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ABSTRACT
Background There are limited data on the impact of
body mass index on outcomes in mechanically ventilated
patients.
Methods Secondary analysis of a cohort including 4698
patients mechanically ventilated. Patients were screened
daily for management of mechanical ventilation,
complications (acute respiratory distress syndrome,
sepsis, ventilator associated pneumonia, barotrauma),
organ failure (cardiovascular, respiratory, renal, hepatic,
haematological) and mortality in the intensive care unit.
To estimate the impact of body mass index on acute
respiratory distress syndrome and mortality, the authors
constructed models using generalised estimating
equations (GEE).
Results Patients were evaluated based on their body
mass index: 184 patients (3.7%) were underweight,
1995 patients (40%) normal weight, 1781 patients
(35.8%) overweight, 792 patients (15.9%) obese and
216 patients (4.3%) severely obese. Severely obese
patients were more likely to receive low tidal volume
based on actual body weight but high volumes based on
predicted body weight. In obese patients, the authors
observed a higher incidence of acute respiratory distress
syndrome and acute renal failure. After adjustment, the
body mass index was significantly associated with the
development of acute respiratory distress syndrome:
compared with normal weight; OR 1.69 (95% CI 1.07 to
2.69) for obese and OR 2.38 (95% CI 1.15 to 4.89) for
severely obese. There were no differences in outcomes
(duration of mechanical ventilation, length of stay and
mortality in intensive care unit and hospital) based on
body mass index categories.
Conclusions In this cohort, obese patients were more
likely to have significant complications but there were no
associations with increased mortality.

INTRODUCTION
Obesity is a global healthcare problem.1 In the
United States, 35% of the adult population was
recently designated as being overweight or obese.2
Although frequently analysed in the context of
chronic disease, the inﬂuence of obesity on acute
illness is less understood. The results of the few
studies that do address this question have been
pooled in three meta-analyses3e5 with differing
results. Akinussi et al3 reported that obesity (body
mass index $30 kg/m2 of body surface area) was
not associated with crude intensive care unit
mortality in comparison with patients with a body
mass index lower than 30 kg/m2 of body surface
area. Meanwhile, Oliveros et al4 found a lower

mortality for obese but not for morbidly obese
patients compared with those with normal weight.
Lastly, Hogue et al5 reported that obesity is not
associated with increased risk for intensive care
unit mortality, but it may be associated with lower
hospital mortality. Most of the studies included in
these meta-analyses included general populations
of patients admitted to the intensive care unit. The
data related speciﬁcally to the impact of obesity on
outcomes with mechanical ventilation is more
limited. Bercault et al6 conducted a matched cohort
study including 170 obese patients and 170 patients
with a normal body mass index and found that
obesity was signiﬁcantly associated with intensive
care unit mortality (OR 2.1; 95% CI 1.2 to 3.6).
Similarly, Frat et al7 compared 82 severely obese
patients with 124 non-obese patients, and reported
the only difference in morbidity of obese patients
who were mechanically ventilated was an increased
difﬁculty with tracheal intubation and a higher
frequency of post-extubation stridor. Obesity was
not associated either with increased intensive care
unit mortality or with hospital mortality. Two
studies8 9 limited to patients with acute lung
injury/acute respiratory distress syndrome showed
no association between obesity and mortality,
though the latter study9 showed an increase in the
duration of mechanical ventilation and length of
stay in obese patients. In contrast, O’Brien et al8
studied 1488 mechanically ventilated patients with
acute lung injury and found that lower body mass
index was associated with higher odds of death,
whereas overweight and obesity were associated
with lower mortality.
Given these discrepant data on outcomes of obese
mechanically ventilated patients, the main objective
of this study was to describe the inﬂuence of body
mass index on clinical outcomes in a large heterogeneous cohort of mechanically ventilated patients.

METHODS
Patients
This is a secondary analysis from a prospective,
multicentre, international cohort of 4968 adult
patients who received mechanical ventilation for
more than 12 h during a 1-month period beginning
1 April 2004 in 349 intensive care units (see online
appendix 1 for list of centres).10 All mechanically
ventilated patients admitted to the participating
ICUs during the study period were consecutively
enrolled. The study protocol was approved by local
Institutional Review Boards of all the participating
centres with a waiver for consent.
Thorax 2011;66:66e73. doi:10.1136/thx.2010.145086
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Influence of body mass index on outcome of the
mechanically ventilated patients

Mechanical ventilation

Table 1

failure was deﬁned as a sequential organ failure assessment
(SOFA) score higher than 2 points on at least two consecutive
days. Weaning refers to the discontinuation of mechanical
ventilation; the onset of weaning was deﬁned at the time the
patient had a change in ventilator mode that was consistent with
weaning modality and likely to be able to resume spontaneous
breathing. Patients were classiﬁed according to the weaning
process into three groups as follows: simple weaning groupdincluding patients who successfully passed the ﬁrst spontaneous breathing trial and were extubated on the ﬁrst attempt;
difﬁcult weaning groupdincluding patients who required up to
7 days from the ﬁrst spontaneous breathing trial to achieve
successful weaning; and prolonged weaning groupdincluding
patients who required more than 7 days of weaning after the ﬁrst
spontaneous breathing trial. The patients were prospectively
followed for outcomes until hospital discharge.

