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Abstract Purpose:
whether obesity is associated with
mortality or other adverse intensive
care unit (ICU) and post-ICU out-
A meta-analysis
of studies from PubMed and EM-
BASE databases. Results:
two studies (n = 88,051 patients)

REVIEW

The impact of obesity on outcomes after
critical illness: a meta-analysis

respectively) versus normal weight
subjects. There was no association
between obesity and duration of
mechanical ventilation or ICU stay.
Morbidly obese versus normal weight
patients had longer hospitalizations.
No study reported physical function,
mental health, or quality of life out-
comes after discharge.

Conclusions: QObesity is not associ-
ated with increased risk for ICU
mortality, but may be associated with
lower hospital mortality. There is a
critical lack of research on how
obesity may affect complications of
critical illness and patient long-term
outcomes.

To assess

Twenty-
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were included. Pooled analysis dem-
onstrated no difference in ICU
mortality, but lower hospital mortal-
ity for obese and morbidly obese
subjects (RR 0.76; 95% CI 0.59, 0.92;
RR 0.83; 95% CI 0.66, 1.04,
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Introduction

Nearly one-third of intensive care unit (ICU) patients are
obese and nearly 7% are morbidly obese, frequencies that
are predicted to increase as the prevalence of obesity in
the general population rises [1, 2]. Thus, understanding
the consequences of obesity on critical illness has great
public health importance. In the general population,
obesity is associated with increased risk for mortality and
excess costs of care [3, 4]. Although frequently studied as
a chronic disease, the influence of obesity on acute ill-
nesses is poorly understood. Given the rising prevalence

of obese patients in ICUs, this issue is especially impor-
tant in critical care.

Obesity is associated with multiple co-morbid condi-
tions and physiologic derangements (e.g., pro-
inflammatory state, insulin resistance), physical limita-
tions, and pharmacokinetic alterations that may complicate
acute illness and impede the implementation and/or effi-
cacy of evidence-based interventions in the ICU [5, 6].
Nonetheless, little is known regarding the impact of obesity
on short- and long-term outcomes from critical illness. We
identified two systematic reviews that examined the role of
obesity on ICU and hospital mortality [1, 2]. Akinnusi et al.
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[1] reported that obesity [body mass index (BMI) >30 kg/
m” of body surface area] was not associated with crude ICU
mortality. Of note, in that meta-analysis, the reference
group for comparisons was non-obese (BMI <30 kg/m )
patients rather than normal weight patients. Prior studies
suggest that the relationship between BMI and patient
outcomes is “U” shaped [7-13] w1th worse outcomes for
both underwelght (BMI <18.5 kg/m ) and morbidly obese
(>40 kg/m) patients. Hence, inclusion of underweight
patients in the reference group and morbidly obese patients
in the obese group might conceivably bias the results. In
their meta-analysis, Oliveros et al. [2] used a reference
group of normal weight patients (BMI 18.5-24.9 kg/m?),
however, they combined data for ICU and hospital mor-
tality. These i 1nvest1gat0rs found a lower mortality for obese
(BMI 30. 0—39 9 kg/m ), but not morbidly obese (BMI
>40 kg/m?) patients. There were inconclusive results from
both studies on whether obesity or morbid obesity is asso-
ciated with prolonged mechanical ventilation or extended
ICU length of stay compared with non-obese or normal
weight patients. Importantly, although the importance and
study of long-term outcomes after critical illness has
grown, whether obesity impacts these outcomes were not
examined in these prior analysis [14-16].

Our objective was to perform a systematic review of
the literature and meta-analysis to evaluate whether
obesity impacts the risk for ICU or hospital mortality as
well as long-term patient outcomes including physical
function and quality of life compared with normal weight
patients. We further sought to assess whether obesity
affects the duration of mechanical ventilation, ICU and
hospital length of stay, and ICU complications.

Methods

Data sources and searches

Relevant English-language publications were identified
by searching PubMed and EMBASE databases (as of 10
March 2008) using text words and controlled vocabulary
terms, including intensive care, critical care, critical ill-
ness, obesity and body weight. No limit by date was used
in the search strategy. References from identified citations
and relevant review articles were hand searched for
additional eligible citations.

