
Original article

Waist circumference thresholds and cardiorespiratory fitness
Sindre M. Dyrstad a,*, Elisabeth Edvardsen b,c, Bjørge H. Hansen b, Sigmund A. Anderssen b

a Department of Education and Sport Science, University of Stavanger, Stavanger 4036, Norway
b Department of Sports Medicine, Norwegian School of Sport Sciences, Oslo 0806, Norway

c Department of Pulmonary Medicine, Oslo University Hospital, Oslo 0424, Norway

Received 16 November 2016; revised 14 December 2016; accepted 7 February 2017
Available online

Abstract

Purpose: This study’s purpose was to examine whether established risk categories of waist circumference (WC)—normal, high risk, and very high
health risk—reflected significant differences in cardiorespiratory fitness (CRF) and physical activity (PA) level.
Methods: CRF was directly measured as maximal oxygen uptake during a progressive graded treadmill test to exhaustion in 722 individuals (349
women) aged 20–85 years. WC was measured between the lower rib and the iliac crest. Objectively measured PA was assessed using an accelerometer.
Results: Men in the normal risk group (WC < 94 cm) had a 31% higher CRF and 43% higher level of moderate-to-vigorous PA than men in the
very high risk group (with a WC > 102 cm). Corresponding numbers for women within normal (WC < 80 cm) and very high risk group
(WC > 88 cm) were 25% and 18% (p < 0.05). There was a high negative correlation between CRF and WC in men (r = −0.68), and a moderate
correlation for women (r = −0.49; p < 0.001). For each cm increase in WC, CRF was reduced by 0.48 and 0.27 mL/kg/min in men and women,
respectively (p < 0.001).
Conclusion: The recommended WC thresholds for abdominal obesity reflected significant differences in CRF for both men and women, and could
serve as a useful instrument for estimating health-related differences in CRF.
© 2017 Production and hosting by Elsevier B.V. on behalf of Shanghai University of Sport. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Central or abdominal obesity, measured as waist circumfer-
ence (WC), is one of 5 risk factors constituting a diagnosis of
metabolic syndrome.1 WC is found to explain obesity-related
health risks,2 and for a given body mass index (BMI), an
increase of WC by 5 cm has been associated with an increased
risk of death of 17% for men and 13% for women.3

As stated by Alberti et al.4 defining thresholds for abdomi-
nal obesity is complicated, in part because of differences in the
relationship between abdominal obesity and other metabolic
risk factors and because differences in WC occur between
sexes and ethnic groups. Current recommended WC thresholds
for abdominal obesity (high and very high risk for cardiovas-
cular disease and diabetes) are set at 80 cm and 88 cm in

Caucasian women and 94 cm and 102 cm in Caucasian men,
respectively.4–6 However, other WC thresholds are also recom-
mended for white and African-American adults.7

Cardiorespiratory fitness (CRF) appears to be one of the
most important indicators of overall health status, and a decline
in CRF level predicts the development of metabolic syndrome,
hypertension, and hypercholesterolemia8 as well as all-cause
and cardiovascular disease mortality.9 CRF, which is best mea-
sured by direct measurement of maximal oxygen uptake
(VO2max), reflects the ability of the respiratory, circulatory, and
muscular systems to supply oxygen during physical activity
(PA).10 An inverse relationship has been found between WC and
CRF,11 and this relationship was more pronounced than the
relationship between BMI and CRF.12 Unfortunately, in those
studies CRF was estimated rather than directly measured, and
estimation can be highly inaccurate.13 To the best of our knowl-
edge, no studies have examined the relationship between
directly measured CRF and WC in a large population, nor
studied whether the recommended WC thresholds for abdomi-
nal obesity reflect any health-related differences in CRF.
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Therefore, the main purpose of the present study was to
examine whether categories of WC (normal, high, and very
high health risk) reflected significant differences in CRF and PA
level, and to examine the association between CRF and WC in
a large sample of the national population.