Statistical analysis
Data are expressed as mean (SD), median (IQR) and proportions
as appropriate. ANOVA with StudenteNewmaneKeuls posthoc comparison was used to compare continuous variables with
normal distribution and KruskaleWallis test was used to
compare continuous variables with non-normal distribution. c2
test was used to compare proportions. These analyses were
performed with SPSS (version 17.0) statistical software.
To estimate the impact of body mass index on mortality in
the intensive care unit, we used generalised estimating equations
(GEE) to deal with the possibility of clustering by centre. We
entered the following variables into the model: age, gender,
SAPS II, body mass index category as a dummy variable taking

Demographic characteristics of study patients

N (% (95% CI))
Age, years, mean (SD)
Body mass index,
kg/m2, mean (SD)
Female, N (% (95% CI))
SAPS II, points,
mean (SD)
Reason for mechanical
Chronic obstructive
pulmonary disease
Asthma
Chronic pulmonary
disease

Underweight
(BMI <18.5 kg/m2)

Normal
(BMI 18.5e24.9 kg/m2)

184 (3.7% (3.2 to 4.3))
55 (19)
17 (1)

1995 (40.1% (38.8 to 41.5)) 1781 (35.8% (34.5 to 37.2)) 792 (15.9%; (14.9 to 16.9)) 216 (4.3%; (3.8 to 4.9))
57 (19)
61 (17)
61 (14)
55 (14)
23 (2)
27 (1)
33 (3)
50 (11)

84 (45.6% (38.3 to 51.3)) 823 (41.2% (39.0 to 43.4))
43 (19)
43 (18)

ventilation, N (% (95% CI))
14 (7.6% (4.2 to 12.4))
101 (5.1% (4.1 to 6.1))

Acute respiratory failure
Acute respiratory
distress syndrome
Postoperative
Congestive heart
failure
Aspiration
Community
Pneumonia
Hospital Pneumonia
Sepsis
Trauma
Cardiac arrest
Other
Coma
Neuromuscular disease

Overweight
(BMI 25e29.9 kg/m2)

Obese
(BMI 30e39.9 kg/m2)

Severely obese
(BMI >40 kg/m2)

p-Value
<0.001
<0.001

586 (32.9% (30.7 to 35.1))
43 (17)

357 (45.0% (41.6 to 48.6)) 117 (54.1% (47.2 to 60.9)) <0.001
44 (17)
42 (17)
0.587

80 (4.5% (3.6 to 5.5))

56 (7.0% (5.4 to 9.1))

16 (7.4% (4.3 to 11.7))

0.025
0.504
<0.001

2 (1.0% (0.1 to 3.8))
8 (4.3% (1.9 to 8.4))

23 (1.1% (0.7 to 1.7))
26 (1.3% (0.8 to 1.9))

20 (1.1% (0.7 to 1.7))
20 (1.1% (0.7 to 1.7))

13 (1.6% (0.9 to 2.8))
13 (1.6% (0.9 to 2.8))

5 (2.3% (0.7 to 5.3))
18 (8.3% (5.0 to 12.8))

12 (6.5% (3.4 to 11.1))

63 (3.1% (2.4 to 4.0))

44 (2.5% (1.8 to 3.3))

28 (3.5% (2.4 to 5.1))

1 (0.5% (0 to 2.5))

31 (16.8% (11.7 to 23.0)) 408 (20.4% (18.7 to 22.3))
5 (2.7% (0.9 to 6.2))
112 (5.6% (4.6 to 6.7)

384 (21.6% (19.7 to 23.5))
95 (5.3% (4.4 to 6.5))

183 (23.1% (20.2 to 26.2)) 47 (21.7% (16.4 to 27.8))
59 (7.4% (5.7 to 9.5))
14 (6.5% (3.6 to 10.6))

0.324
0.084

9 (4.9% (2.3 to 9.1))
23 (12.5% (8.1 to 18.2))

64 (3.2% (2.5 to 4.1))
168 (8.4% (7.2 to 9.7))

47 (2.6% (1.9 to 3.5))
125 (7.0% (5.9 to 8.3))

17 (2.1% (1.2 to 3.4))
47 (5.9% (4.4 to 7.8))

2 (0.9% (0.1 to 3.3))
13 (6.0% (3.2 to 10.0))

0.079
0.011

14 (7.6% (4.2 to 12.4))
11 (5.9% (3.0 to 10.4))
9 (4.9% (2.3 to 9.1))
11 (5.9% (3.0 to 10.4))
17 (9.2% (5.5 to 14.4))
14 (7.6% (4.2 to 12.4))
4 (2.2% (0.6 to 5.5))

63 (3.1% (2.4 to 4.0))
177 (8.8% (7.7 to 10.2))
111 (5.5% (4.6 to 6.7))
91 (4.6% (3.7 to 5.8))
173 (8.7% (7.5 to 9.9))
386 (19.3% (17.6 to 21.1))
29 (1.4% (0.9 to 2.1))

56 (3.1% (2.4 to 4.1))
161 (9.0 (7.7 to 10.5))
103 (5.8% (4.7 to 6.9))
89 (4.9% (4.0 to 6.1))
152 (8.5% (7.3 to 9.9))
389 (21.8% (19.9 to 23.8))
16 (0.9% (0.5 to 1.4))

