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Background: The quantification and interpretation of cardiorespiratory fitness (CRF) in obesity is
important for adequately assessing cardiovascular conditioning, underlying comorbidities, and
properly evaluating disease risk. We retrospectively compared peak oxygen uptake (Vo,peak)
(ie, CRF) in absolute terms, and relative terms (% predicted) using three currently suggested
prediction equations (Equations R, W, and G).

Methods: There were 19 nonobese and 66 obese participants. Subjects underwent hydrostatic
weighing and incremental cycling to exhaustion. Subject characteristics were analyzed by indepen-
dent ¢ test, and % predicted Vo,peak by a two-way analysis of variance (group and equation) with
repeated measures on one factor (equation).

Results: Vo,peak (L/min) was not different between nonobese and obese adults (2.35 = 0.80 [SD] vs
2.39 * 0.68 L/min). Vo,peak was higher (P <.02) relative to body mass and lean body mass in the non-
obese (34 = 8 mL/min/kg vs 22 = 5 mL/min/kg, 42 = 9 mL/min/lean body mass vs 37 = 6 mL/min/lean
body mass). Cardiorespiratory fitness assessed as % predicted was not different in the nonobese
and obese (91% * 17% predicted vs 95% + 15% predicted) using Equation R, while using Equa-
tion W and G, CRF was lower (P <.05) but within normal limits in the obese (94 + 15 vs 87 + 11;
101% * 17% predicted vs 90% * 12% predicted, respectively), depending somewhat on sex.
Conclusions: Traditional methods of reporting Vo,peak do not allow adequate assessment and
quantification of CRF in obese adults. Predicted Vo,peak does allow a normalized evaluation of
CRF in the obese, although care must be taken in selecting the most appropriate prediction equa-
tion, especially in women. In general, otherwise healthy obese are not grossly deconditioned as is
commonly believed, although CRF may be slightly higher in nonobese subjects depending on
the uniqueness of the prediction equation. CHEST 2012; 141(4):1031-1039

Abbreviations: CRF = cardiorespiratory fitness; LBM =lean body mass; MW = measured weight; PW = predicted
weight; Vo, = oxygen uptake; Vo,peak = peak oxygen uptake.

Obesity is a widespread and growing problem world-
wide and is among the most important health
challenges of the 21st century.! Exercise is an impor-
tant component in the prevention and treatment
of obesity and, thus, an accurate assessment of the
patient’s cardiorespiratory fitness (CRF) level to
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determine optimal workout intensities, exercise modes,
and exercise routines is critical.2 Moreover, a proper
quantification and interpretation of CRF is impor-
tant for assessing who has low CRF, underlying comor-
bidities, and increased disease risk.

Peak oxygen uptake (Vo,peak) is routinely mea-
sured as a means of evaluating CRF by exercise phys-
iologists, allied health-care providers, epidemiologists,
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and physicians, who are accustomed to making clinical
decisions based upon comparisons with normal ranges.
However, selecting the correct normal value for com-
parison in obesity is complicated.>” When Vo,peak is
displayed relative to total body mass, obese adults
are severely penalized (ie, show lower values than
nonobese) and their state of CRF is not accurately
reflected (ie, maximal performance of the cardio-
respiratory systems).345 Vo,peak relative to lean
body mass (LBM) (mL/min/LBM) might be a better
approach in mildly obese individuals,® except when
there is a significant increase in LBM as in moderate-
to-extreme obese subjects.®10

An alternative way to assess CRF is to predict
Vo,peak in mL/min/kg for a given age and sex, and
convert it to mL/min by multiplying by a predicted
weight; then, CRF is assessed as % predicted.>71!
The basic assumption is that cardiorespiratory system
capacity is not related to total weight in the obese
but to their height and estimated normal (predicted)
weight.> Wasserman and others'? extended this tech-
nique and adjusted the predicted value in mL/min
for the increased metabolic requirements of unloaded
exercise in obesity.”® Recently, Gliser et al'* devel-
oped a new prediction equation for Vo,peak from a
population that included normal obese adults. CRF
evaluations using these methods have not been com-
pared for a large cohort of otherwise healthy adults in
whom LBM was determined and included nonobese
and obese men and women over a substantial range
of obesity.