2. Methods

2.1. Participants

This multicenter study involved 9 regional test centers
throughout Norway. A comprehensive description of the study
can be found elsewhere.14,15 Briefly, a representative sample of
11,515 adults (aged 20–84 years) from the areas surrounding
each test center was drawn from the Norwegian population
registry. Written informed consent was obtained from 3867
participants (34%). These participants wore an accelerometer
for 7 consecutive days. From the sample that completed the
accelerometer measurements, 1930 were randomly selected and
invited to undergo a cardiopulmonary exercise test and mea-
surement of height, body weight, body fat, and WC. A total of
1030 participants accepted the invitation, 904 persons met at
the lab and 722 participants (349 women) completed the tests
successfully 5 to 8 months after the accelerometer measure-
ments. The study was approved by the Regional Ethics Com-
mittee for Medical Research (REK Sør-Øst B, S-08046b) and
the Norwegian Social Science Data Services.

2.2. Measurement of anthropometrics

The anthropometric measures of body weight, height, WC,
and skinfold thickness were all conducted by trained investiga-
tors following a detailed test protocol, and all measuring instru-
ments were calibrated.

Height was measured to the nearest 0.5 cm using a
stadiometer. The participants were instructed to stand upright
without shoes, heels touching the wall, and with a straight body
facing forward. Body weight were measured to the nearest
0.1 kg, with participants wearing light clothes and no shoes.

WC was recorded following a protocol developed by the
World Health Organization,16 and was measured twice, using a
measuring band in standing position from the point midway
between the inferior margin of the last rib and the iliac crest at
the end of a normal expiration. If the difference between the
first and second measurement was larger than 2 cm, a third
measurement was made. The mean of the 2 closest measure-
ments was used. As reported by Kjaer et al.,17 WC has shown
acceptable inter-rater reliability (technical error of measure-
ment: 2.35%–2.50%)18 and good correlation with dual-energy
X-ray absorptiometry measures of trunk fat mass percentage
(partial Pearson’s correlations r = 0.76–0.86, p < 0.05).19 The
participants were divided into 3 groups according to their WC:
Group 1 had WC <94 and <80 cm (normal health risk for men
and women, respectively), Group 2 had WC 94–102 and
80–87 cm (high health risk for men and women, respectively),
and Group 3 had WC >102 and >87 cm (very high health risk
for men and women, respectively).

The percentage of body fat was determined using 3-site
skinfold measurements by a Harpenden caliper (Baty Interna-

tional, Burgess Hill, UK) or Lange skinfold caliper (Beta Tech-
nology Inc., Santa Cruz, CA, USA), depending on availability.
Because fat distribution differs by gender,20,21 the measure-
ments were recorded at the chest, abdomen, and thigh for the
men and at the triceps, suprailium, and thigh for the women.
The mean of 2 measures were recorded to the nearest millimeter
and the summed skinfold values were used to calculate body
density.22,23 The following equation was used for percentage of
fat: (495/body density)−450.24 The intra-variation between the
Harpenden caliper and the Lange caliper is found to be small,
accounting for ~1.5% of the variation in fat percentage.25 The
inter-rater reliability of skinfold measures have been found to
vary from 3% to 9% in fat percentage.26 To minimize the bias of
inter-rater reliability, a detailed test protocol was developed
combined with a thorough technician training.

2.3. Cardiopulmonary exercise test

CRF was measured using a modified Balke graded maximal
exercise test. Gas exchange and ventilatory variables were
sampled as the subjects breathed into a Hans Rudolph two-way
breathing mask (2700 series; Hans Rudolph Inc., Shawnee, KS,
USA). During the last part of the cardiopulmonary exercise test,
the subject’s effort was encouraged by the technician until
voluntary termination. Rating of perceived exertion was
obtained using the Borg Scale.