16 (2.0% (1.1 to 3.3))
70 (8.8% (6.9 to 11.3))
47 (5.9% (4.4 to 7.8))
39 (4.9% (3.5 to 6.7))
73 (9.2% (7.3 to 11.4))
126 (15.9% (13.4 to 18.6))
5 (0.6% (0.2 to 1.5))

3 (1.4% (0.3 to 4.0))
30 (13.9% (9.6 to 19.2))
14 (6.5% (3.6 to 10.6))
9 (4.2% (1.9 to 7.8))
17 (7.8% (4.6 to 12.3))
23 (10.6% (6.9 to 15.5))
4 (1.8% (0.5 to 4.7))
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0.004

0.001
0.079
0.959
0.883
0.965
<0.001
0.136
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Full details of the methodology are showed in Appendix 2, see
online Brieﬂy, the following information was collected on each
enrolled patient at baseline: demographic data (gender, age, estimated weight and height at admission to the intensive care
unitdwe used these values to calculate the body mass index (kg/
m2) by dividing weight in kilogrammes by the square of the
height in metres and we categorised patients, according to the
National Institutes of Health (NIH) deﬁnition of obesity, as: (1)
underweight: body mass index <18.5 kg/m2; (2) normal weight:
body mass index 18.5e24.9 kg/m2; (3) overweight: body mass
index 25e29.9 kg/m2; (4) obese: body mass index 30e39.9 kg/m2
and (5) severely obese: body mass index >40 kg/m2dand
simpliﬁed acute physiology score (SAPS II) at the time of
admission to the intensive care unit); day of initiating mechanical
ventilation; type of ventilation (invasive, non invasive), and
primary indication for mechanical ventilation (acute on chronic
pulmonary disease (chronic obstructive pulmonary disease
(COPD), asthma, chronic pulmonary disease other than COPD);
coma; neuromuscular disease and acute respiratory failure (acute
respiratory distress syndrome (ARDS), postoperative, congestive
heart failure, aspiration, community pneumonia, hospital pneumonia, sepsis, trauma, cardiac arrest, and other reason)). The
following variables were collected daily until intensive care unit
discharge, or to day 28, whichever occurred ﬁrst: ventilator
settings (tidal volume, positive end-expiratory pressure (PEEP),
peak pressure, plateau pressure); use of sedatives; use of neuromuscular blockers; and complications arising (acute respiratory
distress syndrome, barotrauma, ventilator associated pneumonia,
sepsis, organ failure (cardiovascular failure, respiratory failure,
renal failure, hepatic failure, haematological failure)). Organ

Thorax 2011;66:66e73. doi:10.1136/thx.2010.145086

9 (1.8)
8.9 (1.9)
5 (3)
26 (8)
21 (6)

11 (2.5)
8.2 (1.8)
5 (3)
25 (8)
21 (6)

10.5 (2.6)
8.1 (1.8)
6 (4)
28 (9)
23 (7)

10.5 (2.6)
8.1 (1.8)
6 (4)
27 (8)
22 (7)

22 (11.9% (7.6 to 17.5))
127 (69.0% (61.8 to 75.6))

55 (57.3% (46.8 to 67.3))
36 (37.5% (27.8 to 47.9))
5 (5.2% (1.7 to 11.7))
11/96 (11.4% (5.9 to 19.6))
4/160 (2.5% (0.7 to 6.3))
1 (25% (0.6 to 80.6))
26/160 (16.2% (10.9 to 22.9))
10 (5, 14)

Day 3 of mechanical ventilation
Tidal volume
ml/kg actual body weight, mean (SD)
ml/kg predicted body weight, mean (SD)
Positive end-expiratory pressure, cm of water, mean (SD)
Peak pressure, cm of water, mean (SD)
Plateau pressure, cm of water, mean (SD)

Day 5 of mechanical ventilation
Tidal volume
ml/kg actual body weight, mean (SD)
ml/kg predicted body weight, mean (SD)
Positive end-expiratory pressure, cm of water, mean (SD)
Peak pressure, cm of water, mean (SD)
Plateau pressure, cm of water, mean (SD)

Pharmacology
Use of neuromuscular blockers, N (% (95% CI))
Use of sedatives, N (% (95% CI))

Weaning
Simple weaning, N (% (95% CI))
Difficult weaning, N (% (95% CI))
Prolonged weaning, N (% (95% CI))
Reintubation, N/Extubated patients (% (95% CI))
Accidental extubation, N/Patient at risk* (% (95% CI))
Reintubation, N (% (95% CI))
Tracheostomy, N/Patients at risk* (% (95% CI))
Timing, days, median (IQR)

548 (55.3% (52.1 to 58.4))
397 (40.1% (36.9 to 43.2))
46 (4.6% (3.4 to 6.1))
91/991 (9.2% (7.4 to 11.1))
45/1661 (2.7% (1.9 to 3.6))
8 (17.7% (8.0 to 32.0))
234/1661 (14.1%(12.4 to 15.8))
10 (6, 16)

184 (10.3% (8.9 to 11.8))
1263 (70.9% (68.7 to 73.0))

7 (1.5)
9 (1.9)
6 (4)
27 (8)
22 (6)

7 (1.5)
9 (2.1)
6.5 (4)
27 (7)
22 (6)

7 (1.5)
9.1 (2.1)
5.5 (3)
27 (8)
21 (6)

1781 (35.8% (34.5 to 37.2))
155 (8.7% (7.4 to 10.1))
83 (53.5% (45.3 to 61.5))

Overweight
(BMI 25e29.9 kg/m2)

*Excluding patients with tracheostomy at admission to intensive care unit and patients who were ventilated successfully with non-invasive positive pressure ventilation.

