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Exercise capacity and heart rate recovery response to
exercise in morbidly obese female patients with obstructive
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ABSTRACT

INTRODUCTION: To study exercise capacity and heart rate (HR) recovery after peak exercise in morbidly obese female
patients with obstructive sleep apnoea (OSA).

METHODS: Twenty-four morbidly obese female patients (36.17 + 9.20 years and 45.20 + 5.41 kg.m-2) newly
diagnosed with OSA underwent cardiopulmonary exercise testing (CPET) for assessment of peak oxygen uptake (V'02)
and heart rate (HR) recovery at 30, 60 and 90 seconds. Comparisons were made between mild (apnoea-hypopnea
index [AHI] <15 h-1) and moderate-to-severe (AHI 215 h-1) OSA.

RESULTS: For the entire study population, peak V'O2 was 15.58 + 2.44 ml.min-1.kg-1. No differences in peak V'O2
were found between moderate-to-severe and mild OSA (16.11 + 2.37 vs. 15.19 * 2.50 ml.min-1.kg-1, p=.371,
respectively). HR recovery registered at any time after the peak workload also did not differ between both groups.
Nonetheless, the percentage of HR decrease at 90 seconds of recovery time was almost statistically significantly lower
in the patients with moderate-to-severe OSA (p=.073), and it was negatively correlated with the oxygen desaturation
index (r =-0.679, p=.044).

CONCLUSION: Exercise capacity is not different between patients with mild and moderate-to-severe OSA.
Nevertheless, patients with moderate-to-severe OSA tend to have a slower HR recovery response to exercise than
those with milder OSA. Finally, the oxygen desaturation index is related to this slower chronotropic response.
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1. Introduction

Exercise capacity reflects the ability to perfc
activities of daily living that require aerok
metabolism, and its assessment provides diagrenst
prognostic information for several respiratory
cardiovascular diseases (1). The impact of obsve
sleep apnoea (OSA) on exercise capacity ren
unclear, given some studies have shown that
disorder reduces exercise capacity-6), whereas
others have found no differences in exercise cap
between OSA and no®SA populations (-12).

Several factors impact aerobic capacity,
measured by cardiopulmonary exercise testing (CF
Severe obesity reduces exercise capacity becat:
mass interferes with cardiac and respiratory fuomc
(13). Obesity is also considered a major risk faébo
OSA because there is a tendency for OSA to wo
with significant weight gain (14). A person’s selsc
has an influence on exercise capacity, which cda
at least 20%40% lower in women than in men (1
These variables have not always been consid
however, when interpreting the results of studtest
have evaluated exercise capacity in patients wig#\
(2-10,12). Moreover, these reports have included
a small number of women; therefore, their res
might not extend to this population. Furrmore, only
one study has included CPET measurements obt
from subjects with morbid obesity (3).

A delayed heart rate (HR) recovery after CPE'
considered a predictor of overall mortality (16xn%
studies have shown that patients with OSA haw
attenuated HR recovery that is dependent on ¢
severity (3,5,11,17). A possible mechanism invo
reduced parasympathetic activity, which is obselive
patients with OSA during the recovery phase
exercise (11). However, HR recovery in patientshy
OSA has primarily been analysed in men bece
previous studies have included only a small nunat
women (3,11,17). This bias is of particular impode,
given HR recovery might be decreased in wol
compared with men in some populations, such as!
affected with heart disease (18). Because pre\
studies have been performed primarily on men,
important to also know how OSA impacts HR reco\
in women.