The purpose of our retrospective study was to
carefully assess and quantify CRF using: (1) traditional
methods, and (2) % predicted values by means of three
different equations for predicting Vo,peak, in care-
fully selected healthy nonobese and obese men and
women, who had both determinations of Vo,peak
and body composition. We hypothesized that predic-
tion equations with adjustments for obesity would
allow for a graded assessment and quantification
of CRF (ie, low, normal, or high CRF according to
Wasserman et al'?) in obese individuals not possible
with the traditional methods.

MATERIALS AND METHODS

This is a retrospective study using subjects who took part in
projects related to exercise and obesity in our laboratory.!2! In
accordance with the Institutional Review Board (University of Texas
Southwestern Medical Center, STU 122010-108), all details of
the experiments were discussed with the volunteers, and informed
consent was obtained before participation. All subjects were
selected using the same guidelines, were nonsmokers, and had
the same exclusion criteria: history of asthma, cardiovascular disease,
musculoskeletal abnormalities, or had participated in regular
vigorous exercise for the last 6 months. Participants were instructed
to avoid exercise 24 h prior to study, and food and caffeine for at
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least 2 h before testing. Hydrostatic weighing, with the mea-
surement of residual volume during weighing, was performed
to determine percentage of body fat, LBM, and total body
fat mass.22 Vo,peak (open circuit spirometry) was determined
by graded cycle ergometer exercise (model CPE 2000; Med-
Graphics) to exhaustion. Testing began with the subjects seated
on an electronically braked cycle ergometer with 3 min of base-
line measurements. Initial workrate was set at 20 W for women
and 30 W for men. Workrate was increased each minute by
20 W in women or 30 W in men until termination of exercise test.
Test termination criteria included volitional exhaustion or pedal
rate =50 rpm.

Prediction Equations

Equation R (from Riddle et al?), used age and predicted weight
to predict Vo,peak (mL/min)>2:

Men (60 —0.55A) X PW [PW = (4.13H/2.54 — 135)/2.2]
Women (48 —0.37A) X PW [PW = (3.55H/0.54 — 106)/2.2]

Equation W (from Wasserman et al'2), used age and predicted
weight plus an adjustment for increase during cycling in obesity,s
to predict Vo,peak (mL/min)'2:

Men nonobese [(50.72 — 0.372A) X ((PW + MW)/2)]
Men obese [(50.72 — 0.372A) X PW + (6 X (MW — PW))]
[PW=0.79H — 60.7]
Women nonobese [(22.78 —0.17A) X ((PW + MW + 86)/2)]
Women obese [(22.78 —0.17A) X (PW +43) + (6 X (MW — PW))]
[PW=0.65H —42.8]

Equation G (from Glisser et al'*), used age, height, and mea-
sured weight, developed from a reference population with numer-
ous obese individuals, to predict Vo,peak (mL/min)™:

Men* (—69 + 1.48A + 14.02H + 7.44MW — 0.2256A2)
Women (—588 — 11.33A + 9.13H + 26.88MW — 0.12MW?2)

where A = age in y, H = height in cm, PW = predicted weight in kg,
and MW = measured weight in kg. *The original equation for men
in Equation G includes a correction factor for smoking (0 for no,
1 for yes), but was not included since the present subjects were
nonsmokers.

Statistical Analyses

Statistical analyses were undertaken using SAS, version 9.2 (SAS
Institute Inc).2* Differences in subject characteristics, absolute
Vo,peak (defined as L/min), and relative Vo,peak (defined as
mL/min/kg, and mL/min/LBM) between groups were tested with
an independent ¢ test. Predicted Vo,peak and % predicted
Vo,peak data were analyzed with a two-way analysis of variance
(group and equation) with repeated measures on one factor (equa-
tion). Multiple comparisons between groups (Tukey) and within
groups (one-way analysis of variance with repeated measures)
were adjusted to control for experiment-wise error. The same
analyses were applied to differences between sexes. Relationships
among variables were determined with Pearson correlation coef-
ficients. A P <.05 value was considered significant.

