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INTRODUCTION: A partial sitting position has been reported to increase functional residual
capacity (FRC) in lean subjects, whereas FRC does not change with position in the morbidly obese.
The effects of positioning in the subgroup of overweight and mildly to moderately obese subjects
have not been examined. We hypothesized that a change in FRC may be related to adipose tissue
distribution. METHODS: We investigated the hypotheses that a 30° Fowler’s position would in-
crease the FRC and decrease the closing-capacity-to-FRC ratio in subjects with a body mass index
in the 25.0–39.9 kg/m2 range. We tested whether body fat distribution, measured by waist circum-
ference and waist-to-hip ratio, correlated with the lung-volume changes. RESULTS: The 30° Fowl-
er’s position did not improve the FRC, when compared to the supine position (n � 32). The
closing-capacity-to-FRC ratio was > 1 in 5 of 7 subjects while sitting, and in all 7 subjects while
supine or in the 30° Fowler’s position. The waist-to-hip ratio was correlated with closing capacity
in all positions, and correlated with closing-capacity-to-FRC ratio in the supine position. CON-
CLUSIONS: Standard position changes purported to increase FRC are ineffective in the overweight
and mildly to moderately obese, a subpopulation represented by almost 67% of Americans. Bedside
caregivers may need to modify current practices when the clinical goal is to improve resting lung
volumes in sedentary patients. Key words: functional residual capacity, closing capacity, positioning,
obesity. [Respir Care 2009;54(3):334–339. © 2009 Daedalus Enterprises]

Introduction

The use of a partial sitting position to increase the func-
tional residual capacity (FRC) is conventional practice in
hospitalized patients, particularly when recovering from
general anesthesia and surgery. Lean individuals (body
mass index [BMI] � 25 kg/m2) may ameliorate the loss of

FRC when moving from a supine to a partial sitting posi-
tion.1,2 Alternatively, there is evidence that in the morbidly
obese (BMI � 40 kg/m2) the FRC is so substantially de-
creased that it changes minimally when moving between sit-
ting and supine.3,4 Among the adult American population,
morbid obesity has a prevalence of only 4.8%, while the
combined prevalence of overweight (BMI 25.0–29.9 kg/m2)
and mild (BMI 30.0–34.9 kg/m2) and moderate (BMI 35.0–
39.9 kg/m2) obesity is 61.5%,5 and this group may compose
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over 60% of the critical care population.6 We hypothe-
sized that a 30° Fowler’s position would improve the FRC
and closing-capacity-to-FRC ratio in healthy, overweight
and mildly to moderately obese subjects. We also evalu-
ated if, and to what extent, relative BMI and body fat
distribution, indicated by waist circumference or waist-to-
hip ratio, correlated with the effects of position on resting
lung volume.
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Methods

This was a quasi-experimental study with a repeated-
measures, within-subjects design. The study was conducted
in the pulmonary function laboratory at the University of
Texas MD Anderson Cancer Center in Houston, Texas.
All subjects gave written informed consent according to
the University of Texas Health Science Center Committee
on the Protection of Human Subjects and the MD Ander-
son Cancer Center Institutional Review Board.

The sample comprised healthy volunteers with a BMI
range from 27.0 kg/m2 to 39.9 kg/m2, recruited from the
general population of Houston, Texas. Inclusion criteria
included age 18–75 years, English speaking, and able to
understand and follow instructions in regard to pulmonary
function tests. Exclusion criteria included weight over
180 kg, known abdominal pathology, pregnancy, presence
of known chronic pulmonary disease requiring daily phar-
macologic treatment, and presence of acute lung disease
currently requiring medication. A sample size of 34 for
repeated-measures analysis of variance (ANOVA) was cal-
culated (N-Query Advisor, Statistical Solutions, Saugus,
Massachusetts), with interim analysis at 6, 17, 25, and 30
subjects. The assumptions, � � 0.05, mean FRC values
2.3 L, 1.95 L, and 2.06 L (sitting, supine, and 30° Fowl-
er’s, respectively), and common standard deviation � 0.51,
yielded power � 0.90. Data on resting lung volumes, spe-
cifically in obese subjects while in various body positions,
are sparse. The sitting and supine FRC values are based on
a rather dated report from Tucker and Seiker, and repre-
sent the most conservative effect size from available data.7

Measurements

Anthropometric measurements (height, weight, waist and
hip circumference) were made according to the National
Heart, Lung, and Blood Institute anthropometry manual,
with attention to the privacy of the subject.8

Pulmonary function tests were done in a hospital-based
laboratory, according to the 2005 American Thoracic So-
ciety/European Respiratory Society recommendations.9,10

The spirometry system and analyzers, including flow, vol-
ume, and gases, were calibrated prior to each test run,
according to the manufacturer’s specifications.