27 Gas exchange variables were
reported as 30 s averages. The CRF test was accepted if the
respiratory exchange ratio was ≥1.10 or the Borg score was
≥17. CRF was expressed in units of mL/kg/min or L/min. Each
day, the gas analyzers used were calibrated for volume and gas
and corrected for barometric pressure, temperature, and humid-
ity. A detailed description of measurement accuracy between
gas analyzers was provided elsewhere together with the partici-
pants’ cardiorespiratory response during maximal exercise.15

2.4. Measurement of PA

The ActiGraph GT1M (ActiGraph, LLC, Pensacola, FL,
USA) was used to assess participants’ PA levels. Participants
with a minimum of 4 days of at least 10 h of daily recordings
were included in the analysis. Data were collected in 10 s
epochs, which were collapsed into 60 s epochs for comparison
with other studies. The data were reduced using an SAS-based
macro (SAS Institute Inc., Cary, NC, USA). Wear time was
defined by subtracting non-wear time from 18 h since all data
between 00:00 and 06:00 were excluded to avoid potential bias
due to participants forgetting to remove the monitor when going
to bed at night. Non-wear time was defined as intervals of at
least 60 consecutive minutes with 0 counts, with allowance for
1 min with counts greater than 0.28 For analysis of sedentary
behavior, ActiLife 6.11.4 software (ActiGraph) was used to
analyze the accelerometer data. The first sedentary break of
each day was ignored to avoid a misclassification of non-wear
time during evening as a sedentary break.

Average counts per minute (cpm) was expressed as the total
number of registered counts for all valid days divided by wear
time. To identify PA of different intensities, count thresholds
corresponding to the energy cost of the given intensity were
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applied to the data set. Sedentary time was defined as all activ-
ity below 100 cpm, a threshold that corresponds to sitting,
reclining, or lying down.29,30 Moderate-to-vigorous physical
activity (MVPA) was defined as cpm ≤2020.28 Mean min/day at
different intensities was calculated as the sum of all minutes
where the count met the criterion for that intensity, divided by
the number of valid days.

2.5. Statistics

An independent sample t test was used for testing differences
among sexes in Table 1, while a multivariate general linear
model, adjusted for age and accelerometer wear time, was used
to assess differences within the 3 groups of WC (Table 2).

Correlations between PA, WC, BMI, body fat, and CRF were
assessed by Pearson correlation coefficient (Table 3). A correla-
tion <0.3 was defined as low, 0.3–0.49 as moderate, 0.5–0.7 as
high, and >0.7 as a very high correlation.31 To analyze the
relationships between CRF and the correlates of sex, age, WC,
and PA, hierarchical regression with enter procedure was
applied. Preliminary analyzes of normal distribution were con-
ducted to ensure that there was no violation of the assumptions of
linear regression. The analysis contained 3 models with the
biological variables of sex and age in the first, WC in the second,
and MVPA in the third (Table 4). Data are presented as mean ±
SE unless otherwise specified. The numbers of participants vary
in tables according to valid data. A p value of less than 0.05 was
regarded as statistically significant. All statistical analyzes were
performed using IBM SPSS Statistics Version 21.0 (IBM Corp.,
Armork, NY, USA).

3. Results

Participant anthropometrics, CRF, and PA levels are pre-
sented in Table 1. CRF differed significantly across the 3 risk
groups of WC for both men and women (Table 2). Men in the
normal risk WC had a 31% higher CRF than men with the very
high risk WC. The corresponding number for women was 25%.
One percent of the men, and 10% of the women in the very
high risk group had a CRF ≥ the mean CRF of the normal risk
group.

There were no significant differences in daily PA (cpm), or in
sedentary time (min/day) between the same 3 groups. Partici-
pants in the normal risk group performed 43% and 18% more

Table 1
Characteristics (mean ± SE) for men and women participating in the study.

Variable Men
(n = 373)

Women
(n = 349)

Age (year) 49.3 ± 0.8 50.1 ± 0.8
WC (cm) 94.6 ± 0.6* 85.1 ± 0.6
Body fat (%)# 23.5 ± 0.5* 31.4 ± 0.4
BMI (kg/m2) 26.3 ± 0.3* 25.2 ± 0.2
CRF (mL/kg/min) 39.8 ± 0.5* 32.3 ± 0.5
MVPA (≤2020 cpm, min/day) 38.3 ± 1.1 36.2 ± 1.2

* p < 0.001, compared with women.
# According to valid data, n for body fat is lower due to missing data (men,
n = 219; women, n = 208).
Abbreviations: BMI = body mass index; cpm = counts per minute; CRF = car-
diorespiratory fitness; MVPA = moderate-to-vigorous physical activity;
WC = waist circumference.