RESULTS

Fifty-one men (11 nonobese, 40 obese) and 34 women
(8 nonobese, 26 obese) comprised the cohort of

85 adults (Table 1).
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Table 1—Subject Characteristics

Total (N =85)

Men (n=>51)

Women (n = 34)

T T T \
Nonobese (n=19) Obese (n=66) Nonobese (n=11) Obese (n=40) Nonobese (n=8)  Obese (n=26)

Age,y 31.6+76 35.1+6.9
Height, cm 17110 17311
Weight, kg 67.1+10.9 108.0+17.8¢
BMI 22.6+2.5 35.9 +4.4c
Body fat,* % 18.2*+3.6 40.0 = 5.8¢
Fat mass, kg 12.8+3.2 43.4+10.5¢
Lean body mass, kg 54.3+9.2 64.6+11.1¢
Predicted weight, kg, R 63.4+9.1 65.2+9.1
Predicted weight, kg, W 72.3+10.14 742 +10.14

29.6 6.9 36.5*£6.4> 344=*8.1 32.8*72
178 =7 180%5 162+6 163 =8
742%6.3 115.3+16.3 573x76 96.9 £ 13.8"
23.2*24 35.6+4.4> 21.7+25 36.3 £4.6"
18.14.0 37.8+4.7 18334 43.4=*57
13.5£3.4 44.1=10.9> 11.8+2.9 42.4+10.0b
60.7+5.2 71.2*x7.6 454+49 544 =710
70.0£5.0 71542 544=*4.1 55.5%5.1
79.7+5.3d 81.3+4.54 62.24.24 63.3£5.3¢

Values are means * SD. R = equation R; W = equation W.

“For the obese women, body fat range was 30% to 54%. For the obese men, body fat range was 30% to 46%.

bSignificantly different from nonobese within sex (P <.01).
<Significantly different from all nonobese (P <.01).
dSignificantly different from predicted weight R (P <.001).

There were no differences in maximal power out-
put (W) or absolute Vo,peak (L/min) between the non-
obese and obese (Table 2). However, Vozpeak relative
to body mass (mL/min/kg) and LBM (mL/min/LBM)
were lower (P <.01) in the obese. The effect of body
mass on all traditional displays of Vo,peak are shown
in Figure 1. Vo,peak (L/min) (Fig 1A) increases while
Vo,peak (mL/min/kg) (Fig 1B) decreases with increased
body mass. Vo,peak (mL/min/LBM) (Fig 1C) slightly
declines with body mass and penalizes the obese
group to a smaller degree. This decline reflects the
approximately 10 kg larger (P <.01) LBM in the
obese subjects.

The interrelationships between LBM, fat mass,
height, and Vo,peak are shown in Figure 2. The increase
in fat mass with obesity has almost no association with
Vozpeak (Fig 2A) while the increase in LBM is strongly
correlated (P <.001) with Vo,peak (Fig 2B). Some of
this association is related to the effect of height on
both Vo,peak (Fig 2C) and LBM (Fig 2D). The cor-
relation between Vo,peak and LBM is decreased from
0.82 to 0.40 when the effect of height is partitioned
out (data not shown). Therefore, groups that vary
greatly in LBM (ie, different body fat and/or different
heights) will have different mL/min/LBM indepen-
dent of CRF.

Whole-Group Differences

Figure 3 shows that all the equations predicted dif-
ferent Vo,peak values for all (ie, total) nonobese
and obese, with the exception of Equation R and W,
which yielded similar Vo,peak values in the non-
obese (ie, vertical lines denote significant differences
between equations). As expected, Equation W pre-
dicted a higher Vo,peak value than Equation R for
the obese because only Equation W has an adjust-
ment for obesity. Equation G was the only equation
where the Vo,peak values were significantly different
between the nonobese and obese (ie, horizontal lines
denotes significant differences between groups within
a specific equation).

Sex Differences

The differences between nonobese and obese were
not representative of the differences observed for the
men and women. As expected, in the nonobese men
there were no differences between Equation R and W
because neither equation has a correction factor for
nonobese individuals, and for the obese men Equa-
tion W predicted a higher Vo,peak value than Equa-
tion R. Equation G was the only equation where the
Vo,peak values were significantly different between