599 (56.0% (52.9 to 59.0))
407 (38.1% (35.1 to 41.1))
63 (5.8% (4.5 to 7.4))
121/1069 (11.3% (9.5 to 13.4))
58/1824 (3.2% (2.4 to 4.1))
15 (25.9% (15.2 to 39.0))
257/1824 (14.1% (12.5 to 15.8))
9 (6, 14)

197 (9.8% (8.6 to 11.2))
1382 (69.3% (67.2 to 71.3))

8.5 (1.9)
8.8 (1.9)
6 (4)
26 (8)
22 (6)

8 (1.8)
8.7 (1.9)
6.5 (4)
26 (8)
21 (6)

1995 (40.1% (38.8 to 41.5))
183 (9.1% (7.9 to 10.5))
118 (64.5% (57.1 to 71.4))

Normal
(BMI 18.5e24.9 kg/m2)

184 (3.7% (3.2 to 4.3))
25 (13.6% (8.9 to 19.4))
15 (60% (38.7 to 78.8))

Underweight
(BMI < 18.5 kg/m2)

Comparison of the mode of ventilation, ventilator settings, use of sedatives and weaning by body mass index group

245 (55.9% (51.1 to 60.6))
164 (37.4% (32.9 to 42.2))
29 (6.6% (4.5 to 9.4))
45/438 (10.3% (7.6 to 13.5))
23/724 (3.2% (2.0 to 4.7))
14 (60.9% (38.5 to 80.3))
119/724 (16.4% (13.8 to 19.3))
8 (6, 13)

97 (12.2% (10.0 to 14.7))
562 (70.9% (67.6 to 74.1))

6 (1.5)
10 (2.9)
6.5 (4)
29 (8)
23 (7)

6 (1.4)
9.8 (2.6)
7 (4.6)
28 (8)
23 (6)

6.5 (1.4)
10.1(2.6)
5.5 (3)
28 (9)
22 (6)

792 (15.9%; (14.9 to 16.9))
84 (10.6% (8.5 to 12.9))
51 (60.7% (49.4 to 71.2))

Obese
(BMI 30e39.9 kg/m2)

55 (45.8% (36.7 to 55.1))
54 (45.0% (35.9 to 54.3))
11 (9.2% (4.7 to 15.8))
11/120 (9.2% (4.7 to 15.8))
5/190 (2.6% (0.78 to 6.0))
3 (60.0% (14.7 to 94.7))
28/190 (14.7% (10.0 to 20.6))
11 (4, 16)

24 (11.1% (7.2 to 16.8))
152 (70.3% (63.8 to 76.4))

5 (1.3)
11 (3.7)
7 (5.5)
30 (9)
26 (6)

5 (1.2)
10.4 (3.8)
7 (5.4)
29 (9)
25 (7)

5 (1.5)
11.1 (3.9)
6 (4)
31 (10)
25 (7)

216 (4.3%; (3.8 to 4.9))
32 (14.8% (10.3 to 20.2))
19 (59.4% (40.6 to 76.3))

Severely obese
(BMI >40 kg/m2)

0.307
0.523
0.236
0.583
0.913
0.003
0.550
0.339

0.415
0.810

<0.001
<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
0.004
<0.001
<0.001

<0.001
<0.001
<0.001
<0.001
<0.001

0.010
0.377

p-Value

Thorax: first published as 10.1136/thx.2010.145086 on 27 October 2010. Downloaded from http://thorax.bmj.com/ on April 10, 2021 by guest. Protected by copyright.

68

N (% (95% CI))
Non-invasive positive pressure ventilation, N (% (95% CI))
Successful, N (% (95% CI))
Ventilator settings
Day 1 of mechanical ventilation
Tidal volume
ml/kg actual body weight, mean (SD)
ml/kg predicted body weight, mean (SD)
Positive end-expiratory pressure, cm of water, mean (SD)
Peak pressure, cm of water, mean (SD)
Plateau pressure, cm of water, mean (SD)

Table 2

Mechanical ventilation

Mechanical ventilation

RESULTS
Patients’ baseline characteristics
A total of 792 patients were obese (15.9%; 95% CI 14.9 to 16.9)
and 216 patients severely obese (4.3%; 95% CI 3.8 to 4.9). Table 1
summarises the baseline demographic characteristics of the
whole cohort.
There were signiﬁcant differences in age and gender among
body mass index groups. Very obese patients were more likely to
be younger women as compared with other weight groups.
Table 3

Obese and severely obese patients were less likely to receive
mechanical ventilation due to community-acquired pneumonia
or a neurological event as compared with normal weight patients.

Implementation of mechanical ventilation
Modes of ventilation, ventilator parameters, use of sedatives and
weaning are summarised in table 2.
Non-invasive ventilation was used more frequent in patients
who were underweight or severely obese as compared with the
other groups. Severely obese patients were more likely to receive
low tidal volume based on actual body weight but high volumes
based on predicted body weight. These patients were also
ventilated with slightly higher levels of PEEP. There were not
signiﬁcant differences in the proportion of patient who reached
weaning. Both obese and severely obese patients had a higher
percentage of reintubation following accidental extubations
compared with the other groups.