Therefore, the purpose of this study was to s
exercise capacity and cardiovascular rese to CPET
in morbidly obese female patients with O

2. Materials and Methods

Study subjects

Twentyfour morbidly obese female patients ney
diagnosed with OSA were studied from January z
to December 2006. All were on a waiting list
bariatric surger due to morbid obesity. Inclusic
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criteria were as follows: apnc-hypopnea index (AHI)
>5 h4 found in the outpatient sleep register,
between 18 and 65 years, body mass index (E240
kg.m-2 and female sex. Exclusion criteria were he
renal, live or neurologic disease; pregnan
unwillingness or inability to perform testit
procedures previous OSA diagnosis; previous CF
use; and chronic oxygen therapy. The study
approved by the Institutional Ethics Committee at
Paz University hospitaland Principe de Asturic
University Hospital, both located in Madrid, Spadul
the patients provided their written informed cons
prior to any procedure.

At baseline, all the patients’ anthropometric ¢
was recorded and an Epworth somnolence scas
completed.

Sleep register

For every patient, an overnight sleep study
performed using a portable device (Brea-20, Breas
Medical S.L., Molnlyke, Sweden), which is a leve
sleep monitoring diagnostic tool. Tracings w
initiated at approximatgl 11:00 PM and wer
terminated at 6:00 AM, allowing at least 7 hours
sleep recording. The device recorded airflow byah
pressure cannula, respiratory effort by thoracid
abdominal bands and oxygenation by pulse oxim
as well as snoring and bpgosition. All tracings wel
analysed manually by the same pulmonologist,
respiratory events were scored according to
American Academy of Sleep Medicine (19). Apni
was defined as a complete cessation in airf>10
seconds, and hypopnea as ¢nificant decrease in the
amplitude of recorded airflow that last>10 seconds
that was associated with oxygen desaturation :
From these measurements, AHI was calculated a
total number of apnoea and hypopnea events di
per hour of study. We 0 registered the oxygen
desatiration index, the lowest oxygen saturation
the percentage of time spent asleep with ox)
saturation below 90%.

Cardiopulmonary exercise test

All the patients completed a sympt-limited
progressive CPET with an Ergot cycle ergometer
(Bexen, Madrid, Spain). Expired gases and ventis
parameters were analysed br-by-breath (sensor
Oxycon Alpha, Jaéger, Germany). Aerobic cape
(V'02), heart rate (HR), 1%ad electrocardiogram ai
oxygen saturation were contirusly recorded
throughout the test. After one minute of unloa
cycling, the workload was increased by 20 watt-1
until the patient could not continue cycling, atigvh
moment peak exercise variables were registt
Predicted maximal heart rate (MHR)as calculated
using equation 228@ge (20). After achieving the pe
workload, participants spent 90 seconds in a-down
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period at no workload, and HR data were regist
three times (HR1, HR2 and HR3 were registered a
60 and 90 seconds after peakirkload, respectively’
HR recovery was assessed as HR1, HR2 and HR:
also as a percentage decrease of MHR at HR1,
and HR3.

Statistical analysis

The patients were classified according to AHI
two groups: mild OSA (AHI 515 h-1) and modera-
to-severe OSA (AHP15 h4l). Statistical analyses we
first performed on the whole population, and t
comparisons between groups were performed.
guanttative variables were expressed as means
standard deviation. For the egbrical variables
frequencies and proportions were used. To corr
two means, an unpairedest or the Man-Whitney U
test was used, as appropriate. Homoscedasticity
assessed by the Kolmogor&wmirnov test
Correlations between the sleep registnd CPET
variables were evaluated using Pearson’s correl
coefficients. If differences were not norma
distributed, Spearman’s correlation was emplo
Statistical significance was set at avgdue <.05. The
data were analysed using®SS, v.10.1 (Ccago, IL,
USA).

3. Results

Baseline characteristics

A total of twentyfour morbidly obese fema
patients were included. Mean age and mean BMI
36.17 + 9.20 years and 45.20 = 5.41 k2,
respectively. Presented in Table 1 are the sletpfda
the entre study population. Mild, moderate and se\
OSA was detected in 14 (58.30%), 3 (8.60%) ar
(29.20%) patients, respectively.

