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Abstract

Objective

Up to 30% of obese individuals are metabolically healthy. Metabolically healthy obese
(MHO) individuals are characterized by having low abdominal adiposity, low inflammation
level and low risk of developing metabolic comorbidity. In this study, we hypothesize that
cardiorespiratory fitness (fitness) is a determinant factor for the MHO individuals and aim to
investigate the associations between fithess, abdominal adiposity and low-grade inflamma-
tion within different BMI categories.

Method

Data from 10,976 individuals from the general population, DANHES 2007-2008, on waist
circumference, fitness and C-reactive protein (hsCRP) were analysed using multiple linear
and median quantile regressions.

Results

In men, an inverse association between fitness (+5 mL min™ kg™') and waist circumference
(-1.45 cm; 95% Cl: -1.55 to -1.35 cm; p<0.001), and an inverse association between fitness
(+5 mL min™ kg™") and hsCRP (-0.22 mg/L; 95% Cl: -0.255 to -0.185 mg/L; p<0.001) was
found, all independent of BMI. Similarly in women, an inverse association between fithess
(+5 mL min™ kg") and waist circumference (-1.15 cm; 95% Cl: -1.25 to -1.0 ¢cm; p<0.001),
and an inverse association between fitness (+5 mL min™ kg™') and hsCRP (-0.26 mg/L; 95%
CI: -0.3t0 -0.22 mg/L; p<0.001) was found, all independent of BMI. Additionally, significant
positive associations between waist circumference and hsCRP were found for both men
and women, independently of BMI.

Conclusion

Fitness was found to be inversely associated with both abdominal adiposity and low-grade
inflammation independent of BMI. These data suggest that, in spite of BMI, high fitness lev-
els lead to a reduction in abdominal fat mass and low-grade inflammation.
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Introduction

The use of BMI alone in predicting metabolic health is controversial [1][2][3]. Studies have
shown that individuals can be obese and metabolically healthy (high insulin sensitivity, low
abdominal adiposity and low inflammation level) or of normal weight with an unhealthy meta-
bolic profile [1][3][4]. In fact, the MHO phenotype represents up to 30% of obese individuals
[1]. However, major studies on this topic fail to consider the possible impact of cardiorespira-
tory fitness (fitness) on metabolic health [2][5].

Abdominal adiposity as well as low fitness have shown to be associated with a list of the
most comprehensive and severe diseases including cardiovascular diseases [6][7], type 2 diabe-
tes [8][9], cancer [8][10][11][12], dementia [13][14], depression [15][16] and additionally an
increased risk of all-cause mortality independently of BMI [17][18]. Thus, the consequences of
abdominal adiposity and low fitness are overlapping. Abdominal adiposity reflects the amount
of visceral fat mass [4], which is more inflamed than subcutaneous fat[19][20]. It has been pro-
posed that it may not be the amount of total body fat but the amount of abdominal fat, that is
triggering an increase in both chronic systemic inflammation [21] and risk of metabolic dis-
ease [3][4].

A direct link between physical inactivity and accumulation of visceral fat has been estab-
lished in intervention studies. These studies show that inactive subjects decrease their fitness
level and accumulate visceral fat, without a change in total fat mass [22][23][24][25][26].
Based on this knowledge, high levels of fitness could be associated with a reduction in visceral
fat mass and low-grade inflammation, leading to a good metabolic health in spite of obesity,
known as the MHO phenotype. We therefore hypothesised that fitness was inversely associated
with abdominal adiposity and low-grade inflammation independent of BML

The aim of the present study was to investigate the association between fitness and abdomi-
nal adiposity independent of BMI, the association between abdominal adiposity and low-grade
inflammation independent of BMI and the association between fitness and low-grade inflam-
mation independent of BMI.

Method

Study population and design

This study was based on data of 10,976 individuals from The Danish National Health Exami-
nation Survey 2007-2008 (DANHES 2007-2008) [27], undertaken in 13 different Danish
municipalities. DANHES 2007-2008 was conducted in accordance with the Helsinki Declara-
tion and approved by the Ethical Committee for the Region of Copenhagen. Written informed
consent was obtained from all participants.

The study was designed as a cross-sectional study focusing on physical activity among other
lifestyle factors. Adults of 18 or older in these municipalities were invited by letter to complete
two internet-based questionnaires. A random subsample of these individuals were invited to
participate in a health examination (n = 180,103). The basic questionnaire was fully or partially
completed by 76,484 and a total of 18,065 individuals (7,360 men and 10,705 women) partici-
pated in the health examination. During the health examination, height, body weight, and
waist circumference were measured and blood samples were collected.

Based on an initial screening interview about health status and use of medication, the par-
ticipants were invited to or precluded from a maximal cycle ergometer test, and maximal oxy-
gen uptake (VO2max) was predicted from maximal power output in a progressive cycle
ergometer test [28]. One or more of the following conditions excluded participation from the
cycle test: Any heart related disease, chest pain or pressure, moderate hypertension (>160/
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100mmHg), intake of anti-hypertensive medicine, any heart or pulmonary medicine, preg-
nancy, muscle, joint or skeletal complains. Measures of fitness was included in the analyses
which differs from physical activity by measuring cardiorespiratory endurance in contrast to
energy expenditure [29]. Both fitness and physical activity have been shown to be inversely
associated with the clustering of metabolic abnormalities, however, fitness have been proposed
to exceed physical activity in its ability to identify risk factors of CVD [30] which is why fitness
was chosen for the present study.