Outcomes
In obese patients, we observed a higher incidence of acute
respiratory distress syndrome and acute renal failure (table 3).
Table 4 shows the univariable and multivariable analysis of
variables related to the development of acute respiratory distress
syndrome over the course of mechanical ventilation.
After adjustment, body mass index remained signiﬁcantly
associated with the development of acute respiratory distress
syndrome (ﬁgure 1).
There were no differences in the patients’ outcomes (duration
of mechanical ventilation, duration of weaning, length of stay in
the intensive care unit, length of stay in the hospital and
mortality in the intensive care unit and in the hospital) based on
body mass index categories (table 5).
Table 6 shows the univariable and multivariable analysis for
mortality.
There was a non-signiﬁcant trend towards a lower mortality
with increase of body mass index (ﬁgure 2).

DISCUSSION
The main ﬁndings of this study are: increased body weight and
obesity were more common in this cohort of mechanically
ventilated patients than previously reported in populations of

Comparison of complications over the course of mechanical ventilation in each body mass index groups

N (% (95% CI))
Barotrauma, N (% (95% CI))
Ventilator associated
pneumonia, N (% (95% CI))
Sepsis, N (% (95% CI))
Cardiovascular failure,
N (% (95% CI))

Underweight
(BMI <18.5 kg/m2)

Normal
(BMI 18.5e24.9 kg/m2)

184 (3.7% (3.2 to 4.3))
8 (4.3% (1.9 to 8.4))
9 (4.9% (2.3 to 9.1))

1995 (40.1% (38.8 to 41.5)) 1781 (35.8% (34.5 to 37.2)) 792 (15.9%; (14.9 to 16.9)) 216 (4.3%; (3.8 to 4.9))
63 (3.1% (2.4 to 4.0))
54 (3.0% (2.3 to 3.9))
27 (3.4% (2.2 to 4.9))
5 (2.3% (0.7 to 5.3))
68 (3.4% (2.6 to 4.3))
72 (4.0% (3.2 to 5.1))
36 (4.5% (3.2 to 6.2))
12 (5.5% (2.9 to 9.5))

Overweight
(BMI 25e29.9 kg/m2)

Obese
(BMI 30e39.9 kg/m2)

Severely obese
(BMI >40 kg/m2)

p-Value
0.807
0.380

22 (11.9% (7.6 to 19.5)) 158 (7.9% (6.7 to 9.2))
155 (8.7% (7.4 to 10.1))
50 (6.3% (4.7 to 8.2))
15 (6.9% (3.9 to 11.1)) 0.076
60 (32.6% (25.9 to 39.9)) 620 (31.1% (29.0 to 33.1)) 587 (32.9% (30.8 to 35.2)) 224 (28.3% (25.1 to 31.5)) 63 (29.2% (23.2 to 35.7)) 0.179

Respiratory failure,
N (% (95% CI))
With criteria of acute
11 (5.9% (3.0 to 10.4)) 89 (4.5% (3.6 to 5.5))
respiratory distress syndrome
Without criteria of acute
42 (22.8% (16.9 to 29.6)) 556 (27.9% (25.9 to 29.9))
respiratory distress syndrome
Acute renal failure,
12 (6.5% (3.4 to 11.1)) 123 (6.2% (5.1 to 7.3))
N (% (95% CI))
Hepatic failure,
9 (4.9% (2.3 to 9.1))
100 (5.0% (4.1 to 6.1)
N (% (95% CI))
Haematologic failure,
21 (11.4% (7.2 to 16.9)) 143 (7.2% (6.1 to 8.4))
N (% (95% CI))

Thorax 2011;66:66e73. doi:10.1136/thx.2010.145086

102 (5.7% (4.7 to 6.9))

55 (6.9% (5.3 to 8.9))

19 (8.8% (5.4 to 13.4))

0.021

557 (31.3% (29.1 to 33.5)) 256 (32.3% (29.1 to 35.7)) 81 (37.5% (31.0 to 44.3)) 0.002
150 (8.4% (7.2 to 9.8))

71 (8.9% (7.1 to 11.2))

26 (12.0% (8.0 to 17.1)) 0.003

83 (4.7 (3.7 to 5.7))

42 (5.3% (3.8 to 7.1))

18 (8.3% (5.0 to 12.8))

0.239

127 (7.1% (5.9 to 8.4))

49 (6.2% (4.6 to 8.1))

14 (6.5% (3.6 to 10.6))