Spirometry. Spirometric values were measured with a
spirometry system (MasterScreen, Jaeger, Hoechberg, Ger-
many, technical specifications available in Appendix). In-
spiratory capacity and expiratory reserve volume (ERV)
were determined by the spirometry system, based on the
end-expiratory level determined during tidal breathing and
the vital capacity.

Functional Residual Capacity. FRC, residual volume,
and total lung capacity were measured with the multiple-

breath helium-dilution technique. FRC measurements rep-
resented the mean of at least 2 reproducible trials that
agreed within 10%. A minimum 5-min interval occurred
between each run of FRC measurements, to ensure ade-
quate helium washout. Both the end-expiratory volume
and helium concentrations were evaluated in real time;
baseline deviations or evidence of system leaks terminated
the run, and the test was repeated according to protocol.
All subjects were able to perform a “linked” ERV and
inspiratory capacity vital capacity maneuver without the
patient removing the mouthpiece, as recommended.

Closing Capacity. The closing volume was measured
with the single-breath nitrogen-washout technique (Vmax
Spectra, SensorMedics, Yorba Linda, California, technical
specifications available in Appendix). The onset of stage IV
was identified by visual examination of the tracing and the
instrument’s software. The instrument’s screen was posi-
tioned in view of the subjects, who were coached to main-
tain expiratory flow at the targeted rate (0.3–0.5 L/s).
Closing-volume measurements were repeated until the
mean of at least 2 trials were reproducible within 10%. A
minimum 5-min interval occurred between each run of
closing-volume measurements, to ensure adequate oxygen
washout. Complete closing-volume measurements were
limited to 7 subjects, due to technical problems with the
instrumentation (see Appendix for a full description). Re-
sidual-volume measurements obtained from the helium-
dilution test were added to the closing-volume measure-
ment to determine the closing capacity.

Pulse Oximetry. Pulse oximetry (Onyx 9500, Nonin,
Plymouth, Minnesota, technical specifications available in
Appendix) was used to measure blood oxygen saturation
(SpO2

). Pulse oximetry readings were taken after the sub-
ject had been in the research posture for a minimum of
5 min.

Positioning. The sitting, 30° Fowler’s, and supine posi-
tions were measured with a universal inclinometer and
maintained with standard operating room stretcher and pil-
lows. All test runs began with the sitting position, to es-
tablish a standard baseline measurement. The research pos-
tures (30° Fowler’s to supine, or supine to 30°Fowler’s)
were randomized with a random number table. The subject
was placed in the research posture for a minimum of 5 min
before each test run, and remained in the research posture
between runs for the same position, until reproducible re-
sults were obtained for each variable.

Data Analysis

Data were analyzed with statistics software (SPSS 12.0,
SPSS, Chicago, Illinois). The mean values and standard
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deviation were computed for all relevant variables. All
subgroup variables were defined prospectively. Pearson
correlation coefficients were used to assess the relation-
ship among the independent and dependent variables. Re-
peated-measures ANOVA was used to evaluate the effects
of 3 positions (sitting, supine, 30° Fowler’s) on the depen-
dent variables, FRC, and closing-capacity-to-FRC ratio.
Differences were considered to be significant when P � .05.
Repeated-measures ANOVA depends on an assumption of
sphericity, meaning that the variances of the differences
are equal. We used Mauchly’s test to determine sphericity.
When Mauchly’s test indicated a violation of sphericity,
the Greenhouse-Geisser correction was applied. Univari-
ate and multiple regression were calculated to determine
whether any indices of body habitus predicted the FRC or
closing-capacity-to-FRC ratio.

Results

Subjects

The study sample comprised 32 subjects, whose demo-
graphics and descriptive data are depicted in Table 1.

Effects of Position on FRC and Closing-Capacity-to-
FRC Ratio

The overall mean FRC in the supine and 30° Fowler’s
position were very similar, with the mean FRC higher in

the sitting position (Table 2). Supine and 30° Fowler’s
FRC were 77.5% and 79.3% of sitting FRC, respectively;
supine and 30° Fowler’s ERV were 22.2% and 27.7% of
sitting ERV, respectively. There was no interaction be-
tween position and sex in the difference between supine,
30° Fowler’s, and sitting FRC (P � .16). The overall mean
closing-capacity-to-FRC ratio in the supine and 30° Fowl-
er’s positions were very similar, with mean closing-capac-
ity-to-FRC ratio lower in the sitting position (see Table 2).
The closing-capacity-to-FRC ratio was � 1 in 5 of 7 sub-
jects while sitting, and all 7 subjects while supine or in the
30° Fowler’s position (Table 3).