A total of 11,680 participants (4,838 men and 6,842 women) underwent the maximal cycle
ergometer test and 10,976 participants (4,638 men, 6,338 women) completed with a valid test
result. Several criteria for reaching maximal exhaustion and completing a valid test was applied
in the cycle test: the respiratory exchange ratio, levelling off (a plateau in oxygen uptake), and
maximal heart rate [31]. Due to inconsistency in these criteria, a subjective evaluation of per-
ceived exhaustion is recommended too [32]. To help participants reach maximal exhaustion,
the test administrators verbally encouraged the participants to continue for as long as possible.
Observation of the participant’s respiration, the Borg exhaustion scale [33], and the age-pre-
dicted maximal heart rate were used to decide whether maximal exhaustion was achieved. An
invalid test result was registered if participants failed to reach their maximal aerobic capacity.
Fitness was subsequently calculated from the estimated maximal oxygen uptake (VO, max)
divided by body weight [28] (Fig 1).

The 10,976 participants, who had a valid result from the maximal cycle ergometer test, were
included in the analyses of this study. Measurements of high sensitivity C-reactive protein
(hsCRP) led to errors for 160 men and 230 women, due to problems in drawing blood and
errors in the analysis of blood samples.

Waist circumference

Waist circumference was employed as an indirect measure of visceral fat as waist circumfer-
ence has shown to be strongly associated with the amount of visceral fat (as measured by both
magnetic resonance imaging and computed tomography) [4].

Waist circumferences were measured once with body tape (Chasmors WMO02 Body Tape,
Chasmors Ltd., London, United Kingdom). The participant was asked to take off their clothes,
except for light underwear. The participant was asked to stand with their feet fairly close
together and breathe normally; the reading of the measurement was taken at the end of exhala-
tion. The waist was measured at a level midway between the lower rib margin and the iliac
crest with the tape wrapped around the body in a horizontal alignment. Waist circumference
was recorded to the nearest centimeter.

C-reactive protein

Non-fasting venous blood samples were collected from fossa cubiti after light stasis in Lithium-
heparin tubes. All tubes were stored at 5°C and transported weekly to the Department of Clini-
cal Biochemistry, Rigshospitalet where the analyses were performed (Tosoh G7, Tokyo, Japan).

HsCRP qualifies as a nonspecific marker of low-grade inflammation [34]. With C-reactive
protein being produced as part of the acute-phase response to tissue injury, infection or
inflammation, an on-going pathological process is indicated by values higher than 10 mg/L
[35]. Individuals with hsCRP values above this limit could influence the analyses leading to
erroneous conclusions of the associations. Few participants showed hsCRP values above this
limit (men: n = 97, women: n = 158) and when excluding these participants from the analyses
the trend or significance of our results did not change. Based on this observation the partici-
pants with hsCRP values above 10 mg/L were not excluded.
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538,497 individuals (18- 95 years) were invited by letter to complete two internet-based questionnaires

A random subsample of 180,103 individuals were invited to participate in the health examination

18,065 individuals participated in the health examination

Screening interview

/\

11,680 underwent a maximal 6,385 were excluded from

cycle test participating in the maximal cycle test

Fig 1. Selection of subjects.

707 did not obtain a valid
maximal test result

10,973 obtained a
valid maximal test result

https://doi.org/10.1371/journal.pone.0190645.9001

Statistics

Multiple linear regression models were performed to investigate the association between fit-
ness and waist circumference adjusted for BMI (linearly), age (linearly and squared term), edu-
cation, smoking, self-rated health and alcohol consumption in men and women. Interaction
between BMI and fitness was added to the model. Furthermore, the assumptions of linearity,
homogeneity of variance and normal distributed residuals were confirmed.

Median quantile regression analyses were conducted to assess the association between waist
circumference and hsCRP adjusted for BMI (linearly and squared term) and age (linearly and
squared term) education, smoking, self-rated health and alcohol consumption in men and
women. Quantile regression to model median hsCRP was preferred over linear regression
because of the skewness of hsCRP, which could not be optimally corrected using standard
transformations. A quantile regression, does not assume underlying normality but is more
robust to normal errors and outliers [36]. Interaction between BMI and waist circumference
was added to the model.
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Median quantile regression analyses were also used when investigating the association
between fitness and hsCRP adjusted for BMI (linearly) and age (linearly and squared terms)
education, smoking, self-rated health and alcohol consumption in men and women. Also in
this model, an interaction between BMI and fitness was added.

To prevent from residual confounding, adjustment of continuous confounders (BMI and
age) was added to the models in both linear and squared terms[37]. All statistical analyses were
performed using STATA 13.0.

Results

Descriptive characteristics of the study sample were stratified by sex and presented as medians
and interquartile range or total number and percentage (Table 1).