Table 2
Cardiorespiratory fitness and physical activity variables for men and women within the 3 WC groups based at thresholds for abdominal obesity (mean ± SE).

Men Women

Normal risk
<94 cm
(n = 188)

High risk
94–102 cm
(n = 95)

Very high risk
>102 cm
(n = 90)

Normal risk
<80 cm
(n = 116)

High risk
80–88 cm
(n = 109)

Very high risk
>88 cm
(n = 124)

WC (cm) 86.5 ± 0.4 97.5 ± 0.5 108.2 ± 0.6 73.7 ± 0.5 83.5 ± 0.5 97.1 ± 0.5
CRF (mL/kg/min) 43.9 ± 0.5** 37.5 ± 0.7 33.5 ± 0.7** 36.0 ± 0.5** 32.1 ± 0.5 28.9 ± 0.5**
CRF (L/min) 3.37 ± 0.04 3.26 ± 0.06 3.29 ± 0.06 2.17 ± 0.04 2.17 ± 0.04 2.29 ± 0.04*
Total activity (count/min/day) 329 ± 5 331 ± 2 321 ± 8 353 ± 6 343 ± 6 342 ± 6
MVPA (≤2020 cpm, min/day) 43 ± 2 38 ± 2 30 ± 2* 39 ± 2 37 ± 2 33 ± 2#

Sedentary time (<100 cpm, min/day) 556 ± 5 554 ± 8 564 ± 8 526 ± 6 536 ± 6 537 ± 6

* p < 0.02, **p < 0.001, compared with other groups within the same sex.
# p < 0.02, compared with normal risk group within the same sex.
Abbreviations: CRF = cardiorespiratory fitness; MVPA = moderate-to-vigorous physical activity; WC = waist circumference.

Table 3
Correlation coefficients between CRF and WC, body fat, BMI, and MVPA in men (n = 373) and women (n = 349).

CRF (mL/kg/min) WC (cm) Body fat (%) BMI (kg/m2)

Men Women Men Women Men Women Men Women

CRF (mL/kg/min) — —
WC (cm) −0.66* −0.49* — —
Body fat (%)# −0.64* −0.45* 0.66* 0.64* — —
BMI (kg/m2) −0.51* −0.42* 0.78* 0.76* 0.57* 0.60* — —
MVPA (min/day) 0.28* 0.33* −0.24* −0.15* −0.20* −0.10 −0.23* −0.13*

* p < 0.01; # n for body fat is lower due to missing data (men, n = 219; women, n = 208).
Abbreviations: BMI = body mass index; CRF = cardiorespiratory fitness; MVPA = moderate-to-vigorous physical activity; WC = waist circumference.
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MVPA than participants in the very high risk group for men and
women, respectively.

Among the correlation coefficients between CRF and
WC/percent body fat/BMI/MVPA, the highest correlation coef-
ficient was found between CRF and WC in both men and
women (Table 3). The correlation coefficient between CRF (in
L/min) and WC was −0.28 (p < 0.001) for men and non-
significant for women. The correlation coefficient between WC
and body weight (kg) was 0.79 and 0.76 for men and women,
respectively (p < 0.001).

The biological factors of sex and age included in the regres-
sion analysis displayed the largest amount of explanatory
power, explaining 46% of the variance in CRF (Table 4). By
including WC, the explanatory power increased to 62%, while
a further inclusion of MVPA added only 3 more percent points
to explanatory power of CRF (Table 4). For every centimeter
increase in WC, CRF was reduced by 0.48 and 0.27 mL/kg/min
in men and women, respectively (p < 0.001).