Study selection

Criteria for inclusion of publications in this systematic
review were: (1) a quantitative comparison of outcomes
between obese and non-obese subjects, (2) adult subjects
(i.e., <16 years of age), and (3) subjects admitted to an
ICU. Publications were excluded if: (1) there were no

original data (e.g., review, commentary), (2) a full-length
publication was not reported (e.g., abstract only) in a
peer-reviewed journal, (3) obese adult ICU patients were
not the primary focus, or (4) there were no data on
mortality.

Based on these criteria, each title and/or abstract
retrieved from the electronic database search was
screened for eligibility independently by two of four
reviewers (CH, JS, TS, NM). The full text of potentially
eligible papers were independently reviewed by two
investigators (CH, JS). For eligible publications, relevant
data were abstracted. Data abstraction for methodological
aspects of studies include: study design, sample size, and
study quality (described later). Data on exposures and
potential confounders 1nc1uded definitions of weight
categories evaluated (in kg/m ), and severity of illness
and organ dysfunction scoring. When available, data was
collected on the following outcomes (including outcomes
after hospital discharge when applicable): mortality rate
in the ICU and hospital; duration of mechanical ventila-
tion, ICU and hospital length of stay; presence of deep
venous thrombosis, pulmonary embolism, systemic
inflammatory response syndrome (SIRS), catheter-related
blood stream infections, sepsis, and acute respiratory
distress syndrome; acute renal failure; multiple organ
failure; destination after hospital discharge; physical
function and quality of life. The methodological quality of
eligible studies was assessed using a modified Newcastle—
Ottawa scale, a validated instrument designed to evaluate
the quality of observational studies in systematic reviews
and meta-analyses [17, 18]. Using this scale, methodology
was evaluated in three domains: the selection of study
groups, the comparability of groups, and the quality of
ascertainment of either the exposures (for case—control
studies) or of the outcomes (for cohort studies). In the
event of unclear or missing data, attempts were made to
contact the authors of the publication. Replies were
received from the authors of four reports [8, 19-21].

Data synthesis

Because outcomes may vary for under-weight versus
normal weight subjects, quantitative synthesis (i.e., meta-
analysis) of the data was limited to those studies using a
reference group of normal weight subjects, specrﬁcally
excluding underweight patients (<18.5 kg/m?). A
Bayesian model was used to pool data across studies
within weight categories while allowing for study to study
differences in the outcome measures. Specifically, for
ICU and hospital mortality, we extracted the total number
of subjects and the number of deaths in each study and
each weight category. For each study, this data was
incorporated into a binomial regression model with a log
link in order to model the log relative risk of mortality
across the weight categories (normal weight as the
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reference group). These estimates of the log relative risk
with the corresponding variance estimates represent the
maximum likelihood estimates (MLEs) of the study spe-
cific associations between mortality and the weight
categories. These MLEs were then incorporated into a
two-stage normal-normal model in which we estimated a
pooled log relative risk for each weight category (normal
weight as the reference group) with corresponding 95%
credible intervals (CI). We define a significant result to be
a 95% CI that does not include a relative risk of 1. To
evaluate statistical heterogeneity, we utilized the I sta-
tistic which represents the proportion of total variation in
the log relative risks that is attributable to heterogeneity
across studies [22]. An I* of 0 indicates no heterogeneity
in the true log relative risks across studies with all vari-
ation attributable to within-study statistical uncertainty.
An I* close to 1 indicates large heterogeneity across
studies which indicate large differences across the studies
which may be due to mortality differences or inherent
differences in the study populations, study designs,
patient severity, etc. For duration of mechanical ventila-
tion, and ICU and hospital stay, we extracted the mean
and standard deviation duration for each study and each
weight category. For studies that reported the durations of
mechanical ventilation and ICU and hospital stay with
only a range, rather than a standard deviation, we esti-
mated the standard deviation by taking the largest
difference between the mean and minimum/maximum
and dividing by two. To address the potential effect of
estimating the standard deviation, we performed a sensi-
tivity analysis of the results excluding those studies which
did not report the standard deviation. Thereafter the

analysis of these non-mortality outcomes was completed
in a similar fashion to analysis of mortality data. We
define a significant result to be a 95% credible interval for
the difference in mean duration that does not include zero.
Statistical analyses were conducted using R (version
2.7.0) and WinBugs (version 1.4.3) software.