0.177
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as reference ‘underweight’ category, type of ventilation (invasive
ventilation vs. failed non-invasive ventilation vs successful
non-invasive ventilation) and reason for initiating mechanical
ventilation. We considered a signiﬁcant p-value <0.05. This
analysis was performed with Stata (version 10.0) statistical
software.
After exploring the data, we observed a signiﬁcant trend
towards a higher incidence of ARDS, developing over the course
of mechanical ventilation in obese patients. To estimate if there
was an independent association between body mass index and
development of ARDS, we performed a second GEE analysis. In
this model, we considered the following variables: age, gender,
SAPS II, body mass index category as a dummy variable taking
as reference ‘underweight’ category (for the purpose if this
analysis we categorised the body mass index into four categories:
underweight, normal, overweight and obese/severely obese),
reason for initiation of mechanical ventilation categorised as
a dummy variable (chronic pulmonary disease, neurologic
disease, acute respiratory failure causes associated with ARDS
(aspiration, trauma sepsis, pneumonia), and acute respiratory
failure not associated with ARDS (postoperative, congestive
heart failure, cardiac arrest), risk factors for acute respiratory
distress syndrome developed over the duration of mechanical
ventilation (shock, sepsis, ventilator associated pneumonia) and
ventilator settings (tidal volume in ml/kg of predicted body
weight and positive end-expiratory pressure). The ventilator
settings entered in the analysis were values accrued until the day
of ARDS diagnosis in patients who met criteria for ARDS, or the
values until the start of weaning for those who did not meet
ARDS criteria. This analysis was performed with Stata (version
10.0) statistical software.

Mechanical ventilation

Univariable

Multivariable

OR

95% CI

0.99

0.98 to 1.00

0.861

1 (reference)
0.90

0.65 to 1.26

0.550

Body mass index by category
Underweight
Normal
Overweight
Obese/severely obese
SAPS II, per point

1 (reference)
1.33
2.04
2.59
1.00

0.57
0.86
1.11
0.99

to
to
to
to

3.10
4.84
6.06
1.01

0.507
0.106
0.028
0.493

Reason of mechanical ventilation
Neurological disease
Chronic pulmonary disease
Acute respiratory failure without a priori risk for ARDS*
Trauma
Sepsis
Pneumonia
Aspiration
Ventilator associated pneumonia

1 (reference)
0.94
1.53
2.30
2.59
3.32
4.98
1.91

0.31
0.87
1.17
1.16
1.72
2.22
0.92

to
to
to
to
to
to
to

2.85
2.70
4.53
5.80
6.40
11.20
3.99

0.916
0.136
0.021
0.016
<0.001
<0.001
0.083

Sepsis over the course of mechanical ventilation
No
Pulmonary
Extrapulmonary
Shock over the course of mechanical ventilation
Tidal volume (ml/kg predicted body weight), per unit
PEEP, per cmH2O

1 (reference)
2.58
2.94
3.28
1.02
1.31

1.37
1.49
2.26
0.97
1.22

to
to
to
to
to

4.84
5.78
4.76
1.07
1.39

0.003
0.002
<0.001
0.469
<0.001

Age, per year
Gender
Male
Female

p-Value

OR

95% CI

1 (reference)
1.62
2.23
3.07

0.58 to 4.50
0.80 to 6.22
1.07 to 8.84

0.352
0.126
0.037

1 (reference)
0.82
1.10
1.37
1.85
2.15
3.48
1.13

0.22
0.60
0.69
0.81
1.00
1.32
0.49

3.07
1.99
2.68
4.22
4.65
9.17
2.62

0.773
0.752
0.263
0.144
0.050
0.012
0.765

1 (reference)
1.83
2.71
2.50

0.88 to 3.80
1.37 to 5.38
1.62 to 3.87

0.105
0.004
<0.001

1.04

1.01 to 1.07

0.006

to
to
to
to
to
to
to

p-Value

*This variable includes: Postoperative acute respiratory failure, congestive heart failure, cardiac arrest.

10

3.07
2.23
1.62
1

0.1
Normal

Overweight

Obese
Severely obese

Figure 1 Adjusted OR for the development of acute respiratory
distress syndrome. The reference group is patients in the underweight
category. OR for acute respiratory distress syndrome was adjusted by
age, SAPS II, sex, reason to start mechanical ventilation, body mass
index, risk factors for acute respiratory distress syndrome developed
over the course of mechanical ventilation (sepsis, shock, and ventilator
associated pneumonia), tidal volume and positive end-expiratory
pressure.
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critically ill patients4; obese patients were more likely to develop
acute respiratory distress syndrome and acute renal failure; and
body mass index was not associated with mortality nor a longer
stay in the intensive care unit.
Our study is a prospective report that evaluates the impact of
body mass index on clinical outcomes in a large cohort of
patients receiving mechanical ventilation. Obesity and
mechanical ventilation could interact through a number of
mechanisms. Obese patients have reduced respiratory system
compliance11 leading to high airway pressures and they can
frequently receive tidal volumes that can be excessive when
judged according to predicted body weight by height (a better
approximation of lung size). Obese patients are prone to
atelectasias, aspiration and pneumonia that may increase the
duration of mechanical ventilation. Despite these handicaps, we
did not ﬁnd differences in the duration of mechanical ventilation
nor in the time devoted to weaning from mechanical ventilation
in obese patients.
In published studies, there are discrepancies on the inﬂuence
of obesity on mortality. These discrepancies may be due to
differences in the population included and in the deﬁnitions of
obesity. Focusing on the studies including only mechanically
ventilated patients,6e9 12 only one study6 reported a higher
mortality in obese patients. But, in this study, it is remarkable
that the reference mortality in non-obese patients is relative low
(17%), for a population who received mechanical ventilation
longer than 48 h. In our cohort, the mortality of non-obese
patients ventilated for more than 48 h was 32%. In one of the
Thorax 2011;66:66e73. doi:10.1136/thx.2010.145086
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Table 4 Univariable and multivariable analysis, by generalised estimating equation models, for development of acute respiratory distress syndrome
over the course of mechanical ventilation

