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Introduction
Obesity is a very common health problem in domestic 
cats. Obesity is defined as a pathological condition in 
which an excessive amount of adipose tissue is depos-
ited, which can be either due to cellular hypertrophy 
(enlargement of cell size) or hyperplasia (increase in the 
number of cells). In humans, hypertrophy of adipocytes 
causes alteration in the production of adipokines, lead-
ing to chronic low-grade inflammation. Adipose tissue 
secretes several substances, including steroid hormones, 
growth factors and cytokines, eicosanoids, and so on.1–4 
In contrast, hyperplasia has been shown to exert a pro-
tective effect against obesity-related disorders, in partic-
ular insulin resistance.5

Obesity is recognised as an important risk factor for 
the development of several respiratory dysfunctions. 
Obesity impacts on respiratory physiology producing 
alterations in respiratory mechanics, reducing respira-
tory system compliance, muscle strength, maximal 
inspiratory and expiratory pressures, maximum volun-
tary ventilation and lung volumes (forced vital capacity, 
expiratory reserve volume, forced residual capacity and 

total lung capacity). As a consequence, the work and 
oxygen cost of breathing are usually increased.6

It has been described that feline obesity prevalence 
varies between 19% (New Zealand)7 and 52% (UK).8 
Epidemiological studies have identified several risk  
factors for the development of obesity, which vary 
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Abstract
Obesity is a risk factor in the development of several respiratory diseases. Lung volumes tend to be decreased, 
especially expiratory reserve volume, increasing expiratory flow limitation during tidal breathing. Barometric whole-
body plethysmography is a non-invasive pulmonary function test that allows a dynamic study of breathing patterns. 
The objective of this study was to compare pulmonary function variables between obese and non-obese cats 
through the use of barometric whole-body plethysmography. Nine normal-weight and six obese cats were placed in 
the plethysmograph chamber, and different respiratory variables were measured. There was a significant decrease 
in tidal volume per kilogram (P = 0.003), minute volume per kilogram (P = 0.001) and peak inspiratory and expiratory 
flows per kilogram (P = 0.001) in obese cats compared with non-obese cats. Obesity failed to demonstrate a 
significant increase in bronchoconstriction index variable enhanced pause (Penh) as previously reported in humans 
and dogs. The results show that feline obesity impairs pulmonary function in cats, although a significant increase 
in bronchoconstriction indexes was not observed. Non-invasive barometric whole-body plethysmography can help 
characterise mechanical dysfunction of the airways in obese cats.
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according to local feeding and housing practices across 
the world.9,10

In human medicine, pulmonary function tests (PFTs) 
are widely used to characterise lung function11 as well as 
response to therapy objectively. PFTs have been used in 
dogs and cats. However, these tests can be challenging, 
as most PFTs for people require voluntary maximal res-
piratory effort, which is not possible in animals.12–18 
Barometric whole-body plethysmography (BWBP) is a 
non-invasive PFT that allows a dynamic study of breath-
ing in dogs and cats.19–22

To the authors’ knowledge, there are no previous 
studies describing how obesity affects lung mechanics 
and function in cats. Therefore, the aims of this study 
were to evaluate pulmonary function variables in obese 
and non-obese cats by using BWBP, and to compare the 
results between both groups.

Materials and methods
Procedure
Cats included in the present study were recruited from 
the Hospital Veterinari Molins (Barcelona, Spain) from 
January 2011 to December 2012. All patients were client-
owned cats, and none of them had a previous history of 
upper airway, cardiac or endocrine diseases. Additional 
inclusion criteria were having been dewormed within 
the 3 months prior to the study, no exposure to passive 
smoke inhalation, and negative results for feline leukae-
mia virus, feline immunodeficiency virus and heart-
worm. The animals studied presented normal 
cardiopulmonary auscultation and physical examina-
tion except for the weight status. Radiological evaluation 
of the thorax was normal in all cases. The body condition 
score (BCS) was determined using a nine-point scale.23 
Cats were considered to be of normal weight when pre-
senting a BCS of 4/9 and 5/9, and were considered obese 
when the BCS was 7/9, 8/9 and 9/9.

The study was approved by the ethical committee of 
Veterinary Medicine Service of Las Palmas de Gran 
Canaria University (Spain), and it was carried out in 
accordance with the current European legislation on ani-
mal protection. The owners provided informed consent 
for their cats’ enrolment.

Animals
Nine normal-weight cats were included in this study 
(three males and six females), ranging from 2–12.5 years 
of age with a mean age of 6.08 years. Breed distribution 
was: European domestic shorthair (n = 7), Persian (n = 1) 
and Siamese (n = 1). All were indoor and sexually intact 
cats. Three (33.3%) presented a BCS of 4/9; the other six 
cats (66.6%) had a BCS of 5/9. Body weight (BW) ranged 
from 3–4 kg (mean ± SD: 3.44 ± 0.46 kg).