Results

The initial literature search retrieved 1,524 citations.
Review of titles, abstracts, and full-length articles
resulted in selection of 23 eligible publications (Fig. 1).
The studies included 14 retrospective cohort, 6 pro-
spective cohort, and 3 case control studies and they
included a wide variety of critically ill patients and
sample sizes (Table 1) [7-13, 19-21, 23-35]. The stud-
ies by Marik et al. [7] and Tremblay et al. [20] both
obtained data from the Project IMPACT database and
included significant overlap in the patients populations;
hence, only the former study was included in the quan-
titative synthesis since it encompassed a larger sample
size and reported more outcomes. Consequently, this
review included data from 88,051 patients with the
studies by Marik et al. [7] and Finkielman et al. [8]
contributing 48,176 and 19,669 patients (77% of the total
sample), respectively. Our assessment of the methodo-
logical quality of the cohort studies is provided in
Table 2 and for case-control studies in Table 3. Only
three of the cohort studies reported masking of the
outcome assessor [7, 23, 34] and only four studies were

Fig. 1 Flow diagram of study
selection process

1524 Citations Identified and Screened

1484 Articles Excluded

A 4

\ 4

Articles considered non-relevant

40 Full Text Articles Reviewed

17 Articles Excluded
3 No original data
6 Focus not limited to obese ICU patients

A 4

A4

8 No quantitative comparison between
obese and non- obese patients

23 Full Text Articles included




1155

(8t—61) ¢ (S9—¥¢€) 8% (STT) ;w/3Y L7> :989q0-UON
(€18) 040>
IT SdVS 2A1adsoig [eSIPIN 4 pg< Keis DI [£€] dousrnon
d0'L9-0'2€) I'e6l + 609
/¥ :syuoaned :sjuenjed ©12°1) E\wx OF< 195990 A[pIqION
aAneIado-uoN aanerado-uoN Amoo ¥) E\mv_ 6°65—0¢€ 95990
(0LS°9) ;w/3y 6'6-0'ST_ BPMINQ
(90t°9) a\mv_ 64781 YSIom [EULION
sjuonjed
(0'15-0'62) jiun aIed deIpIres
0°6¢ :suaned Kreurpdiosip 10 ‘A1931ns
aanerado 6'ST F +9 -Inux [eo130[01n0U
111 Qyoedy :sjuonjed (699‘61) I pue ‘[eo13ins ‘K1931ns
(4O1) ueIpoN daneradoisod (T18) E\wv_ ¢'81> ySromiopup) 110409 2A130dsonay T ‘Tedrpauwt | JBIPIBD-UON [8] uewonyuLy
(0€-01) 0T 91 F ¥S E\wx O< 198290 A[pIqIO
(0€-01) 01 I F 6S LD E\mv_ 6'6£—0¢ 95290
(0¥—01) 02 v1 F €9 /B 6'67-0°ST_BPMING
(0€-0) 01 61 F+ €9 /3 6'7—G 8T JYSIoM [EULION
(0€-01) 0¢ ST F729 “(00) LU/8) §'81> ySromIopup) A v
€LET
I SdVS 110400 9A130dsonay [eo131ng syuaned v [01] AemeiseN
SFII 81 F 6V w/3y Og< 95990
SFI1 ¢ F Sy mw 0g> :989qO-UON
J[eos
BWOD MOISB[D) (ZTH7) 101U09-3s8) jduniagg ewnen jung [¢Z] araaN
Yl + ¢v CL F <9 (181) E\mv_ 0€< 98990
vl F ¢ Y1 F 69  (985) ;W3 64§ §1 UB1om [euIoN
[eo13Ins [ §<< UOIIB[IUIA
II-SdVS (£9L) 101mu02-3s8) pue [edIpa]A [edTUBYIIN [z€] yneorog
(9€1°7) ,W/3Y Op< :059q0 A[pIGION
611°L) ;W/3Y OF—0€ 98990
(991°11) E\@_ 0£—SC WS1eMIaAQ
(corzn) E\@ ST-0TYSIoM [EULION
popraoxd popraoxd (OL¥LE) [eo13ans LAseqeiep
jou IR jou BlR(] Gvo ) E\wv_ 0> ySremIispun 110400 9A110dsonay pue [edIpS]N N D] 10edur 109fo1g [0Z] Aerquuaiy,
6'L1 F TOE vI F +S w3y Op< 25990 A[PIGIOJY
7'LT F 60¢ 91 F 8¢ 6'6€—6¢ :(II sse[d) 9s2qQ
€L F €1¢ ST F09 (ScTs° 8 E\mv_ 6'7£—0°0¢ (I SSe[d) 95290
SLT F ¥'CE LT F 29 w/3Y 6'67—ST JSMINQ
6'Ll F I'vE 61 F 79 6'7C—S ST IYSIOM [BULION
T8I F ¥LE 61 F 9 @v €) JW/3Y ¢8> ySremropup)
(9L1°8¥) [eo13ans Loseqerep
II SAVS 310409 aAnpoadsonoy pue [edIpa]A (D] 1oedur joafoig [L] SreN
9L F I'6l 81 F ¥t (LT1) Jw/Sy Op< :9s0q0 A[PIqION
¢l F90¢ ¢ F 9 Amm: E\wx 0g> :989q0-UON
Y <
11 oyoedy (6¥77) [0nU0d-3s8) NOIN uolssIwpe ] [1¢] yros-14
ugIpaw Io ugpaw Io
ds F ueow ds F uesuwr (u T8107) BLIOIID
Ssau[[I JO AIL19AQS By (1) sdnoi3 juoneq ugisop Apm§ ad£y ND1 juowI[oIug SQ0UAIRJOY