4. Discussion

This study examined whether the 3 WC groups—normal
risk group, high risk group, and very high risk group—also
reflected significant differences in CRF. The main findings were
that men and women in the normal risk group had 31% and
25% higher CRF, respectively, than men and women in the very
high risk group, and that small differences in WC reflected large
differences in CRF.

The difference in CRF found between 3 different risk groups
varied between 3.2 and 10.4 mL/kg/min. For every increase in
CRF of approximately 3.5 mL/kg/min, there is convincing evi-
dence that the risk of death is reduced by 17% in women32 and
12% in men.33 An 8% decline in CRF per decade after age 30
years in both sexes15 has been found, meaning that the differ-
ences in CRF between participants in the normal risk group and
in the very high risk group represented around 3–4 decades of
aging. Thus, the current recommended WC thresholds for
abdominal obesity are a useful instrument for detecting signifi-
cant health-related differences in CRF.

No differences in overall PA and sedentary time were found
within the 3 WC groups; however, participants with smaller
WC performed significantly more MVPA. A stronger negative
correlation coefficient was also found between WC and PA with
increasing PA intensity (data not shown). These results suggest

that participants with higher WC and lower CRF were not more
sedentary or less physically active overall, but participated in
less intense PA.

In the present study a moderate-to-high negative correlation
was found between CRF and WC in both men (r = −0.66) and
women (r = −0.49), indicating that a large WC is associated
with low CRF. This is higher than previously reported for men
(−0.3811 and −0.6512), but is in line with corresponding data for
women. Kim and So12 adjusted the correlation coefficient for
age in their analysis. Similar adjustments in the present study
did not significantly change the correlation coefficient (data not
shown). Importantly, both of these studies11,12 have a large
potential bias due to indirect estimation of CRF, in contrast to
the present study, which directly measured CRF. In addition, the
present study had twice as many participants. Our results
support the finding of Kim and So,12 and confirm a high corre-
lation between CRF and WC, and that this relationship is stron-
ger in men than women.

“Fit fat” is a term that is used to describe overweight people
who nevertheless have good fitness. In the present study the fit
fat group included the very high risk group participants (those
with the highest WC) who had a CRF corresponding to the
mean CRF (or higher) of the participants in the normal risk
group. While 10% of the women in the very high risk group
were defined as fit fat, the corresponding number of men was
only 1%. Even after adjusting for a larger difference in CRF
between the normal risk group and very high risk group in men,
the proportion of fit fat men was less than half compared to
women. This could be related to the finding of a stronger nega-
tive correlation between CRF and WC in men than women.
Men tend to have a more abdominal obesity (apple shaped
obesity) than women, who have a higher fat prevalence around
thighs and bottom (pear shaped obesity).34 However, the finding
of 10 times more fit fat women than men in the very high risk
group (who all had large waists) was surprising and could
suggest that a sex independent WC threshold for CRF could be
appropriate. Central obesity may reduce the pulmonary func-
tion and increase the work of breathing,35,36 which may have a
negative effect on ventilatory capacity, thereby reducing CRF.

MVPA is strongly correlated to general health and it is
highly recommended to participate in MVPA on a daily basis.37

However, the correlation between MVPA and CRF was much
lower than between WC and CRF. Further analysis of data
showed that differences in CRF were far greater between

Table 4
Hierarchical regression analysis of variables of relative cardiorespiratory fitness (mL/kg/min) (n = 722).

Variables Model 1 Model 2 Model 3

B SE R2 B SE R2 B SE R2

Constant 43.77 1.27* 68.39 1.75* 63.68 1.81*
Sex (female vs. male) 7.18 0.54* 10.85 0.49* 10.43 0.48*
Age (year) −0.37 0.02* −0.29 0.02* −0.29 0.02*
WC (cm) −0.38 0.02* −0.35 0.02*
MVPA (min/day) −0.07 0.01*