Mechanical ventilation
Table 5

Comparison of outcomes in each body mass index groups
Normal
(BMI 18.5e24.9 kg/m2)

184 (3.7% (3.2 to 4.3))
4 (2, 8)

1995 (40.1% (38.8 to 41.5)) 1781 (35.8% (34.5 to 37.2)) 792 (15.9%; (14.9 to 16.9)) 216 (4.3%; (3.8 to 4.9))
4 (2, 8)
4 (2, 8)
4 (2, 8)
4 (2, 8)

0.159

1 (1, 3)

1 (1, 2)

1 (1, 2)

1 (1, 2)

2 (1, 3)

0.292

8 (4, 16)

8 (4, 15)

8 (4, 14)

8 (5, 15)

8 (5, 15)

0.369

60 (32.6% (25.9 to 35.9)) 630 (31.6% (29.5 to 33.7))

558 (31.3% (29.2 to 33.5))

227 (28.6% (25.5 to 31.9)) 58 (26.8% (21.1 to 33.3)) 0.360

18 (10, 36)

17 (9, 31)

17 (10, 31)

655 (36.8% (34.5 to 39.1))

263 (33.2% (29.9 to 36.6)) 63 (29.2% (23.2 to 35.7)) 0.141

17 (9, 31)

71 (38.6% (31.5 to 46.0)) 708 (35.5% (33.4 to 37.6))

Overweight
(BMI 25e29.9 kg/m2)

studies by O’Brien et al,8 investigators found that body mass
index was associated with risk-adjusted hospital mortality
among mechanically ventilated adults with acute lung injury.
Lower body mass index was associated with higher odds of
death, whereas overweight and obese were associated with
lower odds. We found a similar trend although we did not ﬁnd
statistically signiﬁcant differences between categories of body
mass index.
Table 6

Obese
(BMI 30e39.9 kg/m2)

Severely obese
(BMI >40 kg/m2)

17 (9, 28)

p-Value

0.619

How to set ventilator parameters such as tidal volume and
PEEP in obese patients is not clearly deﬁned. The impact of body
weight on lung mechanics has important implications in the
selection of ventilator parameters. Prior reports have shown that
obese patients with ARDS were ventilated using signiﬁcantly
higher tidal volumes than those with a normal body mass index.
In our study, tidal volumes in obese patients were low (5e6 ml/
kg) based on actual body weight, but high (10e11 ml/kg) based

Univariable and multivariable analysis, by generalised estimating equation models, for mortality in the intensive care unit
Univariable

Multivariable

OR

95% CI

p-Value

OR

95% CI

p-Value

Age, per year

1.017

1.013 to 1.020

<0.001

1.011

1.006 to 1.015

<0.001

Gender
Male
Female

1 (reference)
0.96

0.85 to 1.08

Body mass index by category
Underweight
Normal
Overweight
Obese
Severely obese
Simplified acute physiology score, per point

1 (reference)
0.91
0.89
0.87
0.80
1.040

0.67 to 1.25
0.65 to 1.23
0.62 to 1.22
0.53 to 1.22
1.036 to 1.044

0.573
0.506
0.422
0.302
<0.001

1.032

1.037 to 1.036

<0.001

0.514

Reason of mechanical ventilation
Postoperative acute respiratory failure
Asthma
Neuromuscular disease
Trauma
Chronic obstructive pulmonary disease
Congestive heart failure
Other acute respiratory failure
Coma
Aspiration
Community pneumonia
Chronic pulmonary disease non-chronic obstructive pulmonary
disease
Hospital pneumonia
Cardiac arrest
Sepsis
Acute respiratory distress syndrome

1 (reference)
0.50
0.95
1.00
1.29
1.89
2.03
2.27
2.68
2.81
3.33

0.21
0.47
0.70
0.92
1.39
1.55
1.82
1.82
2.14
2.10

to
to
to
to
to
to
to
to
to
to

1.17
1.91
1.43
1.82
2.58
2.66
2.83
3.92
3.69
5.30

0.112
0.887
0.965
0.132
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

1.59
1.78
2.04
2.03
2.34
4.53

1.15
1.35
1.62
1.36
1.76
2.75

to
to
to
to
to
to

2.20
2.35
2.57
3.03
3.12
7.46

0.004
<0.001
<0.001
<0.001
<0.001
<0.001

3.52
4.43
5.25
5.44

2.45
3.26
4.08
3.77

to
to
to
to

5.06
6.02
6.76
7.84

<0.001
<0.001
<0.001
<0.001

2.93
2.64
3.72
4.75

2.01
1.92
2.86
3.21

to
to
to
to

4.28
3.64
4.84
7.00

<0.001
<0.001
<0.001
<0.001

Ventilation
Invasive ventilation
Success non-invasive positive pressure ventilation
Failed non-invasive positive pressure ventilation