Association between fitness and waist circumference

In both men and women, higher levels of fitness were associated with lower waist circumfer-
ence, independent of BMI. When BMI, age, education, smoking, self-rated health and alcohol
consumption was kept constant, a higher fitness by +5 mL min™" kg™ was associated with a
lower waist circumference by -1.50 cm (95% CI: -1,62 to -1,39 cm, p<0.001) in men and by
-1.26 cm (95% CI: -1,39 to -1,13 cm, p<0.001) in women (Fig 2). Adjusted R-squared were
0.83 for men and 0.78 for women, meaning that all together fitness, BMI, age, education,
smoking, self-rated health and alcohol consumption could explain 83% of the variance in waist
circumference in men and 78% of the variance in waist circumference in women in this unse-
lected population. An interaction between fitness and BMI was found for both men (-0.0098)
and women (-0.0146) (p<0.001).

Association between waist circumference and hsCRP

Higher waist circumference was continuously associated with higher hsCRP, independent of
BMI in both men and women. When BMI, age, education, smoking, self-rated health, and
alcohol consumption were kept constant, a higher waist circumference by +1 cm was associ-
ated with a higher hsCRP by 0.03 mg/L (95% CI: 0.02 to 0.037 mg/L; p<0.001) in men and by
0.025 mg/L (95% CI: 0.017 to 0.034 mg/L; p<0.001) in women (Fig 3).

Table 1. Descriptive characteristics of the 10,976 participants from DANHES 2007-2008. Median (25" -75" percentiles) unless stated otherwise.

Age (years)
Body mass index (kg/m?)

Number of overweight(BMI>25 and <30 kg/m?), No. (%)
Number of obese(BMI>30 kg/m?), No. (%)

Waist circumference (cm)

High sensitivityC-reactive protein (mg/L)

Cardiorespiratoryfitness (mL/min/kg)

Alcohol consumption (>14 units/ week for men, >7 units/week for women), No. (%)
Educational level (<10y), No. (%)

Selfrated health (poor), No. (%)

Daily smoking, No. (%)
Diabetes, No. (%)

* HsCRP was successfully measured in 4,478 of the 4,638 men and in 6,108 of the 6,338 women.

https://doi.org/10.1371/journal.pone.0190645.t001

Men (n = 4,638)

Women (n = 6,338)

49 (40-59) 47 (38-57)

25.2 (23.3-27.4) 23.4 (21.5-26.1)
2026 (43.7) 1649 (26)
413(8.9) 458 (7.2)

94 (87.5-100.6) 82.9 (77-90)
0.9 (0.3-1.8)* 0.9 (0.3-2.0)*
35.9 (30.7-41.7) 31.5(26.6-36.7)
1062 (22.9) 1813 (28.6)

319 (6.9) 416 (6.6)

42 (0.9) 71(1.1)

571 (12.3) 591 (9.3)

53 (1.1) 57 (0.9)
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Fig 2. Waist circumference by cardiorespiratory fitness and BMI in men and women. Values are estimated, from the regression model, for a
40 year old woman or man with a BMI (kg/m?) of respectively 20, 25, 30 or 35.

https://doi.org/10.1371/journal.pone.0190645.9g002

Association between fitness and hsCRP

Higher levels of fitness were associated with lower hsCRP, independent of BMI in both men
and women. When BMI, age, education, smoking, self-rated health, and alcohol consumption
were kept constant, a higher fitness by +5 mL min ™' kg™ was associated with a lower hsCRP by
-0.19 mg/L (95% CI: -0.229 to -0.155 mg/L; p<0.001) in men and by -0.25 mg/L (95% CI: -0.29
to -0.21 mg/L; p<0.001) in women (Fig 4).

For both men and women an interaction between fitness and BMI was found (p<0.001),
indicating that the association between hsCRP and fitness was stronger with higher levels of
BMI (Fig 4).

Discussion

In this cross-sectional study, we found a strong inverse association between fitness and waist
circumference in both men and women adjusted for age, education, smoking self-rated health,
alcohol consumption and most importantly BMI. Thus, the association was present in normal
weight individuals as well as in overweight and obese individuals (Fig 2).

Furthermore, we found a positive association between waist circumference and hsCRP in
both men and women in all BMI categories (Fig 3). In men, a low waist circumference was
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Fig 3. High-sensitivity C-reactive protein by waist circumference and BMI in men and women. Values are estimated, from the regression
model, for a 40 years old woman or man with a BMI (kg/m?) of respectively 20, 25, 30 or 35.

https://doi.org/10.1371/journal.pone.0190645.9g003
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Fig 4. High sensitivity C-reactive protein by cardiorespiratory fitness and BMI in men and women. Values are estimated, from the
regression model, for a 40 year old woman or man with a BMI (kg/m?) of respectively 20, 25, 30 or 35.
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associated with a low level of low-grade inflammation independently of BMI. This association
might reflect that men primarily accumulate fat located on the abdomen[38]. For women, low-
grade inflammation seemed to be triggered by more than just abdominal adiposity. Despite a
low waist circumference the women who had a high BMI, had a higher hsCRP. One explana-
tion could be that other fat deposits, besides the abdominal fat, also give rise to low-grade
inflammation, although to a lesser degree [39]. Women are to some extent protected against
accumulating fat abdominally [4]. However, it could be that when women finally gain abdomi-
nal fat, low-grade inflammation reaches much higher levels, reflecting a higher risk of diseases
compared to men [40].