K1039380 XopuI ssew Apoq Aq sonsLoeIRyd ApmiS | d[qel,



1156

0l + €2 ST FSS (seD E\wx 6'6€-0°G¢ (IT sse[d) 95990
6 F IC 81 F ¥€ Aﬁmv E\mx 6'7€—0¢ (I sse[d) 95990
6F 1T 81 F €6 (ves) wa\@ 6'67—0'ST WSPMIAQ
6 F IC ITF S (1€9) ,Wy/sY 6'47—S ST IYSIoM [EULION
6 F CC ¥T F 8¥ 0F1) JW/3Y §'81> IYSomIapu()
yieap
(5€8°T) urelq Io sunqg
I dHDVdV 110400 29A130adso1g [eo13ans-[eoIps]y  3dooxe syuaned [y [z1Ipoomepry
0TI + 8¢ LT F+ Sy (79) ,w/3Y OE< 98990
9Cl F TVC 1T+ (so1°1) NE\%M 0g> :959qo-UoN A v
L9TT
SST 110409 aATpoadsonoy euIneIy, sjuaned [Ty [11] oryooryoog
(F1) w/3Y Op< :959q0 A[PIGIOIN
(S2) ;w/3 0¥—9¢ 98990
(L9) a\@ SE-1¢ WSPMIAQ
S0 F 8l ¥'1For 962) we\ﬁ 0£-9C ‘[ewlIoN
€0 F 6l 80 F Iy (919) ;w/3Y g> ‘JySremIapup) ®16)
816
II AHDVdV 110400 9A1103dsonay rUINRI], syuoned v [8Z] ueqry
€6 14 ANNC%E\MM GE< 98990
'S 144 (LSO'T) [Ww/3Y Gg> :959q0-UON _
i<
6L0°T) 21008 KJLI9AQS
SSI 110409 9A1ds0onY ewnel], Amfur ym ewneiy, [L2] seuikg
€l + 1¢C 81 + 9% Amwmv%ﬁ\wx 0€< 195990
¢l FIC 0C F Sv (0L8) [W/3Y (0g> :959q0-UON A v
€SI°T
SSI 110400 9A10adsonay ewnelry, BUINRY JUN[g [97] umorg
06 F T8I 91 F LS (FST) W/ Op< :952q0 A[PIQION
L'SFOLI LT F+ 79 Gomv E\mx 6'6£-0°0¢ 95990
€6 F ¢8I 91 F 9 (s89) we\mv_ 6'67—0°ST ISPMIdAQ
€8 F T8I 0T F 79  (£99) ;W/3Y 0'¥T—00C JYSIoMm [eUION
6’8 F ¥'81 61 F+ S9 (0s¢) E\mx 07> y3romiapup) A V
8Y1C
I HHDVdV 110400 9ATO3ds01d [BIIPIN 4 $7< Aeis 0D [v¢] Aoy
(#6—82) 8¢ (FL—LS) §°S9 (LT E\wx 0€< 98990
(€5-60) 6¢ (LL—9S) 69 (9Lp) wa\@ 6'60-0'ST_ UBPMIAQ
(15-827) 8¢ (SL-8%) 9  (908) ,W/3Y 6+C—S'§1 IYSIOM [eULION
(65-60) 1 (€L-S¥) 29 681) ;U/3Y 81> ySromIopup)
[eo13Ins—[eorpaux
(869°T) T pue ‘[eoIsins [6]
11 SdVS 110409 9A130adso1q T ‘[edopaw ¢ Y 8p< Aels ND] SBIFIN-9Isnoiren)
T8C F 0¢L 91 F 6t (612) E\wx 0'0€< 95990
¥'LTF 89L 81 F €€ #S0) wﬁ\mx 6 om 0°ST WYSeMIsAQ
VLT F T8L 81 F ¢S (b€E) ;W/3Y 646 81 JYSToM [eULION
(L08) [eo13ans gl
III HHOVdV 10yod 9Andddsoney pue [edSIpaA qlomipu SAAV [gz] ueug.0
(96-L27) 9¢ (TL-L¥) 8S +(865) NE\ME LT< 98990
ugIpaw Io ueIpaul Io
ds F ueowr ds F ueow (u T2107) BIIONID
SSaU[[I JO AILIOAQS By (1) sdnoi3 juoneq u3isop Apmi§ ad&y NI juowjoIug SQOUAIRJOY