0.46* 0.62* 0.65*

* p < 0.01.
Abbreviations: MVPA = moderate-to-vigorous physical activity; WC = waist circumference.
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quartiles of WC than between quartiles of MVPA (data not
shown). This could be explained by at least 2 factors. First,
relative CRF (mL/kg/min) is absolute CRF (L/min) divided by
body weight. The correlation between absolute CRF and WC
was much lower than between relative CRF and WC, because
WC and body weight were highly correlated. Second, MVPA is
a more complex factor with higher measuring bias than WC,
which is an easily measured and precise biological variable.
Even though a standard accepted protocol for measurement of
WC is missing, WC measurement protocol has no substantial
influence on the association between WC and health risk
factors.38,39

Table 3 shows that the correlations between WC, percent
body fat, and BMI were between 0.57–0.78. The high internal
correlations confirm that these factors are highly related and
describe different aspects of obesity. BMI relates body weight
with height. Body fat describes the proportion between fat and
lean muscle mass, and WC describes the body shape by esti-
mating abdominal fat. WC was the variable with the strongest
correlation to CRF in both men and women, and was therefore
used as the single factor in Model 2 in the regression analysis
(Table 4). WC increased the explained variance (R2) of CRF by
16%. By including an interaction term of sex and WC in the
regression analysis (data not shown), WC for men had a 6%
higher explained variance of CRF than women. The regression
analysis also revealed that, for women, a 1 cm increase in WC
reduced CRF just as much as one year of aging. For men, every
1 cm increase in WC reduced CRF by 0.5 mL/kg/min, which
was 0.2 mL/kg/min or 60% more than 1 year of aging. This
indicates that high WC has a major negative impact on CRF,
especially for men. The CRF for men increased by around
1 mL/kg/min for every 2 cm reduction in WC, which was twice
as much as for women, making it easy to estimate changes in
CRF due to changes in WC.

The explained variance of CRF increased by only 3% by
including MVPA in the regression analysis, which was surpris-
ingly low. This could partly be explained by a low number of
participants performing any significant amount of vigorous PA.

The strengths of the study include an objective measure of
PA and the large sample size recruited from a wide age range
throughout Norway. In addition, CRF was directly measured on
a treadmill by gas analysis during a maximal exercise test and
strict end criteria for CRF were used. The study has some
limitations. First, the data are cross-sectional, therefore causal-
ity cannot be assumed. Second, 9 different test laboratories
were used, with 3 different gas analyzer models, which may
have increased the possibility of different test methods and
measurement accuracies across the test laboratories. To mini-
mize these differences all gas analyzers were compared and
calibrated to an artificial lung. Further, a detailed test manual
with instructions was written and all test personnel were rigor-
ously trained in all test procedures. One test leader visited all
test centers several times to ensure a uniformed test procedure.
Third, the CRF and WC measurements were completed 5–8
months after the accelerometer-measured PA level. Partici-
pants’ PA level could therefore have changed prior CRF testing.
However, the largest seasonal variation in PA level in Norway is

found between winter and summer (14% less PA during
winter), with small differences between spring and autumn.40

Because the accelerometer measurements were equally spread
between autumn, winter and spring, and none of the partici-
pants were tested during the summer, the non-systematic bias
due to seasonal variations seems low. A stable PA level over
years among Norwegian adults is also supported by a longitu-
dinal study over 6 years, reporting no secular change in accel-
erometer measured PA (total PA and MVPA) in a large
Norwegian sample.40 Finally, the study is limited by the lack of
inter-rater reliability of the measurements. However, thorough
staff training was performed and detailed test protocols were
distributed to limit inter-tester variability.

5. Conclusion

This study indicates that a large WC is strongly negatively
associated with CRF, especially for men. The recommended
WC thresholds for abdominal obesity reflect significant health
related differences in CRF, and enhance the value of WC as a
useful, easily measured preliminary screening tool for health.
WC showed higher correlation to CRF than BMI and body fat
in both men and women. A 2 cm increase in WC reduced CRF
by around 1 mL/kg/min in men, and 0.5 mL/kg/min in women,
making WC suitable for estimating changes in CRF. The finding
of 10 times more fit fat women than men in the very high risk
group could suggest that a sex independent WC threshold for
CRF could be appropriate, and should be further studied.
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