Six obese cats were included in the present study. 
Obesity was chronic (>12 months). Four were males and 

two were females, ranging from 4.2–14 years of age with 
a mean age of 9.05 years. Five cats were European 
domestic shorthairs and one was Siamese. All cats were 
indoor and sexually intact. Four cats (66.6%) had a BCS 
of 8/9; the other two (33.3%) presented a BCS of 9/9. BW 
ranged from 6.5–9.2 kg (mean ± SD: 7.30 ± 1.04 kg).

Barometric whole-body plethysmography
BWBP was performed by placing the cats in a transparent 
Plexiglass chamber (Unrestrained WBP plethysmograph 
PLY4219; Buxco Europe Ltd), with dimensions of 25 cm 
(h) × 51 cm (l) × 30 cm (w) (Figure 1). The chamber was 
ventilated with a continuous bias air flow (Buxco BFL0250) 
at 10 l/min. A MAX2275 card was used, which incorpo-
rated a calibration signal as well as the external gain. The 
process of calibration assigns appropriate units to the sig-
nals coming from the transducers, and should be con-
ducted after the computer and electronics have been 
turned on and before recording data. Gain will fine-tune 
the sensitivity of the signal. The plethysmograph was con-
nected to a preamplifier, and commercial software was 
used for analysis (Biosystem XA v2.10.1; Buxco Europe 
Ltd). The box pressure signal from the plethysmograph 
was calibrated before each recording by injecting 50 ml of 
air into the chamber with a calibrated syringe. The tem-
perature and humidity of the room where the procedure 
was carried out were held constant at 20–23ºC and 60–65% 
humidity. Cats were acclimatised to the chamber for 
5 mins, after which data recordings were taken over a 
period of 12 mins. The values were averaged.

Pressure signals were recorded to obtain values in order 
to study the following pulmonary function variables: res-
piratory rate (RR [rpm]), tidal volume (TV [ml/kg]), min-
ute volume (MV [ml/kg]), inspiratory (Ti [s]) and expiratory 
(Te [s]) intervals, Ti/Te ratio, bronchoconstriction index 
enhanced pause (Penh) and peak inspiratory and expira-
tory flows (PIF and PEF [ml/s]).

Waveforms with artefacts from sniffing or movement 
were automatically eliminated using the software if TV 
was <3 ml, Ti <0.1 s, Te >10 s or when there was a differ-
ence in inspiratory and expiratory volume of >60%. Cats 
were continuously monitored for signs of stress.

In order to standardise TV, MV, PIF and PEF according 
to BW, these parameters were divided by BW and called 
TV/BW, MV/BW, PIF/BW and PEF/BW, respectively.

Statistical study
Data are expressed as mean  ± SD. Comparisons were 
performed by the non-parametric Mann-Whitney U-test 
and Fisher’s exact test. A P <0.05 was considered statisti-
cally significant. The statistical software SPSS v19.0 was 
used for this statistical study.

Results
Statistically significant differences were observed in TV/BW 
(P = 0.003), MV/BW (P = 0.001), PIF/BW (P = 0.001) and  

 at CORNELL UNIV on November 10, 2014jfm.sagepub.comDownloaded from 

http://jfm.sagepub.com/


García-Guasch et al 3

Ta
b

le
 1

 M
ea

ns
 a

nd
 S

D
 o

f a
na

ly
se

d 
ba

ro
m

et
ric

 w
ho

le
-b

od
y 

pl
et

hy
sm

og
ra

ph
y 

va
ria

bl
es

 a
nd

 in
te

rg
ro

up
 P

 v
al

ue
s 

be
tw

ee
n 

ob
es

e 
an

d 
no

n-
ob

es
e 

ca
ts

C
at

s
R

R
 (r

pm
)

TV
/B

W
 (m

l/k
g)

M
V/

B
W

 (m
l/k

g)
Ti

 (s
)

Te
 (s

)
Ti

/T
e

Pe
nh

PI
F/

B
W

  
(m

l/s
 k

g)
PE

F/
B

W
  

(m
l/s

 k
g)

N
on

-o
be

se
 

(n
 =

 9
)

59
.0

74
 ±

 1
9.

33
7

10
.3

78
 ±

 3
.9

31
50

8.
58

6 
±

 9
2.

01
6

0.
49

8 
±

 0
.1

22
0.

78
4 

±
 0

.3
30

0.
68

1 
±

 0
.1

43
0.

