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ABSTRACT

Introduction: Obesity results in progressive changes in lung 
function, causing a reduction in thoracic compliance, lung 
volumes and capacities. The aim of this study was to evaluate 
the influence of excess body weight on spirometry in three 
different recumbent body positions, evaluated by Body Mass 
Index. 
Material and Methods: 107 sedentary volunteers were 
distributed into three groups, based on BMI. Spirometry was 
performed in three different body positions- horizontal dorsal 
decubitus (0 degree), crook lying and 45 degree Fowler’s 
positions. 
Results: The present study found that the FVC and FEV1 
values were significantly lower in HDD compared with the 
crook lying and Fowler’s positions in all three groups. The 
results also show that the spirometric values are slightly lower 
among obese comparing to overweight. 
Conclusion: This study has shown a significant postural 
change in lung volume and flow rates for all three groups. 
Thus, it is important to evaluate those obese who remain bed 
restricted for long periods of time, trying to maintain them 
more upright body position.
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INTRODUCTION
Pulmonary function tests play a significant role in the 
assessment, diagnosis, quantification of the pulmonary 
ventilatory disorders, and treatment course.1 Pulmonary 
function is known to change with age, gender, race, ethnicity 
and body mass index of the subject.2 Spirometry is invaluable 
as a screening test of general respiratory health. Spirometry 
is more commonly performed in the sitting position until the 
subject is unable to do so. Different recumbent body position 
can also significantly change the spirometric values. 
Obesity is a metabolic disorder characterized by an excessive 
accumulation of body fat. Obesity results in progressive 
changes in pulmonary function, causing a reduction in 
thoracic compliance, lung volumes and lung capacities, 
especially in functional residual capacity and expiratory 
reserve volume.3-6 Total resistance of the respiratory system 
increases when obese patients change from the upright position 
to the supine position.7 It is believed that obesity generates 
pulmonary restriction due to decreased diaphragmatic 
excursion by increased abdominal fat or weight on the chest 
wall, leading to a reduction in lung volume as compared to 
the values predicted.8 However, there is still no definition 
about the behavior of the respiratory system of obese people 
in different body positions. Comparing obese and normal-

weight subjects in the sitting and supine position, Yap et al.7 
observed in the sitting position, reduced forced vital capacity 
(FVC), forced expiratory volume in first second (FEV1), total 
lung capacity (TLC) and functional residual capacity (FRC) 
in obese, while in the supine position, an increase in total 
respiratory resistance. Gudmundsson et al.9 demonstrated 
that in obese individuals the FVC is greater in the supine 
compared to the sitting position while FEV1 did not show 
any differences between the sitting and supine position. 
Thus, knowledge of the physiological effects of different 
body positions on pulmonary function in obese individual is 
essential to guide the physical therapy procedures, including 
spirometry in clinical practice. The Aim of this study was 
to evaluate the influence of BMI on spirometry, in three 
different body positions 450 Fowler’s position, crook lying 
and horizontal dorsal decubitus (00).

MATERIAL AND METHODS
A total of 107 university students (69 males and 38 females) 
from the King George’s Medical University, Lucknow, aged 
between 18-35yr, BMI 18.5-28.8 kg/m2 were selected for this 
cross-sectional study. Subjects having a history of smoking, 
any known cardio-respiratory disease or insufficiency, 
hemoptysis of unknown origin, any surgery/injury to the 
thorax or abdomen were excluded. The volunteers signed 
informed consent for participation in this study. The study 
was approved by the Research Ethics Committee of the 
University. 
Subjects were divided into three groups according to body 
mass index (BMI), based on the South-East Asia classification. 
The groups showed the following characteristics: group 1 
(normal weight) BMI = 18.5- 22.9 kg/m2 (67 volunteers); 
group 2 (Overweight) BMI = 23 - 24.9 kg/m2 (22 volunteers) 
; group 3 (obese) BMI ≥ 25 kg/m2 (18 volunteers). They were 
evaluated for FVC and FEV1. Spirometric measurement was 
performed according to the American Thoracic Society/
European Respiratory Society guidelines10 using PC-based 
spirometer (ndd medical technologies, Two Dundee Park, 

1Senior Resident, Department of Physiology, 2Professor, Department 
of Physiology, 3Additional Professor, Department of Physiology, 
King George’s Medical University, Lucknow, India

Corresponding author: Dr. Arvind Kumar Pal, Department of 
Physiology, King George’s Medical University, Lucknow, India

How to cite this article: Arvind Kumar Pal, Sunita Tiwari, Dileep 
Kumar Verma. Spirometric measurements of obese and non-obese 
subjects in recumbent body positions. International Journal of 
Contemporary Medical Research 2018;5(6):F1-F3.