Finally, we found an inverse association between hsCRP and fitness independent of BMI in
both genders, showing that no matter BMI, if fitness levels were high then levels of low-grade
inflammation were negligible (Fig 4). Although the association between fitness and hsCRP is
statistically significant, the observed differences in hsCRP were small. However, even minor
differences in hsCRP have shown to associate with risk of CVD and mortality [41][42], and
our findings may therefore have clinical impact. Our results are in accordance with previous
findings, showing that physical training reduces the level of systemic inflammation indepen-
dent of weight loss [43], thereby improving the metabolic profile and decreasing the risk of dis-
ease. This BMI-independent anti-inflammatory effect of fitness may play a central role in
promoting the metabolic healthy obese phenotype in both men and women.

In the present analysis, BMI was positively associated with the amount of abdominal fat
and with the level of low-grade inflammation. Adjustments for BMI weakened the associations
between fitness and abdominal fat as well as the association between fitness and low-grade
inflammation, indicating that overall obesity contributes to both abdominal fat and low-grade
inflammation. However, abdominal adiposity and low-grade inflammation were significant
linked to low fitness, independent of BML

To our knowledge, no prior epidemiological study has investigated the BMI-independent
association between fitness and abdominal fat, and related this to level of low-grade inflamma-
tion. Two cross-sectional studies [44][45] and a training intervention study [46] have previ-
ously examined the BMI-independent association between fitness and abdominal adiposity,
however, the study populations were smaller and these studies were less informative since fit-
ness was included as a binary variable. It was not possible to deduce the nuances of the associa-
tion between waist circumference and fitness, and a link to low-grade inflammation was not
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included in these studies [44][45][46]. However, the studies [44][45][46] found an inverse
association between fitness and waist circumference independent of BMI and are in accor-
dance with the results of the present study.

When looking at the association between fitness and level of low-grade inflammation, the
findings of this present study is consistent with, and even more prominent than findings in
previous studies [47][48][49]. These previous studies included fewer participants (n< 1000),
were limited by only including men [47], spanned a narrow age range (41-59y or 26y) [48]
[49], and included data from a submaximal measure of fitness [49].

A possible critique of the association between fitness and waist circumference could be that,
when comparing individuals of different height but same BMI and VO, max, the taller partici-
pants have physiologically larger waist circumferences and weigh more than their shorter
counterparts. This results in the calculation of a lower fitness, since the formula for fitness
is VO, max divided by body weight. In contrast, less tall individuals have a smaller waist cir-
cumference, weigh less and thus, have a higher fitness. This could lead to a false correlation
between fitness and waist circumference (Fig 2). However, the significant association between
fitness and waist circumference persisted, when adjusting for height in the present study. A
difference in body size is therefore not a plausible alternative explanation of our findings
(regression models adjusted for body height are not shown). Another limitation of this study
was the use of a cycle test to predict values of VO2max in the cohort. The cycle test was origi-
nally developed for health adolescence and young adults [28]. The burden of chronic condi-
tions and physical limitations increase with age and contribute to a difficulty of measuring
VO2max in older persons, however, due to our strict exclusion criteria, participants with mus-
cle, joint or skeletal complains were excluded leaving only participants who were expected to
be able to complete the test. Moreover, exercise testing by bicycle is considered to be an appro-
priate method to detect VO2max for elderly individuals as low fitness capacity and balance
deficits does not hinder the test [31].

A total of 76,484 of the 538,497 adult individuals completed the questionnaire correspond-
ing to 14%. Furthermore a number of 18,065 of 180,103 adults participated in a health exami-
nation, resulting in a participation rate of 10%. The low response rate could imply answers
from a particularly fit segment of the population. Yet, given the sheer size of the study and
when taking the average values from Table 1 into consideration, it is unlikely that the 18,065
participants should all belong to a particularly fit segment. Also, when looking at associated
data, measures of fitness did show to be normally distributed.

Also by excluding "diseased" participants or those with comorbid conditions from the exer-
cise test we artificially selected the test population and we need to take this into account as a
limitation when comparing and transferring our findings into another cohort.

The present study identified a significant difference in the values for abdominal adiposity,
fitness and low-grade inflammation, in people with the same BMI. However, to obtain a more
accurate identification of individuals who are healthy despite obesity and individuals who are
at metabolic risk despite normal weight, the presented data suggest that measurements of
waist circumference, hsCRP, and fitness should be taken into account. Based on the overall
results of the current study, we conclude that high fitness levels are inversely associated with
the amount of visceral fat and the level of chronic systemic low-grade inflammation regardless
of BML

Acknowledgments

The Centre for Physical Activity Research (CFAS), supported by a grant from TrygFonden
and The Centre of Inflammation and Metabolism (CIM), supported by a grant from the

PLOS ONE | https://doi.org/10.1371/journal.pone.0190645 January 17, 2018 8/11


https://doi.org/10.1371/journal.pone.0190645

@° PLOS | ONE

Low fitness is associated with abdominal adiposity and low-grade inflammation independent of BMI

Danish National Research Foundation (DNRF55), executed this study. CIM/ CFAS is a mem-
ber of DD2 -the Danish Centre for Strategic Research in Type 2 Diabetes (the Danish Council
for Strategic Research, grant no. 09-067009 and 09-075724). The Danish Ministry of Health
and Prevention together with Trygfonden, Denmark, founded the DANHES 2007-2008. All
authors are grateful to both graduates and student of The National Institute of Public Health,
University of Southern Denmark, and to the local nurses and students from the 13 municipali-
ties for their efforts in the crucial data collection.