Mean peak workload in CPET was 97.72 + 1.
watts, and mean peak V'O2 was 15.58 + 2.44 m-
1.kg-1. At maximal workload, thHR was 142 + 19.1
beats.mint and during the recovery period, the
decreased 8.08% + 3.76%, 14.14% * 9.17%
14.83% + 4.11% from MHR at 30, 60 and 90 secc
after maximal workload, respectively (Table

Cardiopulmonary exercise testing according to
severity of OSA

No differences were seen between groups
respect to age and BMI. As expected, patients
moderate-tasevere OSA had a higher AHI (p<.0(
and oxygen desaturation index than those with
OSA (p<.001).

Concerning the CPET rdss; peak workload wa
not different between groups. Interestingly, pea/
measured in moderate-tevere OSA was n
statistically different from that of patients withild
OSA (16.11 + 2.37 vs. 15.19 + 2.50 ml.I-1.kg-1,
p=.371). Additionally, both ups achieved simil
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MHR during CPET and no differences were founc
HR recovery between patients with mode-to-severe
and mild OSA at 30, 60 and 90 seconds after |
workload. Nevertheless, the patients with mod«to-
severe OSA had an almost tistically significantly
lower percentage decrease of HR at HR3 comg
with patients with mild OSA (p=.073) (Table :

Correlations between deep register and
cardiopulmonary exercise testing

We searched for correlations between sleep e
and CPET results. Crosgctional correlations betwe
V'0O2 and AHI or the oxygen desaturation index w
not significant. With respect to HR recovery,
percentage decrease of MHR at HR3 was negat
correlated with the oxygen desaturation index-
0.679, p=.@4) and it showed an almost signific:
correlation with AHI (r =0.655, p=.056) (Table !

4. Discussion

In morbidly obese female patients with OSA, p
V'O2 recorded for patients with mild OSA is r
different from that recorded for patients with moate-
to-severe OSA. In addition, HR recovery after p
exercise is similar in both groups, but patientshy
severe OSA tend to demonstrate a slower chronat
recovery.

Several studies have reported that exercise cgf
in patients with OSA is not diffent from that
registered in healthy subjects-12,21). However,
these results conflict with many other reports theate
described higher maximal V’'O2 in n-OSA than in
OSA populations (26;22). Reinforcing this las
observation, some studies have shothat AHI is
inversely correlated with peak V'O2 during CP
(3,5,22,23). Nevertheless, other factors have laésm
implicated in the exercise capacity of patientsh
OSA, such as age, BMI, body weight and sex (2,
24). Rizzi et al. (10) compared ponse to CPET in
four groups of patients (OSA/controls and lean/el
subjects) and found that maximal V'O2 did not dif
between patients with OSA and controls in both el
and lean patients. However, maximal V'O2 was lo
in patients with obesity (O< and controls) than in lean
subjects. Also, Butner et al. (22) reported loweak
V'O2 in patients with modera-to-severe OSA than in
those with milder OSA or in healthy patients, thage
differences were not detected when this variable
controlledfor body weight and ag:

Several reports have evaluated exercise capac
obese patients with OSA (:-8,10,12), but only one
focused on morbidly obese subjects. Vanhecke €3k
compared CPET results from 42 morbidly obese (|
>35 kg.m-2) patientwiith OSA and 50 of theswithout
OSA and found a decreased peak V'O2 in the pat
with OSA. It is noteworthy that the V'O2 measurec
our population was lower than that reported
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Vanhecke et al. (3) in their OSA group. Thi
differences might be elgqined by the fact that w
included only female patients, in contrast to thelg
by Vanhecke et al. (3), in which almost -third of the
enrolled population was male. It is known that V'(3:
lower in women than in men due to their lesser litg
lower blood haemoglobin concentration and sme
skeletal muscles, so these sex differences mighe
affected the V'O2 in our report (15).