DOI: http://dx.doi.org/10.21276/ijcmr.2018.5.6.13



Pal, et al.	 Spirometric Measurements of Obese and Non-Obese Subjects
Se

ct
io

n:
 P

hy
si

ol
og

y

International Journal of Contemporary Medical Research  
Volume 5 | Issue 6 | June 2018   | ICV: 77.83 |	 ISSN (Online): 2393-915X; (Print): 2454-7379

F2

Andover, MA, USA). The three positions used in the present 
study were horizontal dorsal decubitus (00), crook lying, 
and 450 Fowler’s positions. The sequence of positions was 
randomized by a random number table. Later, subjects were 
placed in selected body position and needed to perform a 
maximal inspiration to total lung capacity (TLC) followed by 
a maximal expiration. The spirometric value adopted in each 
position was the highest value among three measurements 
with the difference between the largest and the next largest 
FVC and FEV1 of acceptance tests should be ≤ 200ml. All 
values obtained were corrected and expressed in BTPS 
conditions. 
The Kolmogorov-Smirnov test evaluated all variables in 
this study regarding the normalcy of distribution. Mean and 
standard deviation was used to represent the spirometric data 
obtained in body positions analyzed. Repeated measures 
Analysis of Variance (ANOVA) with post hoc Bonferroni 
test was used to compare the mean values between each 
body position, considering significant whenever p < 0.05. All 
statistical analyses were performed using SPSS version 23.0. 

RESULTS
Demographic features of subject from groups 1 to 3 are 
described in Table 1. The results of FVC and FEV1 values 
obtained in the horizontal dorsal decubitus (00), crook lying, 
and 450 Fowler’s positions for all groups are shown in Table 
2. The present study found that the FVC and FEV1 values 
were significantly lower in the horizontal dorsal decubitus 
(00) compared with the crook lying and Fowler’s positions in 
all three groups. The analysis of the spirometric results, also 
shows that the values of FVC and FEV1 it is slightly higher 
among overweight individual (BMI 23-24.9) comparing to 
normal weight and obese. 

DISCUSSION
The present study found that the FVC and FEV1 values were 

lower in the horizontal dorsal decubitus (00) compared with 
the crook lying and Fowler’s positions in all three groups. 
Our study demonstrates that the obese individual, similar to 
normal weight, loses some 9% of their FVC and FEV1 values 
when they adopt the lying posture. The finding confirms 
the results of Domingos-Benício et al.11 which reported a 
statistically significant reduction in FVC, FEV1, and FEV1/
FVC ratio in dorsal decubitus in relation to the sitting 
position. This may be occurring due to decreased dynamic 
lung compliance and increased airway resistance caused by 
increase intrapulmonary blood flow in this position.12,13 In 
horizontal dorsal decubitus (00), the reduction of pharyngeal 
diameter occurs, which increases the upper airway resistance. 
The cephalic displacement of the diaphragm due to increased 
abdominal pressure results in reduced lung volume at rest in 
this position.13 In HDD position, anterio- posterior diameter 
of the chest wall is also limited. 
This study also evaluates the pulmonary function, through 
spirometry, of obese people, in different degrees of obesity. 
When comparing the values of FVC and FEV1 it shows 
highest value among overweight (BMI 23-24.9) compared to 
normal-weight and obese subjects. It is may be due to them 
have longterm obesity and developed adaptive mechanisms 
against the overload imposed by adipose tissue and, 
therefore, do not present significant reductions in spirometric 
values. Our results are in agreement with Ladosky et al.14 
when comparing normal weight and obese patients reported 
reduction in FVC and FEV1 proportional to the increment in 
BMI. Lazarus et al.15 reported an inverse relationship between 
FVC and BMI; a direct relationship between FEV1/ FVC and 
BMI; and found no correlation between FEV1 and BMI. In 
contrast, Sarikaya et al.4, who compared spirometries with 
non-obese patients and grades I, II, and III obese patients in 
the sitting position, higher values in the group of grade III 
obesity (BMI >40 kg/m2; 86%) were observed, with mean 

Study Subject (n) 107
Male (n%) 69(64.5%)
Female (n%) 38(35.5%)
Age (mean ± SD yr) 20.21±2.79
Height (mean ± SD cm) 167.08±10.13
Weight (mean ± SD kg) 62.46±9.98
BMI (mean ± SD kg/m2) 22.27±2.61
Overweight (n%) 22(20%)
Mild to Moderate Obese (n%) 18(17%)

Table-1: Demographic data of subjects

Variables BMI (kg/m2) No. Subjects HDD (00) 
position

Crook lying 
position

45° Fowler’s 
position

p-value1

FVC (L) Normal weight (18.5-22.9) 67 2.97±0.64 3.10±0.64 3.20±0.66 0.001*
Overweight (23-24.9) 22 3.31±0.82 3.50±0.86 3.63±0.88 0.001*
Obese(≥25) 18 3.18±0.70 3.34±0.70 3.42±0.74 0.002*

FEV1 (L) Normal weight (18.5-22.9) 67 2.48±0.52 2.60±0.53 2.70±0.52 0.001*
Overweight (23-24.9) 22 2.66±0.58 2.80±0.62 2.93±0.67 0.001*
Obese(≥25) 18 2.59±0.50 2.77±0.51 2.86±0.53 0.007*