Author Contributions

Conceptualization: Anne-Sophie Wedell-Neergaard, Bente Klarlund Pedersen, Rikke Krogh-
Madsen, Janne Tolstrup.

Data curation: Anne-Sophie Wedell-Neergaard, Louise Eriksen, Morten Grenbzek, Janne
Tolstrup.

Formal analysis: Anne-Sophie Wedell-Neergaard, Louise Eriksen, Janne Tolstrup.

Funding acquisition: Morten Grenbaek, Bente Klarlund Pedersen.

Investigation: Anne-Sophie Wedell-Neergaard, Morten Grenbek, Bente Klarlund Pedersen.
Methodology: Anne-Sophie Wedell-Neergaard, Louise Eriksen, Janne Tolstrup.

Project administration: Anne-Sophie Wedell-Neergaard, Bente Klarlund Pedersen, Rikke
Krogh-Madsen.

Resources: Morten Grenbaek, Bente Klarlund Pedersen.
Software: Anne-Sophie Wedell-Neergaard, Louise Eriksen.
Supervision: Bente Klarlund Pedersen, Rikke Krogh-Madsen.
Validation: Janne Tolstrup.

Visualization: Anne-Sophie Wedell-Neergaard, Janne Tolstrup.

Writing - original draft: Anne-Sophie Wedell-Neergaard, Bente Klarlund Pedersen, Rikke
Krogh-Madsen.

Writing - review & editing: Anne-Sophie Wedell-Neergaard, Louise Eriksen, Morten
Grenbak, Bente Klarlund Pedersen, Rikke Krogh-Madsen, Janne Tolstrup.

References

1. Boonchaya-anant P, Apovian CM. Metabolically Healthy Obesity—Does it Exist? Curr Atheroscler Rep.
2014; 16: 441. https://doi.org/10.1007/s11883-014-0441-1 PMID: 25092577

2. Kramer CK, Zinman B, Retnakaran R. Are Metabolically Healthy Overweight and Obesity Benign Con-
ditions? Ann Intern Med. 2013; 159: 758—769. https://doi.org/10.7326/0003-4819-159-11-201312030-
00008 PMID: 24297192

3. Oliveros E, Somers VK, Sochor O, Goel K, Lopez-Jimenez F. The concept of normal weight obesity.
Prog Cardiovasc Dis. Elsevier Inc.; 2014; 56: 426—33. https://doi.org/10.1016/j.pcad.2013.10.003
PMID: 24438734

4. Wajchenberg BL. Subcutaneous and Visceral Adipose Tissue: their relation to the metabolic syndrome.
Endocr Rev. 2000; 21: 697-738. https://doi.org/10.1210/edrv.21.6.0415 PMID: 11133069

5. PrimeauV, Coderre L, Karelis a D, Brochu M, Lavoie M-E, Messier V, et al. Characterizing the profile of
obese patients who are metabolically healthy. Int J Obes (Lond). 2011; 35: 971-981.

6. Haffner SM. Abdominal Adiposity and Cardiometabolic Risk: Do We Have All the Answers? Am J Med.
2007; 120: 10-16.

PLOS ONE | https://doi.org/10.1371/journal.pone.0190645 January 17, 2018 9/11


https://doi.org/10.1007/s11883-014-0441-1
http://www.ncbi.nlm.nih.gov/pubmed/25092577
https://doi.org/10.7326/0003-4819-159-11-201312030-00008
https://doi.org/10.7326/0003-4819-159-11-201312030-00008
http://www.ncbi.nlm.nih.gov/pubmed/24297192
https://doi.org/10.1016/j.pcad.2013.10.003
http://www.ncbi.nlm.nih.gov/pubmed/24438734
https://doi.org/10.1210/edrv.21.6.0415
http://www.ncbi.nlm.nih.gov/pubmed/11133069
https://doi.org/10.1371/journal.pone.0190645

@° PLOS | ONE

Low fitness is associated with abdominal adiposity and low-grade inflammation independent of BMI

10.

1.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

Williams PT. Physical fitness and activity as separate heart disease risk factors: a meta-analysis. Med
Sci Sport Exerc. 2010; 33: 754-761.