In addition to obesity, other factors could aff
exercise capacity in patients with OSA. For instg
symptoms suclas leg discomfort or dyspnoea dur
CPET could limit maximal exercise capacity. 1
impairment of glycolytic metabolism and the struatt
and metabolic changes in the skeletal muscle
patients with OSA could explain the leg discom
experienced dung the test (25). Cardiac dysfuncti
could also be responsible for exercise limitatigingn
reduced peak V'O2 in patients with OSA has b
linked to lower right ventricular ejection fractic
reduced cardiac output and reduced oxygen pulSg.
Alonsofernandez et al. (9) demonstrated that C
therapy for 3 months was associated with signifi
improvements in various indexes of left ventrict
systolic function response to exercise such asiaa
output and stroke volume. Finally, sleep fragmtion
and excessive diurnal somnolence of those with
could be related to decreased daily activity amctf laf
fitness, resulting in submaximal efforts during QF
(2).

The cardiovascular response to exercise in pat
with OSA was reported to be atteated in sever:
studies (3,5,7,11). Patients with OSA have lower
recovery after peak exercise compared with hei
individuals, and this impaired chronotropic respois
directly related to the severity of OSA (4,11).hdugh
our results did not slw statistical differences in H
recovery between both groups, we observed
patients with moderate-tgevere OSA had a tender
to show a blunted HR recovery at 90 seconds
workload and that AHI and DI were alm¢
significantly correlated to thislower HR recover
This impaired HR recovery could be linked to
increased nocturnal sympathetic activity that pas
with OSA show in relation to sleep fragmentationl
intermittent hypoxia. Thus, sympathetic overacy
that persists even duringzakefulness could redu
sensitization and produce downregulation of car
beta adrenergic receptors (7,26).

Our study has some limitations. The first is rede
to the lack of an obese and a lean control grodipowt
OSA. The absence of a control gpomnakes it difficult
to accurately evaluate the influence of obesity @S\
on exercise capacity. Another limitation might
related to the fact that we only used clinical eatibns
to rule out heart disease in our population. H
disorders could imgir exercise capacity measul
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during a CPET, and exercise capacity is
considered a prognostic factor in ischemic andtetil
cardiomyopathies. All the patients in our study |
nonpathological electrocardiogram because they
on the waiting listfor bariatric surgery, so the:
procedures (clinical evaluation and electrocardiag
helped us detect important cardiac disorders. terd
limitation, we are not able to confirm associati
between sympathetic overactivity and HR reco\
because wdid not measure sympathetic activ

In conclusion, in our study, morbidly obese ferr
patients exercise capacity was not different betv
patients with mild OSA and those with mode-to-
severe OSA. However, the patients with mode«to-
severe OSAtended to have a slower HR recov
response to exercise after they achieved a
workload.
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Table 1. Baseline characteristics of the study population

Variables Value
(n=24
Demographics
Age, years 36.17+£9.2
Weight, kg 120.1°+£ 15.74
Height, m 1.63+5.9
BMI, kg/m? 45.20 +141
ESS 6.25 + .94
Sleep registers
AHI, ht 21.59 + 23.4:
Al h? 7.80 +17.8¢
DI, h* 22.97 +23.6
Lowest SpQ, % 79.13 + 7.4(
Time spent <90%, ' 9.83+16.4
Peak exercise
Breathing reserve, 46.58 £ 10.7
Breathing frequency, m* 35.20 £ 7.1¢
Tidal volume, m 1821.21 + 467.€
V'E/V'CO, slope 28.94 + 4.4¢
HR slope, 1.n".kg* 9.48 +1.7¢
V'O,, ml.mir.kg* 1558+ 2.4
Work, watts 97.72 +£17.2
HR, beats.mi™ 142 +19.1.
Predicted maximal HR, 7491 +£10.7
HR recovery at mi 0.5, beats.mih 130.54 + 18.0
%HR recovery at min 0.5, 8.08 + 3.71
HR recovery at min 1, beats.r! 122.82 + 23.7
%HR recovery at min 1, 1414+ 9.1
HR recovery at min 1.5, beats.r* 123.57+ 16.6
%HR recovery at min 1.5, 14.83 +4.11