1 ANOVA * Significant difference (p < 0.05) HDD- horizontal dorsal decubitus (00)
Table-2: Evaluation of FVC and FEV1 between different recumbent body positions in normal-weight, overweight and obese subjects
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FVC of 108.26%. Rubinstein et al.16 claim that there is a 
correlation between BMI and lung function, except for the 
FEV1 / FVC. Gilbert et al.17 and Kelly et al.18, also showed 
that there were no changes in FVC, FEV1, FEV1/FVC and 
FEF2575% when studying obese individuals. 
The present study demonstrated that, the body position has 
an effect on various spirometric parameters in all subjects. 
It reveals an important connection between posture and 
pulmonary function that could increase the quality of life 
in many individuals. This has practical implications, note 
that obese patients have difficulties in maintaining the semi-
sitting position in the postoperative period. Even at 450 
inclinations, very often they slide into the bed, resulting in a 
lower inclination, which potentially hinders their respiratory 
pattern. Thus, it is important to evaluate obese patients in 
the immediate postoperative period, trying to maintain them 
more elevated than 450. 

CONCLUSION
This study has shown a significant postural change in 
lung volume and flow rates for both normal individuals as 
well as obese individuals. The results suggest that there is 
difference between FVC and FEV1 in normal weight and 
obese individuals and that there is a reduction in FVC and 
FEV1 in the supine position for both normal individuals and 
for obese individuals. This has serious clinical implications 
needing special attention for those obese who remain bed 
restricted for long periods of time.

REFERENCES
1.	 Gibson J, Whitelaw W, Siafakas N. Tests of overall 

respiratory function. Am J Respir Crit Care Med. 
2002;166:521-26. 

2.	 Golshan M, Nematbakhsh M, Amra B, Crapo RO. 
Spirometric reference values in a large Middle Eastern 
population. Eur Respir J 2003;22:529–34. 

3.	 Hamoui N, Anthone G, Crookes PF. The value of 
pulmonary function testing prior to bariatric surgery. 
Obes Surg. 2006;16:1570-73.

4.	 Sarikaya S, Cimen OB, Gokcay Y, Erdem R. Pulmonary 
function tests, respiratory muscle strength, and 
endurance of persons with obesity. Endocrinologist. 
2003;13:136-41.

5.	 Weiner P, Waizman J, Weiner M, Rabner M, Magadle 
R, Zamir D. Influence of excessive weight loss after 
gastroplasty for morbid obesity on respiratory muscle 
performance. Thorax. 1998;53:39-42.

6.	 Koenig SM. Pulmonary complications of obesity. Am J 
Med Sci, 2001;321:249-79.

7.	 Yap JCH, Watson RA, Gilbey S, Pride NB. Effects of 
posture on respiratory mechanics in obesity. J Appl 
Physiol 1995;79:1199-205.

8.	 Collins CL, Hoberty PD, Walker JF, Fletcher EC, Peiris 
AN. The effects of body fat distribution on pulmonary 
function tests. Chest 1995; 107: 1298302.

9.	 Gudmundsson G, Cerveny M, Shasby DM. Spirometric 
values in obese individuals. Effects of body position. 
Am J Respir Crit Care Med. 1997; 155:998-9. 

10.	 Miler MR, Hankinson J, Brusasco V, Burgo F, Casaburi 
R, Coates A, et al. ATS/ERS Task Force. Standardization 

of spirometry. Eur Respir J 2005; 26:319-38. 
11.	 Domingos-Benício NC, Gastaldi AC, Perecin JC, Avena 

KM, Guimaraes RC, Sologuren MJ et al. Spirometric 
values of obese and non-obese subjects on orthostatic, 
sitting and supine positions. Rev Assoc Med Bras. 
2004;50:142-7. 

12.	 Valenza F, Vagginelli F, Tiby A, Francesconi S, 
Ronzoni G, Guglielmi M et al. Effects of the beach 
chair position, positive end-expiratory pressure, and 
pneumoperitoneum on respiratory function in morbidly 
obese patients during anesthesia and paralysis. 
Anesthesiology.2007;107:725-32.

13.	 Behrakis PK, Baydur A, Jaeger MJ, Milic-Emili J. Lung 
mechanics in sitting and horizontal body positions. 
Chest. 1983; 83:643-646. 

14.	 Ladosky W, Botelho MAM, Albuquerque Jr JP. Chest 
mechanics in morbidly obese nonhypoventilated 
patients. Respir Med 2001; 94: 2816.

15.	 Lazarus R, Sparrow D, Weiss ST. Effects of obesity and 
fat distribution on ventilatory functionthe normative 
aging study. Chest 1997; 111: 8918.

16.	 Rubinstein I, Zamel N, Dubarry L, Hoffstein V. Airflow 
limitation in morbidly obese nonsmoking men. Ann 
Intern Med 1990; 112: 82832

17.	 Gilbert R, Siple JH, Auchincloss JH. Respiratory 
control and work of breathing in obese subjects. J Appl 
Physiol 1961, 16: 216. 

18.	 Kelly TM, Jensen RL, Elliott CG, Crapo RO. Maximun 
respiratory pressures in morbidly obese subjects. 
Respiration 1988; 54: 737.

Source of Support: Nil; Conflict of Interest: None

Submitted: 23-05-2018; Accepted: 25-06-2018; Published: 06-07-2018