Xue F, Michels KB. Diabetes, metabolic syndrome, and breast cancer: a review of the current evidence.
Am J Clin Nutr. 2007; 86: s823—s835. PMID: 18265476

Zaccardi F, Donovan GO, Webb DR, Yates T, Kurl S, Khunti K, et al. Cardiorespiratory fithess and risk
of type 2 diabetes mellitus: A 23-year cohort study and a meta-analysis of prospective studies. Athero-
sclerosis. Elsevier Ltd; 2015; 243: 131-137. https://doi.org/10.1016/j.atherosclerosis.2015.09.016
PMID: 26386209

Peel JB, Sui X, Adams SA, Hébert JR, Hardin JW, Blair SN. A prospective study of cardiorespiratory fit-
ness and breast cancer mortality. Med Sci Sport Exerc. 2009; 41: 742-748.

Giovannucci E. Metabolic syndrome, hyperinsulinemia, and colon cancer: a review. Am J Clin Nutr.
2007; 86: s836—s842. PMID: 18265477

Laukkanen JA, Pukkala E, Rauramaa R, Mékikallio TH, Adetunji TT, Kurl S. Cardiorespiratory fitness,
lifestyle factors and cancer risk and mortality in Finnish men. Eur J Cancer. 2010; 46: 355—363. https://
doi.org/10.1016/j.ejca.2009.07.013 PMID: 19683431

Debette S, Beiser A, Hoffmann U, Decarli C, Donnell CJO, Massaro JM, et al. Visceral fat is associated
with lower brain volume in healthy middle-aged adults. Ann Neurol. 2011; 68: 136—144.

Defina LF, Willis BL, Radford NB, Gao A, Leonard D, Haskell WL, et al. The Association Between Mid-
life Cardiorespiratory Fitness Levels and Later-Life Dementia. Ann Intern Med. 2013; 158: 162—-168.
https://doi.org/10.7326/0003-4819-158-3-201302050-00005 PMID: 23381040

Zhao G, Ford ES, Li C, Tsai J, Dhingra S, Balluz LS. Waist circumference, abdominal obesity, and
depression among overweight and obese U.S. adults: national health and nutrition examination survey
2005—2006. BMC Psychiatry. BioMed Central Ltd; 2011; 11: 130. https://doi.org/10.1186/1471-244X-
11-130 PMID: 21834955

Shomaker LB, Tanofsky-kraff M, Zocca JM, Field SE, Drinkard B, Yanovski JA. Depressive Symptoms
and Cardiorespiratory Fitness in Obese Adolescents. J Adolesc Heal. Elsevier Inc.; 2012; 50: 87-92.

Zhang C, Rexrode KM, Van Dam RM, Li TY, Hu FB. Abdominal obesity and the risk of all-cause, cardio-
vascular, and cancer mortality: Sixteen years of follow-up in US women. Circulation. 2008; 117: 1658—
1667. https://doi.org/10.1161/CIRCULATIONAHA.107.739714 PMID: 18362231

Wei M, Kampert JB, Barlow CE, Nichaman MZ, Gibbons LW, Paffenbarger RS, et al. Relationship
between low cardiorespiratory fithess and mortality in normal-weight, overweight, and obese men.
JAMA. 1999; 282: 1547-53. PMID: 10546694

Ibrahim MM. Subcutaneous and visceral adipose tissue: Structural and functional differences. Obes
Rev. 2010; 11: 11-8. https://doi.org/10.1111/j.1467-789X.2009.00623.x PMID: 19656312

Fuentes E, Fuentes F, Vilahur G, Badimon L, Palomo |. Mechanisms of chronic state of inflammation as
mediators that link obese adipose tissue and metabolic syndrome. Mediators Inflamm. 2013;13658.

Panagiotakos DB, Pitsavos C, Yannakoulia M, Chrysohoou C, Stefanadis C. The implication of obesity
and central fat on markers of chronic inflammation: The ATTICA study. Atherosclerosis. 2005; 183:
308-315. https://doi.org/10.1016/j.atherosclerosis.2005.03.010 PMID: 16285994

Belavy DL, Méhlig M, Pfeiffer AFH, Felsenberg D, Armbrecht G. Preferential deposition of visceral adi-
pose tissue occurs due to physical inactivity. Int J Obes. 2014; 38: 1478—1480.

Goedecke JH, Micklesfield LK. The Effect of Exercise on Obesity, Body Fat Distribution and Risk for
Type 2 Diabetes. Med Sport Sci. 2014; 60: 82-93. hitps://doi.org/10.1159/000357338 PMID: 25226803

Biolo G, Ciocchi B, Stulle M, Piccoli A, Lorenzon S, Mas VD, et al. Metabolic Consequences of Physical
Inactivity. J Ren Nutr. 2005; 15: 49-53. PMID: 15648007

Harder-lauridsen XNM, Nielsen ST, Mann SP, Lyngbaek MP, Benatti FB, Langkilde AR, et al. The effect
of alternate-day caloric restriction on the metabolic consequences of 8 days of bed rest in healthy lean
men: a randomized trial. 2017; 230—241. https://doi.org/10.1152/japplphysiol.00846.2016 PMID:
27881670

Olsen R, Krogh-Madsen R, Thomsen C, Booth F, Pedersen B. Metabolic Responses to Reduced Daily
Steps in Healthy Nonexercising Men. JAMA. 2008;Mar 19: 1261-3.