Table 2—Peak Exercise

Total (N =85) Men (n=51) Women (n = 34)
\ T 1 \
Nonobese (n=19)  Obese (n=66) Nonobese (n=11) Obese (n=40) Nonobese (n=8)  Obese (n =26)
Max power output, W 203 = 68 189 =51 243 + 62 222 + 35 148+ 18 139+ 20
VOzpeak, L/min 2.35+0.80 2.39 £ 0.68 2.86 = 0.66 2.86 =0.43 1.64+0.23 1.68+0.23
Vo,peak, mL/min/kg 345+7.6 22.1%5.1s 38.3£6.6 25.0 £4.00 29.3£5.6 17.6 =2.9b
V’OZPeak, mL/min/LLBM 42.4+8.7 36.6 £ 6.3 46.9+7.8 40.1 +4.5b 36.4+59 31.3+4.5b

Values are means + SD. Vo,peak = peak oxygen uptake.
sSignificantly different from all nonobese (P <.01).
bSignificantly different from nonobese within sex (P <.01).
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FIGURE 1. Individual data showing the effect of body weight on
VO, A, Displayed in absolute terms (L/min). B, Displayed
relative to bod[;/ weight (mL/min/kg). C, Displayed relative to
LBM (mL/min/LBM). Solid line represents regression line for all
subjects. VO, , = peak oxygen uptake; LBM = lean body mass.

the nonobese and obese men. However, the oppo-
site pattern was observed in the nonobese and obese
women; there were no differences in the predicted
Vo,peak values between all the equations in the
obese, but they all predicted different Vo,peak values
in the nonobese women. Figure 4 shows the rela-
tionship between each prediction equation with the
measured Vo,peak data.
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Whole-Group Differences

Figure 5 shows that all the equations yielded dif-
ferent levels of CRF (Vo,peak % predicted) for all
(ie, total) nonobese and obese, with the exception of
Equations R and W in the nonobese, and only Equa-
tion R showed CRF to be not different between the
nonobese and obese. In contrast, with Equations
W and G, nonobese had a higher level of CRF than
obese, although obese were still within the range of
normal fitness (ie, > 84% predicted!2).

Sex Differences

Between nonobese and obese men, CRF was not
different independent of equation. However, all the
equations yielded different levels of CRF for the
nonobese and obese men, with the exception of Equa-
tions R and W in the nonobese men. In the women,
Equations W and G showed higher CRF in nonobese
than obese. Most importantly, we observed that among
equations there was an unexpected wide range of CRF
in the nonobese women, and very similar values in
the obese, which contrast with what was observed in
the men. Nevertheless, the use of % predicted Vo,peak
allowed a quantified assessment of CRF in both non-
obese and obese adults unlike the traditional methods,
although each method had its own characteristics for
the effect of body mass.

Individual data for Vo,peak % predicted are shown
in Figure 6 demonstrating the effect of body mass on
each prediction equation. The tendency for CRF to
increase in heavier subjects with Equation R is shown
in Figure 4A. This increase in CRF was due to the
tendency for heavier subjects to have a slightly higher
Vo,peak and Method R does not have a correction
for obese individuals. With Equation W (Fig 4B),
there was a tendency for CRF to decrease in heavier
subjects, resulting from the correction for the increased
metabolic load of cycling in obesity. The same pattern
was shown in Figure 4C for Equation G, but overall
CREF is increased in all subjects with this equation
(ie, similar slope as in Equation W, but higher
y-intercept). The % predicted approach allowed a
graded quantification of CRF among obese, as well
as comparisons with nonobese individuals.

Using % predicted equations, Figure 7 illustrates
the overall proportion of nonobese and obese sub-
jects with low, normal, and high CRF."2 Although,
mean CRF appeared to be slightly lower in the obese
when compared with nonobese in Equations W and
G, a higher percentage of the nonobese had low CRF
than obese in Equations R and W. Equation G showed
an opposite pattern. Furthermore, a large proportion
of obese individuals (ie, 64% to 70%) have normal
CRF, independent of the equation. Although the
fitness categories are somewhat arbitrary, this graph

Original Research
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Figure 1 legend for expansion of abbreviations.

still shows how similar the proportion in each fitness
category in the nonobese vs obese groups is.

