
mortality) and the combined CRF and BMI categories.
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Table |
the main risk analyses (n = 169 989)

Participant characteristics across the different sampling periods for the trend analyses (n = 471 216), and for

Years Normal weight Overweight Obesity Total N
High CRF Low CRF High CRF Low CRF High CRF Low CRF

Trend analysis
1995-2000 14.6% 12.4% 10.4% 7.3% 2.7% 1.8% 17532
2001-2002 14.1% 12.9% 10.5% 7.4% 2.9% 2.2% 16242
2003-2004 12.5% 15.0% 8.9% 8.7% 2.5% 2.2% 31854
2005-2006 12.1% 13.8% 9.5% 9.0% 2.9% 2.6% 39944
2007-2008 11.9% 13.1% 9.8% 9.0% 3.3% 2.8% 44792
2009-2010 12.9% 12.0% 10.1% 8.8% 3.5% 2.9% 38411
2011-2012 12.9% 12.1% 10.2% 9.1% 3.2% 3.1% 58648
2013-2014 12.0% 12.6% 9.7% 10.0% 3.1% 3.6% 69613
2015-2016 10.6% 12.6% 9.6% 10.4% 3.2% 4.0% 58151
2017-2018 10.9% 11.4% 9.5% 9.3% 3.5% 4.1% 56738
2019-2020 11.0% 10.7% 9.9% 9.7% 3.6% 4.3% 39291
Relative change —24.5% —14.0% —4.7% 33.2% 29.9% 138.0%

Risk analysis
N (% women) 42420 (54%) 43085 (57%) 33279 (33%) 30235 (37%) 10812 (47%) 10158 (38%)
Age (years) 355 (94) 46.6 (11.1) 383(9.7) 49.9 (9.6) 39.0 (94) 48.5 (9.9)
No regular exercise 15% 43% 20% 48% 32% 57%
Daily smoker 6% 14% 7% 13% 10% 13%
Poor diet 4% 5% 7% 6% 13% 12%
University degree 41% 25% 28% 17% 19% 14%
Often perceived stress 16% 14% 14% 1% 16% 13%

CVD incidence
n (%)

279 (0.7%)

1166 (2.7%)

464 (1.4%)

1298 (4.3%)

176 (1.6%)

409 (4.0%)

Follow-up years 10.1 (5.6) 10.0 (5.4) 9.9 (54) 9.3(5.3) 94 (5.3) 84 (5.2)

Incidence rate 6.5 27.0 141 46.4 174 48.0
Mortality

CVD, n (%) 7 (0.02%) 95 (0.2%) 30 (0.1%) 107 (0.4%) 10 (0.1%) 48 (0.5%)

Follow-up years 10.2 (5.6) 10.2 (5.5) 9.9 (5.5) 9.5(5.3) 9.4 (5.3) 8.6 (5.3)

Incidence rate 0.2 22 0.9 37 1.0 55
All-cause, n (%) 255 (0.6%) 1192 (2.8%) 290 (0.9%) 970 (3.2%) 131 (1.2%) 325 (3.2%)
Incidence rate 59 27.2 8.8 337 12.8 371

Data are presented as % or mean (SD). Incidence rate presented as cases per 10 000 person-years.
CREF, cardiorespiratory fitness; CVD, cardiovascular disease; SD, standard deviation.

Populations attributable risks and age at

Sensitivity analyses

event

Population attributable risks (compared to our reference cat-
egory of normal weight + high CRF) ranged from 2% to 14% for
CVD incidence, 3% to 26% for CVD mortality, and 1% to 21% for
all-cause mortality (Table 3). The overweight 4+ low CRF cat-
egory had a higher PAR (14%, 26%, and 20% for CVD incidence,
CVD mortality, and all-cause mortality, respectively) compared
to the obesity + low CRF category (6%, 14%, and 10%, respect-
ively), mainly due to the higher prevalence of overweight + low
CRF compared to obesity + low CRF. Obesity + low CRF cat-
egory was in general 1.0-1.6 years younger at CVD onset com-
pared to normal weight categories and overweight + high CRF
(P<0.05).

To minimize potential bias from reverse causation, we performed a
sensitivity analysis where we excluded the first 2 years of follow-up
(see Table 2). Hazard ratios were generally somewhat attenuated, al-
though not sufficiently to materially alter our initial main findings.