Eriksen L, Grgnbaek M, Helge JW, Tolstrup JS, Curtis T. The Danish Health Examination Survey 2007—
2008 (DANHES 2007-2008). Scand J Public Health. 2011; 39: 203—11. https://doi.org/10.1177/
1403494810393557 PMID: 21257645

Andersen LB. A maximal cycle exercise protocol to predict maximal oxygen uptake. Scand J Med Sci
Sports. 1995; 5: 143—-146. PMID: 7552756

Vanhees L, Lefevre J, Philippaerts R, Martens M, Huygens W, Troosters T, et al. How to assess physi-
cal activity? How to assess physical fitness? Eur Soc Cardiol. 2005; 12: 102—-114.

PLOS ONE | https://doi.org/10.1371/journal.pone.0190645 January 17, 2018 10/11


http://www.ncbi.nlm.nih.gov/pubmed/18265476
https://doi.org/10.1016/j.atherosclerosis.2015.09.016
http://www.ncbi.nlm.nih.gov/pubmed/26386209
http://www.ncbi.nlm.nih.gov/pubmed/18265477
https://doi.org/10.1016/j.ejca.2009.07.013
https://doi.org/10.1016/j.ejca.2009.07.013
http://www.ncbi.nlm.nih.gov/pubmed/19683431
https://doi.org/10.7326/0003-4819-158-3-201302050-00005
http://www.ncbi.nlm.nih.gov/pubmed/23381040
https://doi.org/10.1186/1471-244X-11-130
https://doi.org/10.1186/1471-244X-11-130
http://www.ncbi.nlm.nih.gov/pubmed/21834955
https://doi.org/10.1161/CIRCULATIONAHA.107.739714
http://www.ncbi.nlm.nih.gov/pubmed/18362231
http://www.ncbi.nlm.nih.gov/pubmed/10546694
https://doi.org/10.1111/j.1467-789X.2009.00623.x
http://www.ncbi.nlm.nih.gov/pubmed/19656312
https://doi.org/10.1016/j.atherosclerosis.2005.03.010
http://www.ncbi.nlm.nih.gov/pubmed/16285994
https://doi.org/10.1159/000357338
http://www.ncbi.nlm.nih.gov/pubmed/25226803
http://www.ncbi.nlm.nih.gov/pubmed/15648007
https://doi.org/10.1152/japplphysiol.00846.2016
http://www.ncbi.nlm.nih.gov/pubmed/27881670
https://doi.org/10.1177/1403494810393557
https://doi.org/10.1177/1403494810393557
http://www.ncbi.nlm.nih.gov/pubmed/21257645
http://www.ncbi.nlm.nih.gov/pubmed/7552756
https://doi.org/10.1371/journal.pone.0190645

@° PLOS | ONE

Low fitness is associated with abdominal adiposity and low-grade inflammation independent of BMI

30.

31.

32.

33.
34.

35.

36.
37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

Sassen B, Cornelissen VA, Kiers H, Wittink H, Kok G, Vanhees L. Physical fitness matters more than
physical activity in controlling cardiovascular disease risk factors. Eur Soc Cardiol. 2009; 16: 677—683.

Thompson PD, Arena R, Riebe D, Pescatello LS. ACSM’s New Preparticipation Health Screening Rec-
ommendations from ACSM’s Guidelines for Exercise Testing and Prescription, Ninth Edition. Curr
Sports Med Rep. 2013; 215-217. hitps://doi.org/10.1249/JSR.0b013e31829a68cf PMID: 23851406

Myers J, Froelicher VF. Optimizing the Exercise Test for Pharmacological Investigations. Circulation.
1990; 82: 1839—-1846. PMID: 2225380

Borg G. Borg’s perceived exertion and pain scales. Human Kinetics. 1998.

Aratjo JP, Lourengo P, Azevedo A, Frides F, Rocha-Gongalves F, Ferreira A, et al. Prognostic value of
high-sensitivity C-reactive protein in heart failure: a systematic review. J Card Fail. 2009; 15: 256—66.
https://doi.org/10.1016/j.cardfail.2008.10.030 PMID: 19327628

Shine B, De Beer FC, Pepys MB. Solid phase radioimmunoassays for human C-reactive protein. Clin
Chim Acta. 1981; 117: 13-23. PMID: 7333010

Koenker R. Quantile Regression. Cambridge, New York: Cambridge University Press; 2005.

Groenwold RHH, Klungel Olaf H. PharmD A DG, Graaf Y van der, Hoes AW, Karel G.M. Moons. Adjust-
ment for continuous confounders: an example of how to prevent residual confounding. CMAJ. 2013;
185: 401—-406. https://doi.org/10.1503/cmaj. 120592 PMID: 23401401

Shi H, Clegg DJ. Sex differences in the regulation of body weight. Physiol Behav. Elsevier Inc.; 2009;
97: 199-204. https://doi.org/10.1016/j.physbeh.2009.02.017 PMID: 19250944

Forouhi NG, Sattar N, McKeigue PM. Relation of C-reactive protein to body fat distribution and features
of the metabolic syndrome in Europeans and South Asians. Int J Obes Relat Metab Disord. 2001; 25:
1327-1331. https://doi.org/10.1038/sj.ij0.0801723 PMID: 11571595

Farooq A, Knez WL, Knez K, Al-Noaimi A, Grantham J, Mohamed-Ali V. Gender differences in fat distri-
bution and inflammatory markers among arabs. Mediators Inflamm. 2013;2013.