Data are presented as mean + SD
%HR: per cent decrease of maximal heart rate; Aphoe-hypopnea index; Al: apnoea index; BMI: body masdeiy DI: oxyger
desaturation index; ESS: Epworth somnolence sc¢#iie; heart rate; Spy: pulse oximetry oxygen saturation; VE: minute vetiin;

VV’COg: carbon dioxide output; V'@oxygen uptak
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Table 2. Comparison between mild and mode-to-severe obstructive sleep apn

Variable AHI <15 AHI >15 95% ClI
(n=14) (n =10)
Age, years 35.57 +11.37 37.00 £5.31 -9.48 - 6.62
Weight, kg 117.07 £17.70 124.50 +12.03 -20.85 - 6.00
BMI, kg.m'2 44.30 +£6.02 46.47 £4.40 -6.82 - 2.48
ESS 7+4,50 5.50 £ 5.53 -3.91-6.91
AHI, h? 7.26 +2.20 41.65 + 25.06 -52.32 — -16.44**
Al, ht 0,83 +1.27 17.56 £ 25.14 -30.55 - -2.89*
DI, h 8.8 +4.82 42.74 £ 25.43 -52.19 — -15.61**
Lowest SpQ, % 82.70+4.92 7450+7.71 2.71 - 13.68**
Time spent <90%, % 2.14 + 20.60 4.32 +20.96 -33.54 — -3.37*
Breathing reserve, % 47.86 +12.06 44.80 +8.98 -6.31-12.42
Breathing frequency, mih 34.07 £5.40 36.80 +9.21 -8.92 — 3.46
Tidal volume, | 1837 £526.47 1799.10 £397.59  -372.51 —448.31
V'E/V'CO, slope 28.63+4.20 29.35+5.09 -4.65 - 3.21
HR slope , 1.mt.kg* 9.92 +1.96 8.90 +1.36 -0.47-2.51
V'O, ml.mint.kg*! 15.19 + 2.50 16.11 +2.37 -3.03-1.17
Peak workload, watts 94.37 £18.40 106.67 £ 11.54 -38.51-13.93
HR, beats.mift 142.86 +22.04 139.67 +11.06 -27.62 — 34.02
Predicted maximal HR, % 75.75 £ 12.65 72.67 £1.54 -14.02 - 20.18
HR recovery at min 0.5, beats.ritin 129.88 +20.71 132.33+11.24 -31.59 - 26.67
%HR recovery at min 0.5, % 9.13£3.91 5.28 +1.00 -1.48 -9.17
HR recovery at min 1, beats.rin 121.12 £27.30 127.33£12.90 -44.24 — 31.83
%HR recovery at min 1, % 16.09 +£10.11 8.93 +2.45 -6.63 - 20.93
HR recovery at min 1.5, beats.rtin 123.17 £16.17 124.34 £14.19 -27.29 — 24.96
%HR recovery at min 1.5, % 16.69 £ 3.23 11.14 +3.26 -0.82-11.89

Data are presented as mean + SBiést was used fccomparisons

%HR: per cent decrease of maximal heart rate; Apitoe-hypopnea index; Al: apnoea index; BMI: body maskein DI: oxygen desaturatic
index; ESS: Epworth somnolence scale; HR: heagt &p1(,: pulse oximetry oxygen saturation; VE: minutmntilation; \V'CC,: carbon dioxide
output; V'O, oxygen uptake

*p<.05, **p<.01
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Table 3. Correlations between sleep registers and cardiomdnyaexercise testil

Variable AHI DI

r p r P
Predicted maximal HR, % -0.067 0.844 -0.062 0.856
%HR recovery at min 0.5, % -0.468 0.147 -0.414 0.206
%HR recovery at min 1, % -0.406 0.216 -0.381 0.248
%HR recovery at min 1.5, % -0.655 0.056 -0.679 0.044

%HR: per cent decrease of maximal heart rate; Abitoe-hypopnea index; DI: oxygen desaturation index
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