Discussion

Main findings

In this large cohort of Swedish employed adults, including both men
and women with a wide range in age and education levels, with ob-
jective measurements of BMI and CRF spanning 25 years, we noted a
consistent and marked increase in the combination of both
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Figure | Time trends in prevalence of combinations of cardiorespiratory fitness (low: first quartile, high: fourth quartile) and body mass index status
(normal weight: body mass index <25 kg/m?, overweight: body mass index >25 to <30kg/m? and obesity: body mass index >30kg/m?) in Swedish
adults (n=471216), 1995-2020. All data are standardized across time periods to minimize the influence of sampling variations in gender, age, and edu-

cational level. Shaded areas indicate 95% confidence intervals.
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Figure 2 Time trends in prevalence of combinations of cardiorespiratory fitness (low: first quartile, high: fourth quartile) and body mass index status
(normal weight: body mass index 18.5-24.9 kg/m?, overweight: body mass index 25-29.9 kg/m?, and obesity: body mass index >30kg/m?) in Swedish
adults (n=471216), across gender (A-C), age (D—F), and educational level (G-I), 1995-2020. All data are standardized across time periods to minimize
the influence of sampling variations in gender, age, and educational level. CRF, cardiorespiratory fitness. Shaded areas indicate 95% confidence

intervals.

overweight + low CRF and obesity 4 low CRF. There was also a sig-
nificant reduction in the prevalence of the normal weight + high CRF
combination. These changes were more pronounced in men, age
<50years and in non-university educated individuals. Taken together,

this clearly demonstrates that there has been a considerable decline
in the physical health status of the adult population.

When comparing risks between fit/unfit individuals with over-
weight and obesity, high CRF was generally associated with a reduced
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Combinations of BMI and cardiorespiratory fitness categories
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Figure 3 Combinations of cardiorespiratory fitness and body mass index status with (A) cumulative cardiovascular disease incidence, (B) cardiovas-
cular disease mortality, and (C) all-cause mortality in (n = 169 989). Adjusted according to model 2. CRF, cardiorespiratory fitness; CVD, cardiovascu-

lar disease.

risk for all three outcomes, with a more pronounced positive contri-
bution of high CRF on CVD mortality. When teasing out the relative
contribution of obesity and low CRF on health, our data indicate that
obesity was a more potent driver of CVD incidence and all-cause
mortality than low CRF, independently of other known risk factors
including smoking and stress, whereas low CRF appeared to be ap-
proximately equal with obesity for determining the risk of CYD mor-
tality. The generally lower risks noticed in individuals with normal
weight or overweight and high CRF (compared to obesity and low
CRF) translated to 1.5years delay in CVD onset and 1.3-3.3 more
years of life expectancy (for CVD mortality).

Moreover, these findings were seen across important subgroups,
such as men and women, older and younger individuals, and across
educational levels. Removing the first 2 years of follow-up, to

minimize the risk of bias from reverse causation, did not materially
alter our findings.

Previous studies

Previous trend studies have reported a decrease in CRF and an in-
crease in BMI,*>” however, trend analyses of combinations in CRF
and BMI status is lacking. In a previous paper, we have reported an
general decrease in relative CRF (assessed as estimated VO,max in
mL/min/kg) between 1995 and 2017 by 10.8% in the same study
population (with fewer participants),” which was later confirmed in
complied international data from eight different high- and upper-
middle-income countries between 1967 and 2016.” Decreases were
defined in both papers to be more pronounced in men and younger
ages, and in the previous paper also in low/middle educational level.
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Table3 Combinations of cardiorespiratory fitness and body mass index status on age at onset/death as well as popula-
tion attributable risks for cardiovascular disease incidence and mortality, and all-cause mortality (n = 169 989)

Normal weight + Normal weight + Overweight +

high CRF low CRF
CVD incidence
Age at onset, mean years (SEE)* 61.2 (0.30)° 60.9 (0.15)°
Population attributable risk (%) 7
CVD mortality
Age at death, mean years (SEE)? 65.3 (2.01) 63.1 (0.54)

Population attributable risk (%) 21
All-cause mortality

Age at death, mean years (SEE)? 62.0 (0.34) 62.5 (0.15)

Population attributable risk (%) 21

Overweight + Obesity + Obesity +
high CRF low CRF high CRF low CRF
61.5 (0.24)>¢ 60.4 (0.14) 60.4 (0.38) 59.9 (0.24)

3 14 2 6
63.3 (0.95) 62.9 (0.49) 62.7 (1.63) 62.0 (0.74)
7 26 3 14
62.5(0.31) 62.3 (0.17) 62.9 (0.46) 61.8 (0.29)
1 20 3 10

CREF, cardiorespiratory fitness; CVD, cardiovascular disease; HPA, Health Profile Assessment; SEE, standard error of estimate.

“Estimated marginal means, adjusting for gender and age at the time point for HPA.