38
9 

±
 0

.1
27

31
.4

6 
±

 5
.3

96
21

.6
16

 ±
 4

.2
10

O
be

se
 

(n
 =

 6
)

47
.0

26
 ±

 2
5.

57
 4

.7
75

 ±
 1

.3
09

19
2.

06
1 

±
 4

7.
71

8
0.

59
2 

±
 0

.1
93

1.
02

2 
±

 0
.4

82
0.

60
7 

±
 0

.0
86

0.
46

0 
±

 0
.0

82
12

.4
95

 ±
 2

.9
78

 7
.5

04
 ±

 1
.9

63

 
P 

=
 0

.1
95

P
 =

 0
.0

03
P

 =
 0

.0
01

P 
=

 0
.2

39
P 

=
 0

.4
09

P 
=

 0
.2

39
P 

=
 0

.3
46

P
 =

 0
.0

01
P

 =
 0

.0
01

R
R

 =
 re

sp
ira

to
ry

 ra
te

; T
i a

nd
 T

e 
=

 in
sp

ira
to

ry
 a

nd
 e

xp
ira

to
ry

 ti
m

es
; T

V/
B

W
 =

 ti
da

l v
ol

um
e 

pe
r k

ilo
gr

am
; M

V/
B

W
 =

 m
in

ut
e 

ve
nt

ila
tio

n 
pe

r k
ilo

gr
am

; P
IF

/B
W

 =
 p

ea
k 

in
sp

ira
to

ry
 fl

ow
 p

er
 k

ilo
gr

am
;  

PE
F/

B
W

 =
 p

ea
k 

ex
pi

ra
to

ry
 fl

ow
 p

er
 k

ilo
gr

am
; P

en
h 

=
 e

nh
an

ce
d 

pa
us

e
St

at
is

tic
al

ly
 s

ig
ni

fic
an

t d
iff

er
en

ce
s 

(P
 <

0.
05

) a
re

 s
ho

w
n 

in
 b

ol
d

PEF/BW (P = 0.001) comparing obese and non-obese cats. 
There were no significant differences for RR, Te and Ti inter-
vals, Ti/Te ratio and Penh between both groups of cats. The 
results are summarised in Table 1. There were no statistically 
significant differences in all lung function variables in gen-
der distribution between groups (P = 0.315) or in age distri-
bution between both groups (P = 0.125). 

Discussion
It has been observed that obesity reduces pulmonary 
and total chest compliance24 and has effects on respira-
tory function due to an excess of abdominal and thoracic 
fat, which increase intra-abdominal pressure. Obesity is 
characterised by a restrictive pattern of lung function, 
associated with reductions in vital capacity, functional 
residual capacity and total lung capacity.6,24 This fact 
could increase the stiffness of the respiratory system and 
reduce lung volumes.

Obese people breathe at low lung volumes; their 
expiratory flow is very close to the maximal limit. The 
difficulty in the expiratory flow leads to incomplete 
expirations resulting in dynamic hyperinflation. In this 
setting, inspiratory muscles have to work at shorter 
length, increasing the sense of respiratory effort.6,25

TV is the volume of air displaced during breathing at 
rest and results from the MV divided by the RR. In this 
study, TV is estimated between 10 and 20 ml of inspired 
air per kilogram of BW in normal-weight cats. Other 
authors have evidenced similar values in healthy cats.21,26 
Although the TV value obtained in the present study is 
higher than those reported by other authors,27 these dif-
ferences could be due to the fact that the animals from 
our study were made up of a heterogeneous group of 
client-owned cats comprising several breeds, ages and 
feeding patterns, while the other cited studies were 
designed using laboratory cats kept under experimental 
conditions, with identical feeding and handling 
procedures.

In the present study, TV/BW is decreased in obese 
cats compared with normal-weight cats. It is important 
to emphasise that TV results were indexed to BW in 
order to avoid the influence of the patient size. This 
ensures that the results are not influenced by the size of 
the animal (ie, small vs large cats) and only the body 
condition (obesity) is being evaluated. This result is in 
agreement with previous studies, both in dogs28 and 
humans,29 although this decrease had not been observed 
in all obese individuals. It is possible that this result may 
be due to the fact that the adipose tissue accumulated in 
the thorax reduced pulmonary and total chest 
compliances.

By contrast, the results of the present study do not 
support the increase in RR observed in other studies per-
formed in dogs to compensate for the reduced TV.28 Cats 
included in the study did not show signs of stress during 
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data recordings, but this must be considered with cau-
tion, since normal-weight and obese cats in the Plexiglass 
chamber might show a different RR compared with cats 
outside the Plexiglass chamber of BWBP. More studies 
should be performed to confirm this assertion.