Di1scuUssioN

Our main findings are as follows: (1) Traditional
methods of reporting Vo,peak (ie, L/min, mL/min/kg,
mL/min/LBM) do not allow adequate assessment and
quantification of CRF among obese and nonobese;
(2) the use of a % predicted Vo,peak enables a graded
assessment and quantification of CRF in obese,
although care must be taken in selecting the most
appropriate prediction equation, especially in women;

. Total (n=85) Men (n=51) ‘Women (n=34)
Predicted

T O,peak Nonobese Obese Nonobese [ Obese Nonobese Obese
n=19) | (n=66) (n=11) | (n=40) (n=8) (n=26)

Fquation R 2.58 2.51 3.06 2.85 1.92 1.99
£0.65 | £0.50 +0.36 | ¥0.31 | 2022 +0.21

Equationw || 2% [ 275 305 (322 [ 174 2.03
| ¥0.70 | $0.64 | ¥0.27 | $0.30 1 $0.13_| #0.16

Equation G Fos [Mae [Tast [Ta0s [T 164 1.99
£0.61 _| +0.55 £0.15 _| +0.21 0.13 _| #0.11

FIGURE 3. Predicted VO,peak values. Values are means = SD
in I/min. Horizontal lines represent significant difference between
groups within equation. Vertical lines represent significant differ-
ence between equations. VO,peak = peak oxygen uptake.

www.chestpubs.org

(3) quantifying CRF in obesity is a complex and
extremely important issue that requires careful selec-
tion, use, and interpretation of comparison techniques
when assessing deconditioning and disease impair-
ment in obese adults or patients; and (4) in general,
otherwise healthy obese individuals of the degree
and age from the present study are not deconditioned
as is commonly believed, although CRF may be
slightly higher in nonobese depending on the unique-
ness of the prediction equation selected. Neverthe-
less, a higher proportion of obese individuals had
normal CRF compared with the nonobese subjects.
Our results agree with others and show that absolute
Vo,peak (L/min) was not different between nonobese
and obese of the same height and sex.??” However,
our results contrast with some who observed Vo,peak
(L/min) to be elevated in obesity.34825 Vo,peak is
usually increased in obesity,3*52 not because of an
increased cardiorespiratory capacity or increased fat
weight, but rather because of an increase in LBM
to support the larger structure.?52 In addition, the
increased Vo,peak in the obese may be a result of
them having to carry the added weight every day.
Wasserman and Whipp® proposed the obese to have a
slightly elevated Vo,peak compared with the nonobese,
which may increase by approximately 6 mL/min/(kg
of extra body weight). Our results failed to show an
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See Figure 1 legend for expansion of abbreviation.

increase in Vo,peak in the obese, which suggests that
the correction factor in Equation W may not apply
to all obese subjects. Alternatively, it could be that
the correction does not apply to at peak exercise (cor-
rection factor was derived from unloaded cycling in
men and it may not represent the same difference
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between obese and nonobese observed at maximal
efforts) or to women (men were closer to their pre-
dicted value than the women).

We observed a decrease in relative Vo,peak
(mL/min/kg) in the obese,?273031 although this
approach is not an adequate representation of
CRF in obese subjects.>1232 We also observed that
Vo,peak adjusted for LBM was still significantly
lower in the obese compared with the nonobese
individuals. These observations agree with prior
studies, 10273233 but contrast with the results from
others.5252931 Our obese had significantly larger
LBM than the nonobese, and thus lower Vo,peak
(36.6 mL/min/LBM vs 42.4 mL/min/LBM), which
closely match the differences reported between obese
and normal weight individuals in a study by Ofir et al.®?
Studies with a more limited range in body fats252051
observed similar Vo,peak (mL/min/LBM) values
between obese and nonobese, while those studies
with larger differences in body fat had similar results
tO 0urs.l(),27,32,33

The interrelationships between LBM, height, and
Vo,peak are very important, as seen in Figure 6.
When taking out the effect of height on the relation-
ship between LBM with Vo,peak the correlation
drops by half (r=0.40). Thus, one must use caution
when comparing Vo,peak in mL/min/LBM between
nonobese and obese if the subjects are of different
heights and have large differences in adiposity. More-
over, unlike Vo,peak adjusted for body mass, the LBM
adjustment does not have normative values to evaluate
CRF, which make these data difficult to interpret,’
and makes this approach very limited for clinical use.