Changes in SpO2
for sitting, supine, and 30° Fowler’s

positions (97.3%, 96.9%, and 96.4%, respectively) were
statistically significant; however, the differences were
within the instrumentation variance. In addition, the
changes in SpO2

did not appear to be clinically relevant.

Effects of Body Fat Distribution

Subgroup analysis in overweight (BMI 25.0–29.9 kg/
m2), mildly to moderately obese (BMI 30.0–39.9 kg/m2),
waist-to-hip ratio � 0.95, and waist-to-hip ratio � 0.95
subjects revealed that neither relative body mass nor the
distribution of mass influenced the effect of a 30° Fowler’s
position on the FRC. Neither waist-to-hip ratio nor waist
circumference correlated to FRC in any position (data not
shown). However, waist-to-hip ratio was correlated to clos-
ing capacity in all positions (sitting r � 0.831, P � .02;
supine r � 0.877, P � .01; 30° Fowler’s r � 0.790,
P � .035).

Univariate and multiple regression of BMI, waist cir-
cumference, and waist-to-hip ratio on the difference be-
tween the supine and 30° Fowler’s position for FRC, clos-
ing-capacity-to-FRC ratio, and SpO2

revealed no statistically
significant explanation of the variability (data not shown).

Discussion

This pilot study investigated the effect of a 30° Fowler’s
position on resting lung volumes in a sample of over-
weight and mildly to moderately obese subjects. The find-
ings revealed that FRC did not increase when overweight
and mildly to moderate obese subjects were moved from
the supine to a 30° Fowler’s position. These data suggest
that a historical principle of pulmonary physiology may
not apply to a large proportion of the American popula-
tion. The effects of posture on FRC are described in the
classic texts of pulmonary physiology used in medical and
graduate education.1,2 These effects are generally inter-
preted as supine positioning reducing the FRC by approx-
imately 1.0 L, whereas about half of that loss is regained
in a 30° head-elevated position. This schema is not sup-
ported by the results in this sample. However, the histor-

Table 1. Study Subjects (n � 32)

Female (n, %) 19 (59)
Male (n, %) 13 (41)
Asian (n, %) 4 (12)
African American (n, %) 5 (16)
White (n, %) 15 (47)
Hispanic (n, %) 8 (25)
Overweight (n, %) 9 (28)
Mildly to moderately obese (n, %) 23 (72)
Weight (mean � SD kg) 89.4 � 11.6
Height (mean � SD cm) 165 � 9
BMI (mean � SD kg/m2) 32.7 � 3.5
Waist circumference (mean � SD cm) 105 � 11
Hip circumference (mean � SD cm) 115 � 7
Waist-to-hip ratio (mean � SD) 0.91 � 0.08
FVC (mean � SD % predicted) 103 � 18
FEV1/FVC (mean � SD) 80.2 � 5.7
FRC (mean � SD % predicted) 90 � 2
RV (mean � SD % predicted) 90 � 2
TLC (mean � SD % predicted) 97 � 13

BMI � body mass index
FVC � forced vital capacity
FEV1 � forced expiratory volume in the first second
FRC � functional residual capacity
RV � residual volume
TLC � total lung capacity
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ical data are based on a British sample from the 1950s,
when the prevalence of obesity was � 10%.11 Our sample
comprised subjects with a BMI from 25 kg/m2 to 39.9
kg/m2, which currently represents almost two thirds of the
American population.

Persons with upper-body obesity have significantly lower
lung volumes than persons with lower-body obesity.12,13

In this study, a higher waist-to-hip ratio was associated
with higher closing capacity in all positions, and a higher
closing-capacity-to-FRC ratio when supine. This suggests
that relative abdominal adiposity engenders unfavorable
static lung function. In our study, static lung volume mea-
surements were prioritized because of their clinical impor-
tance in the sedentary, hospitalized patient.