Ridker PM, Cushman M, Stampfer MJ, Tracy RP, Hennekens CH. Plasma Concentration of C-Reactive
Protein and Risk of Developing Peripheral Vascular Disease. Circulation. 1998; 97: 425-429. PMID:
9490235

The Emerging Risk Factors Collaboration. C-reactive protein concentration and risk of coronary heart
disease, stroke, and mortality: an individual participant meta-analysis. Lancet. 2010; 375: 132—40.
https://doi.org/10.1016/S0140-6736(09)61717-7 PMID: 20031199

Lavie CJ, Church TS, Milani R V, Earnest CP. Impact of physical activity, cardiorespiratory fitness, and
exercise training on markers of inflammation. J Cardiopulm Rehabil Prev. 2011; 31: 137-145. hitps://
doi.org/10.1097/HCR.0b013e3182122827 PMID: 21427600

Ross R, Katzmarzyk PT. Cardiorespiratory fitness is associated with diminished total and abdominal
obesity independent of body mass index. Int J Obes Relat Metab Disord. 2003; 27: 204—10. https://doi.
org/10.1038/sj.ij0.802222 PMID: 12587000

Wong SL, Katzmarzyk P, Nichaman MZ, Church TS, Blair SN, Ross R. Cardiorespiratory fithess is
associated with lower abdominal fat independent of body mass index. Med Sci Sports Exerc. 2004; 36:
286-91. https://doi.org/10.1249/01.MSS.0000113665.40775.35 PMID: 14767252

Janssen |, Katzmarzyk PT, Ross R, Leon AS, Skinner JS, Rao DC, et al. Fitness alters the associations
of BMI and waist circumference with total and abdominal fat. Obes Res. 2004; 12: 525-537. https://doi.
org/10.1038/oby.2004.60 PMID: 15044671

Church TS, Barlow CE, Earnest CP, Kampert JB, Priest EL, Blair SN. Associations between cardiore-
spiratory fithess and C-reactive protein in men. Arterioscler Thromb Vasc Biol. 2002; 22: 1869-1876.
PMID: 12426218

Williams MJ a, Milne BJ, Hancox RJ, Poulton R. C-reactive protein and cardiorespiratory fitness in
young adults. Eur J Cardiovasc Prev Rehabil. 2005; 12: 216-220. PMID: 15942418

Aronson D, Sheikh-Ahmad M, Avizohar O, Kerner A, Sella R, Bartha P, et al. C-Reactive protein is
inversely related to physical fithness in middle-aged subjects. Atherosclerosis. 2004; 176: 173-179.
https://doi.org/10.1016/j.atherosclerosis.2004.04.025 PMID: 15306191

PLOS ONE | https://doi.org/10.1371/journal.pone.0190645 January 17, 2018 11/11


https://doi.org/10.1249/JSR.0b013e31829a68cf
http://www.ncbi.nlm.nih.gov/pubmed/23851406
http://www.ncbi.nlm.nih.gov/pubmed/2225380
https://doi.org/10.1016/j.cardfail.2008.10.030
http://www.ncbi.nlm.nih.gov/pubmed/19327628
http://www.ncbi.nlm.nih.gov/pubmed/7333010
https://doi.org/10.1503/cmaj.120592
http://www.ncbi.nlm.nih.gov/pubmed/23401401
https://doi.org/10.1016/j.physbeh.2009.02.017
http://www.ncbi.nlm.nih.gov/pubmed/19250944
https://doi.org/10.1038/sj.ijo.0801723
http://www.ncbi.nlm.nih.gov/pubmed/11571595
http://www.ncbi.nlm.nih.gov/pubmed/9490235
https://doi.org/10.1016/S0140-6736(09)61717-7
http://www.ncbi.nlm.nih.gov/pubmed/20031199
https://doi.org/10.1097/HCR.0b013e3182122827
https://doi.org/10.1097/HCR.0b013e3182122827
http://www.ncbi.nlm.nih.gov/pubmed/21427600
https://doi.org/10.1038/sj.ijo.802222
https://doi.org/10.1038/sj.ijo.802222
http://www.ncbi.nlm.nih.gov/pubmed/12587000
https://doi.org/10.1249/01.MSS.0000113665.40775.35
http://www.ncbi.nlm.nih.gov/pubmed/14767252
https://doi.org/10.1038/oby.2004.60
https://doi.org/10.1038/oby.2004.60
http://www.ncbi.nlm.nih.gov/pubmed/15044671
http://www.ncbi.nlm.nih.gov/pubmed/12426218
http://www.ncbi.nlm.nih.gov/pubmed/15942418
https://doi.org/10.1016/j.atherosclerosis.2004.04.025
http://www.ncbi.nlm.nih.gov/pubmed/15306191
https://doi.org/10.1371/journal.pone.0190645