MV is the result of TV multiplied by RR. Our results evi-
dence that MV is significantly decreased following TV 
reduction because of the absence of increase in RR. An 
increase in MV in obese women associated with both a 
reduced Te and a tendency to increase breathing fre-
quency30 has been described. There are different mecha-
nisms by which excessive body fat might influence 
ventilatory function. These include mechanical effects on 
the diaphragm and on the chest wall.31 The ventilatory def-
icits in the case of obesity could be due to compromised 
muscle strength or efficiency as a consequence of reduced 
chest wall and lung compliances.32 It has been observed in 
humans that excess body fat alters respiratory control by 
blunting the central hypoxic ventilatory drive.33 Similar 
mechanisms could explain this finding in obese cats.

With respect to Ti and Te, the results are in agreement 
with some studies.13,34 In healthy cats, there is a relation-
ship between the Te and the Ti of approximately 1.0 ± 0.15 s, 
the Te being higher since inhalation is an active mecha-
nism generated by the contraction of the thoracic muscles 
and diaphragm, whereas the exhalation is a passive mech-
anism generated by the elastic forces of the lung and the 
pressure exerted by the abdominal structures over the dia-
phragm.14,35 In the cats in our study, statistically significant 
differences were not detected in Te and Ti between obese 
and non-obese cats. This could be explained by the fact 
that the majority of the obese cats presented slight or mod-
erate clinical signs associated with obesity.

Limitations in expiratory flow that lead to incomplete 
expirations resulting in dynamic hyperinflation25 have 

been described in obese humans. Other studies show a 
significant decrease in Ti without changes in Te or mean 
inspiratory flow.36 Due to a decrease in total respiratory 
compliance, it is possible to find an increase in expira-
tory flow rate.29

Both PIF and PEF values are significantly reduced in 
obese cats. Obesity is a risk factor for dyspnoea but not 
for airflow obstruction.37 In dogs, obesity seems to cause 
airflow limitation during the expiratory phase of breath-
ing, but this has only been evidenced during hyper-
pnoea. This suggests that flow limitation is dynamic and 
likely to occur in the distal (rather than proximal) por-
tions of the airways. Further studies are warranted to 
localise the flow-limited segment and to understand 
whether obesity is linked to exercise intolerance via air-
way dysfunction in dogs.17 This expiratory limitation 
could be explained similarly in obese cats.

The Penh variable assesses the degree of resistance to 
the air flow in the airways. Penh value seems to be a 
valid indicator of bronchoconstriction.38 Age-related 
variations in reference values of BWBP have been 
reported for Penh and TV.19 Despite the fact that other 
reports are in disagreement,39 we have included the 
results of the statistical study comparing gender and age 
between both groups of animals demonstrating that 
there are no significant differences in lung function vari-
ables between obese and non-obese cats. In humans, 
there seems to be a relationship between obesity and 
bronchoreactivity. However, obesity is not associated 
with airway obstruction or airway hyperreactivity.25 
Moreover, in humans, differences between genders have 
been described.30

An inflammatory element has also been proposed as 
responsible for some of the respiratory alterations in 
overweight and obese individuals.40 Fat tissue produces 
a plethora of inflammatory mediators such as leptin, low 
levels of adiponectin, C-reactive protein, interleukin-6 
and tumour necrosis factor-α, that can potentially 
increase airway responsiveness.28,41,42 These inflamma-
tory mediators should be studied in obese cats in order 
to evaluate their role in respiratory alterations observed 
in obese cats.

Conclusions
This study provides evidence that obesity in cats impairs 
BWBP measurement by decreasing TV/BW, MV/BW, 
PIF/BW and PEF/BW. This could reflect some grade of 
impairment in pulmonary function. Nevertheless, the 
study fails to demonstrate a significant increase in the 
Penh baseline value in obese cats, as previously reported 
in humans and dogs. It has been demonstrated that non-
invasive BWBP can help to characterise mechanical dys-
function of the airways in obese cats.

However, due to the limited number of animals that 
were enrolled in this study, individual variability in 

Figure 1 Obese cat placed in the barometric whole-body 
plethysmography chamber. The cat is very tolerant and 
seems to be very comfortable during testing
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breathing pattern should be taken into consideration. In 
the authors’ opinion, further studies with a larger num-
ber of patients to obtain correlations between the pulmo-
nary function variables of obese cats are necessary. 
Likewise, a correlation between the respiratory findings 
and pulmonary histopathological studies are necessary, 
since this could be helpful in defining the nature of the 
lesions responsible for lung mechanics alterations. Also, 
it would be interesting to carry out further studies inves-
tigating the usefulness of BWBP as a short- and long-
term therapeutic monitoring approach.
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