Complete closing-volume measurements were only
available for 7 subjects in this study. Despite the small
sample size, both statistical and clinical importance were
found in the relationship between waist-to-hip ratio and
closing capacity in all body positions. Previous research
demonstrated closing-capacity-to-FRC ratios � 1 in su-

pine, anesthetized patients, without controlling for body
mass and body fat distribution.14-16 We were surprised to
find detrimental closing-capacity-to-FRC ratios in healthy
awake subjects who were sitting, partially reclining, and
supine. These conditions may lead to airway closure within
tidal breathing and the potential for intrapulmonary shunt
and impaired oxygenation. Despite the lack of precision in
pulse oximetry readings, it was unexpected to find that the
lowest SpO2

readings were identified for subjects in the 30°
Fowler’s position. This suggests that the partial sitting
position impedes oxygenation in the overweight and obese
beyond its effects on FRC. Our results indicate the need
for further research on methods to maintain FRC and re-
duce the closing-capacity-to-FRC ratio in the overweight
and mildly to moderately obese population.

Limitations

The total sample size in this study was small; although
both sexes and multiple ethnicities were represented, none
of the subgroup sizes is large enough to warrant general-
izations to specific groups. Despite statistical significance,
the small sample size of the closing capacity group was
problematic. The closing-volume maneuver was difficult
for some subjects; several required multiple tests for re-
producible results. The software limited the number of
closing-volume maneuvers that could be recorded, which
may explain the rare use of this technique in current re-
search.

The SpO2
differences between the 3 positions were within

the precision of the pulse oximeter. The differences re-
ported were not judged to be clinically important. Because
of the shape of the oxyhemoglobin dissociation curve,
changes in the PO2

could have occurred with very small to
nondetectable changes in SpO2

. Arterial blood gas analysis
would be a more precise method to describe subtle changes
in oxygenation and ventilation.

Table 2. Body Mass Index, Body Fat Distribution, and Patient Position Versus Functional Residual Capacity

No. Subjects Supine 30° Fowler’s Sitting P*

FRC (mean � SD L)
Entire cohort 32 1.65 � 0.43 1.69 � 0.45 2.13 � 0.56 �.001
BMI 25–29.9 kg/m2 9 1.92 � 0.49 1.98 � 0.54 2.52 � 0.63 .002
BMI 30–39.9 kg/m2 23 1.55 � 0.37 1.57 � 0.36 1.98 � 0.45 �.001
Waist-to-hip ratio � 0.95 19 1.67 � 0.45 1.72 � 0.51 2.15 � 0.63 �.001
Waist-to-hip ratio � 0.95 13 1.64 � 0.43 1.64 � 0.37 2.10 � 0.45 �.001

Ratio of closing capacity to FRC (mean � SD) 7 1.30 � 0.09 1.33 � 0.15 1.06 � 0.09 .005
SpO2

(%) 32 96.9 96.4 97.3 .001†

*For sitting vs supine and 30° Fowler’s.
†For 30° Fowlers vs supine and sitting.
FRC � functional residual capacity
BMI � body mass index
SpO2 � oxygen saturation measured via pulse oximetry

Table 3. Ratio of Closing Capacity to FRC in 7 of the Subjects

Sex
BMI

(kg/m2)
Waist-to-Hip

Ratio

Ratio of Closing Capacity
to FRC

Supine
30°

Fowler’s Sitting

M 27.0 0.93 1.32 1.15 0.90
M 28.9 0.98 1.45 1.47 1.05
F 31.0 0.85 1.22 1.16 1.10
M 34.2 0.88 1.33 1.34 1.05
F 34.9 0.85 1.17 1.34 1.11
F 36.0 0.90 1.34 1.54 1.20
F 39.9 0.81 1.25 1.30 0.99

BMI � body mass index
FRC � functional residual capacity
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Conceptually, all gas-dilution techniques underestimate
lung volume to some degree; they are somewhat limiting
in the context of airway obstruction and small-airways
closure. Body plethysmography accounts for trapped, or
noncommunicating, gases; however, it was not a feasible
choice for this study because of the positional interven-
tions. In addition, the intent of the study was to measure
communicating lung volumes. It has been speculated that
one reason for the decrease in FRC that occurs from a
sitting to a supine posture may be small-airway closure in
the dependent lung regions. Once those airways are closed,
they are no longer available as a reservoir for inhaled
gases and contribute little to physiologic gas exchange.
This research specifically targeted the change in functional
lung volume during positioning: that is, the volume reser-
voir that serves the subject physiologically. Measurement
of noncommunicating lung volume in this context might
have confounded the findings.

This pilot study was performed with healthy subjects;
the effect of a partial Fowler’s position on FRC and clos-
ing capacity in patients with acute or chronic cardiac or
pulmonary disease is not known. In addition, the effect of
a partial sitting posture on FRC in medically sedated or
post-anesthesia patients is not known. Both the physio-
logic and pathophysiologic effects of the above conditions
on resting lung volumes deserve further study. Therefore,
these results cannot be generalized to awake postoperative,
critically ill, medically sedated or anesthetized patients.