Depending on the prediction equation, CRF ranged
from somewhat higher to slightly lower in nonobese
compared with obese. Some variation in our results
was expected given that all approaches had different
derivations for predicting Vo,peak. Regardless of
the equation, we expected the predicted Vo,peak
values to be more similar among nonobese than obese,
which was the case in the men but not so in the
women. Therefore, CRF was not different between
nonobese and obese men, but CRF was higher in

P ¢ Total (n=85) Men (n=51) ‘Women (n=34)
ercent
Predicted Nonobese Obese Nonobese Obese Nonobese Obese
redicte
=19 | @=66) | @11 | @=40) | @9 | w26
. 91 95 94 101 86 85
EquationR | =, | s $19 | w15 ) #13 19
cantionw || %4 [ 87 o0 ||l 8o [l os 83
juatle
q L5 e a7l a2 $13 _lp +
Eauation G ot Moo Mo [T g 100 |1 ss
quatt 117 | 12 120 +13 14 _| 19

FIGURE 5. VO,peak values as % predicted. Values are means = SD.
Horizontal lines represent significant difference between groups
within equation. Vertical lines represent significant differ-
ence between equations. See Figure 1 legend for expansion of
abbreviation.
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nonobese than obese women (see Fig 5). All subjects
who participated on this study reported similar cur-
rent physical activity levels as well as exercise history,
and thus, there is little reason to believe that the
nonobese and obese had different CRF. Moreover,
Figure 7 shows that, although the mean CRF between
nonobese and obese may be slightly different, the
percentage of nonobese or obese individuals under
each category is roughly the same, and there is a

www.chestpubs.org

large proportion (64%-70%) of obese individuals
who have normal CRF. Taken together, most of
the obese subjects have only a slight reduction in
CREF, if any, and this difference should not alter
prescribed treatment to increase overall CRF, car-
diopulmonary health status, or exercise for weight
maintenance/loss.

From our results it is apparent that the ability to
predict Vo,peak using the present equations is cer-
tainly influenced by sex. For example, in the men
we observed an increased variability for the predicted
Vo,peak values in the obese compared with the non-
obese. This could be expected as some of the predic-
tion equations used in the present investigation have
adjustments when applying them to obese individ-
uals, while other prediction equations do not have
such adjustments. On the other hand, the prediction
equations for women behaved opposite to those of
the men; the increased variability for the predicted
Vo,peak values was observed in the nonobese rather
than in the obese women. We are puzzled as to why
this is the case, but this could be perhaps due to
the different specific characteristics of the reference
populations used to derive the prediction equation in
women. Nonetheless, an improved prediction equa-
tion in nonobese and obese women is warranted for
assessing deconditioning and disease risk.

Our cohort was very unique in the sense that we
used carefully selected healthy nonobese and obese
subjects who performed a peak exercise test and
underwent hydrostatic weighing to estimate per-
cent body fat, fat mass, and LBM. However, when
the cohort is divided up by sex the number of control
nonobese subjects is limited. Our original research
interest was on obese subjects mainly, and sex differ-
ences were unexpected. Nevertheless, we were suc-
cessful in showing how quantifying CRF using
traditional approaches differ from prediction equa-
tions, which have not been evaluated for a large
cohort of otherwise healthy obese men and women
over a substantial range of obesity with body compo-
sition measurements.

These results are important for adequately assess-
ing CRF, underlying comorbidities, and disease risk.
Although many reports suggest that increased fitness
is associated with lower risk of mortality regardless of
the degree of adiposity,> there are no well-accepted
norms to appropriately determine and quantify CRF
in obesity. Some large epidemiologic studies®3739-4!
have assessed CRF based upon Vo,peak (mL/min/kg). 2
Our results suggest this method of assessing CRF in
obesity is inappropriate. Thus, the impact of CRF on
all-cause mortality and morbidity may be erroneously
assessed and misleading in obesity.

There are several important findings from the pre-
sent research. First, traditional methods of evaluating
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Vo,peak (ie, L/min, mL/min/kg, mL/min/LBM) are
not appropriate when applying them in obese indi-
viduals. Vo,peak % predicted is probably a better
alternative when assessing CRF in obesity. Based on
our results, we recommend employing the Wasserman
prediction equation for men (Equation W). There
was greater variability between the prediction equa-
tions in the women but Equation R seems to best
option to assess CRF. However, a better prediction
equation for obese and nonobese women is required.
These data provide substantial evidence that CRF in
healthy young obese individuals is much higher than
what is commonly believed. Moreover, the actual
proportion of individuals with low CRF is about the
same between nonobese and obese individuals and

there is a large proportion of the obese with normal
CRF.
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