®Significantly different from the obesity 4 low fitness category after adjustment for multiple testing.

SSignificantly different from overweight + low CRF after adjustment for multiple testing.

An increase in obesity (+86%) and severe obesity (+153%) during
the last decades have also been observed in Sweden,”* with a steeper
increase in BMI and levels of obesity in rural parts and in those with
lower education levels.**®

Several investigations have been carried out on the contribution of
CRF and BMI on chronic disease and mor'tality.g’10‘16'18'26'27 One of
the first was by Wei et al." who studied the association between nor-
mal weight, overweight, and obesity in fit and unfit well-educated
men. Men with obesity had a three-fold overall risk of CVD, but with
considerable differences in risk depending on CRF (Realtive risk (RR):
1.6 vs. 5.0 for high vs. low CRF). Men with obesity had a two-fold risk
of all-cause mortality, which again varied greatly depending on CRF
(RR: 1.1 vs. 3.1 for high vs. low CRF). Indeed, the risks of low CRF
were approximately similar to the risks of other CVD and all-cause
mortality predictors, such as diabetes mellitus type 2, smoking, hyper-
tension, and high cholesterol, but considerably lower than pre-
existing CVD.

A meta-analysis,” including mainly US studies, found that the risk of
all-cause mortality in individuals with obesity varied considerably by
CRF (RR: 1.2 vs. 2.5 in fit vs. unfit). Indeed the risk in individuals with
obesity or overweight and high CRF did not differ from normal
weight and fit individuals. In addition, the risk of low CRF in normal
weight individuals was similar to the excess risk seen in overweight
and obesity categories (RR: 2.4).

Although our study confirmed an important role of CRF, especially
for CVD mortality, the overall effects were less pronounced than
these earlier studies. This was unlikely to have been due to our study
having both men and women, since risks from both obesity and low
CRF were similar in men and women. Another reason for why results
differed between studies may be that, unlike obesity, there is no widely
accepted definition of high and low CRF. Having a higher cut-off for
high CRF, for example, is likely to lead to larger effects and vice versa.

Implications for public health
This decline in physical health, here exemplified by the increase in the
combination of overweight and obesity with low CRF, along with its

notable effects on excessive morbidity and mortality, highlights a
need to fully understand the underlying causes, which are likely over-
lapping. Changing lifestyles (a poor diet and physical inactivity) and so-
cial factors, such as poverty and inequality, are clearly implicated.
While obesity prevention has been on the public health agenda for
several decades in Sweden, there are few implemented policy meas-
ures to counter the epidemic. Low CRF also carries an important
weight in terms of public health, particularly for CVD mortality, but
there is similarly a shortage of measures to promote physical activity
and CRF.

Strengths and limitations
Limitations include a sample consisting of adults with employment,
meaning that the sample was likely biased towards individuals with
higher education and socioeconomic position.*> Our analysis on the
associations between obesity and CRF with CVD mortality was com-
promised by a lack of statistical power, owing to few cases in some of
the BMI/CRF categories. This meant that we could only perform an
overall analysis of associations, not for important subgroups. There was
also a lack of data on known risk factors for CVD and mortality, includ-
ing those taken from blood samples such as blood glucose and lipids.
Strengths included a large and varied sample, including both men
and women. The data collection period spanned 25years, and
included measured (not self-reported) data on body weight and car-
diorespiratory CRF through a validated test.”> We were also able to
use nationwide databases for access to data on obtained educational
level, as well as using the same databases for standardizing the values
from each sampling period, meaning that our findings were unlikely to
be biased by yearly variations in the gender, age, education, and geo-
graphic region of the included individuals. Outcome variables were
also collected from nationwide national quality control registers.

Conclusion

Since the mid-90ss, there has been a marked increase in the combin-
ation of obesity and low CRF. At the same time the proportion of
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individuals with a normal weight BMI and high CRF combination was
reduced by about a third. The negative changes were more pro-
nounced in men, younger ages, and non-university educated groups.
This represents a clear general decline in physical health.

The combination of obesity and low CRF was strongly associated
with CVD incidence, CVD mortality, and all-cause mortality, independ-
ent of other established risk factors, and across important subgroups
such as both men and women. The role of obesity appeared to be
more pronounced than low fitness for determining CVD incidence and
all-cause mortality, whereas low fitness was at least similar to obesity in
determining the risk of CVD mortality. An important take-home mes-
sage is the key role of exercise training and physical activity to increase
CRF as well as contribute to healthy weight loss for lower CVD mor-

bidity and mortality, particularly among high-risk individuals.?®%°

Supplementary material

Supplementary material is available at European Journal of Preventive
Cardiology.
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