1 (reference)
0.33
1.80

0.23 to 0.46
1.35 to 2.39

<0.001
<0.001

1 (reference)
0.39
1.79

0.27 to 0.57
1.31 to 2.44

<0.001
<0.001
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N (% (95% CI))
Days of mechanical
ventilation, median (IQR)
Days of weaning,
median (IQR)
Length of stay in the
intensive care unit,
median (IQR)
Mortality in the intensive
care unit, N (% (95% CI))
Length of stay in the
Hospital, median (IQR)
Mortality in the Hospital,
N (% (95% CI))

Underweight
(BMI <18.5 kg/m2)

Mechanical ventilation
10

0.91

0.85

0.84

0.82

0,1
Normal

Overweight

Obese

Severely obese

Figure 2 Adjusted OR for mortality in the intensive care unit. The
reference group is patients in the underweight category. OR for mortality
was adjusted by age, sex, SAPS II, body mass index category, type of
ventilation (invasive ventilation vs. failed non-invasive ventilation vs.
successful non-invasive ventilation), and reason for initiating mechanical
ventilation.
on predicted body weight, along with higher levels of PEEP.
These data suggest that clinicians overestimated lung size for
obese patients and chose tidal volumes on the basis of actual
body weight rather than predicted body weight. Observational
studies indicate an association between high tidal volumes in
patients mechanically ventilated due to an extra-pulmonary
condition and at an increased risk to develop acute lung injury.13
That is, using high tidal volumes could place obese and severely
obese patients at risk for ventilator-associated lung injury. Our
analysis, however, along with results reported by Gong et al14
show that obesity, independent of tidal volume or airway
pressures, is related with the development of acute respiratory
distress syndrome. It is possible that obesity may play a signiﬁcant role in the pathogenesis of pulmonary diseases through
mechanisms that may involve pro-inﬂammatory mediators
produced in the adipose tissue that contribute to a state of
systemic inﬂammation.15 Alternatively, the increase in ARDS
among obese patients may be artifactual with obese patients
being more likely to have opacities seen on chest radiograph
because of increased tissue mass and more likely to have hypoxaemia because of other reasons such as atelectasis. However,
the fact that ARDS at baseline was seen less commonly in obese
patients points away from this supposition.
Several authors have reported a higher incidence of organ
dysfunctions in obese patients.16e18 Our study also showed the
presence of organ dysfunctions, but like in other studies this was
not associated with higher mortality. Slynkova et al,19 in an
analysis of 15 408 participants in the Atherosclerosis Risk in
Communities Study, found that obesity by itself was not
a signiﬁcant predictor of either acute organ failure or death.
However, the presence of diabetes mellitus, which is related to
obesity, was a strong predictor of both acute organ failure and
death after acute organ failure. Recently, similar to our results,
a large meta-analysis evaluated the effect of obesity on intensive
care morbidity and mortality. These investigators reported that
obese patients, despite having increased morbidity, have no
change in mortality.3 A possible explanation for the ‘paradox’ of
how a condition that is associated with multiple chronic
morbidities could be protective in the face of critical illness is the
possibility that the large mass of adipose tissue serves as an
72
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Thus, selection biases may have inﬂuenced the decision to
ventilate a patient in the ﬁrst place. Once patients were admitted
to the study intensive care unit, we believe that these issues did
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patient’s weight, such as ﬂuid balance, that are not taken into
consideration. In others to avoid this problem we used the weight
obtained at intensive care unit admission for this analysis.
In conclusion, a signiﬁcant number of patients that received
mechanical ventilation in our cohort had increased body weight,
and 20% of patients were obese or severely obese. Obese patients
were ventilated with high tidal volumes based on predicted body
weight. These patients were more likely to have signiﬁcant
complications during the course of ventilatory support including
acute respiratory distress syndrome and acute renal failure, but
there were no associations with increased duration of mechanical ventilation, length of stay or mortality. Due to an increasing
incidence of increased body weight in the general population, it
is likely that more overweight patients will require mechanical
ventilation in the future. Our data show that obesity is not
a factor that adversely affects patient outcomes in the ICU, if
anything it may be protective.
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Lung alert
Vitamin B deficiency may increase risk of lung cancer
It has been hypothesised that deﬁciencies in B vitamin levels may inﬂuence gene expression by
means of aberrant methylation patterns as vitamin B is essential for DNA synthesis and
methylation. This study investigated the role of B vitamins (B2, B6, B9, B12) and methionine
status on the development of lung cancer. It was conducted over 8 years and included
participants from the EPIC (European Prospective Investigation into Cancer and Nutrition)
cohort.
899 cases were suitable for serum analysis. Using sex, smoking and age-speciﬁc incidence
rates, cumulative risks of lung cancer were greatest for current smokers followed by former
smokers and never smokers. After adjusting for matching variables and cotinine (a marker of
smoking), a substantially lower risk of lung cancer was seen for increasing levels of B6 and
methionine. The study also revealed a high deﬁciency in nutrient levels of B vitamins in many
western populations. Smokers were found to consume fewer fruits and vegetables (B vitamins
source). Smoking intensity was inversely associated with folate, B12 and B6 levels. Serum
levels of B vitamins and metabolites were ascertained to be partially determined by diet and
clearly affected by vitamin supplements so low vitamin levels were found to be modiﬁable.
This study suggests that smoking and dietary intake can have an impact on lung cancer
development. Although previous studies of vitamin B supplementation in other cancers have
not been shown to be of beneﬁt, this is clearly an interesting area for further development.
<
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