Conclusion

Obesity has well documented effects on lung function:
in particular, it reduces FRC and respiratory-system com-
pliance.17,18 Increased fat in the chest wall and abdomen
alters respiratory excursion and decreases lung volume:
effects that are exaggerated when the morbidly obese per-
son lies supine.19 More recent research has demonstrated
that even overweight and mild obesity engender decreased
resting lung volumes.20 Our study duplicated these find-
ings, demonstrating not only that increases in BMI are
negatively associated with FRC and ERV in erect subjects,
but also that the substantial fall in resting lung volume that
occurs while supine does not improve when the head of
the bed is elevated to 30° in overweight and mildly to
moderately obese healthy subjects. Many critically ill pa-
tients have a body mass and fat distribution within the
ranges tested here. Based on our results in healthy sub-

jects, further research on hospitalized and sedentary pa-
tients in these BMI ranges is warranted.

REFERENCES

1. Levitzky M. Pulmonary physiology, volume 6. New York: McGraw-
Hill; 2003.

2. Lumb AB. Nunn’s applied respiratory physiology, volume 6. Ox-
ford: Elsevier Butterworth Heineman; 2005.

3. Bae J, Ting EY, Giuffrida JG. The effect of changes in the body
position obese patients on pulmonary volume and ventilatory func-
tion. Bull N Y Acad Med 1976;52(7):830-837.

4. Yap J, Watson RA, Gilbey S, Pride NB. Effects of posture on re-
spiratory mechanics in obesity. J Appl Physiol 1995;79(4):1199-
1205.

5. Ogden C, Carroll M, Curtin L, McDowell M, Tabak C, Flegal K.
Prevalence of overweight obesity in the United States, 1999-2004.
JAMA 2006;295(13):1549-1555.

6. Flancbaum L, Choban P. Surgical Implications of Obesity. Annu
Rev Med1998;49:215-234.

7. Tucker D, Seiker H. The effect of change in body position on lung
volumes and intrapulmonary gas mixing in patients with obesity,
heart failure, and emphysema. Am Rev Respir Dis 1960;82:787-791.

8. NHLBI. Cardiovascular health study: anthropometry. Washington
DC: NHLBI; 2000.

9. AARC clinical practice guideline: static lung volume: 2001. Respir
Care 2001;46(5):531-539.

10. Wanger J, Clausen JL, Coates A, Pedersen OF, Brusasco V, Burgos
F, et al. Standardisation of the measurement of lung volumes. Eur
Respir J 2005;26(3):511-522.

11. Seidell J. Prevalence and time trends of obesity in Europe. J Endo-
crin Invest 2002;25(10):816-822.

12. Collins LC, Hoberty PD, Walker JF, Fletcher EC, Peiris AN. The
effect of body fat distribution on pulmonary function tests. Chest
1995;107(5):1298-1302.

13. Lazarus R, Sparrow D, Weiss ST. Effects of obesity and fat distri-
bution on ventilatory function: the normative aging study. Chest
1997;111(4):891-898.

14. Juno J, Marsh HM, Knopp TJ, Rehder K. Closing capacity in awake
and anesthetized-paralyzed man. J Appl Physiol 1978;44(2):238-
244.

15. Santesson J. Influence of lung volume history on closing volume
measurement during anaesthesia. Acta Anaesthesiol Scand 1978;
22(4):467-470.

16. Hedenstierna G, McCarthy G, Bergstrom M. Airway closure during
mechanical ventilation. Anesthesiology 1976;44(2):114-123.

17. Marik P, Varon J. The obese patient in the ICU. Chest 1998;113(2):
492-498.

18. Michels A, Decoster K, Derde L, Vleurinck C, Van de Woestijne K.
Influence of posture on lung volumes and impedance of respiratory
system in healthy smokers and nonsmokers. J Appl Physiol 1991;
71(1):294-299.

19. Damia G, Mascheroni D, Croci M, Tarenzi L. Perioperative changes
in functional residual capacity in morbidly obese patients. Br J An-
aesth 1988;60(5):574-578.

20. Jones RL, Nzekwu MM. The effects of body mass index on lung
volumes. Chest 2006;130(3):827-833.

BODY POSITION AND LUNG VOLUME IN OVERWEIGHT AND OBESE SUBJECTS

338 RESPIRATORY CARE • MARCH 2009 VOL 54 NO 3



BODY POSITION AND LUNG VOLUME IN OVERWEIGHT AND OBESE SUBJECTS

RESPIRATORY CARE • MARCH 2009 VOL 54 NO 3 339