peonunuod | Jqe],



1157

Sdv

papraoxd jou eie(g

papraoxd jou el

(68) ,W/SY Op< :952qo0 AIpIQIOIN
{iLo) /BN 6'6€-0€ 9590

(675) /3N 6'67-0°ST MBI
(499 Na\wv_ 67681 yStom [euLoN

(#S) Tw/3y OF < :959q0 K[PIGION
(€81) ;W/3Y 6'6£-0°SE 95290

(L£D) /3 6'pE-0°ST MBMIDN0
(10¢) a\mv_ 677581 IYSOM [BULION
“(09) LW/3Y ¢8> ySomIspup)

(TST) Jw/8y 0g< 98990
(8LD) ;W/3Y 6 67-0'ST MWBIAMIAQ

(987) ;w

/3 ¢Z> yS1om [ewIou IO Ew_uéowcb

(asL'n
110409 9A10dsonay

(Sz8)
110400 9A10adsonay

(91,) 10Y0d 2Andadsoiq

9] < 2I02s
K110A9s Amfur
ynm sjuaned

BUWINRL], ewnen junpg [12] 11omaN
100l01g
Amfur Sun|
Auno) 3ury
[eo13ans ur Amfur Suny

pue [BOIPIJA  dIndE M sjudned [#2] SLLION

U 8y<
[eATAIDS pUEB G[<
21008 AJLIQAQS

ewmel], Amfur gy ewnery, [0€] erserD

620 F 89°0 6Vl F 9°¢S (1€D) JW/8Y OF< 28990 K[PIGION
8C°0 F 650 €91 F 0'8S mommv /3 6°6£-0€ 195290
620 F 650 L9T F ¥'6S (66€) /sy m 67—0°ST SOMIAQ
8C°0 F 850 SLIF 019  (h¥9) E\wu_ 6'77—G'81 IYSIoM [EULION
620 F €50 Tl F ¥79 “(89) LU/8) §'81> ySromIopup)
Joedur 100foxd
Aniqeqoxd (88+°1) [eo13ins ur Amfur Sunp
[BATAIDS T SAVS 110409 9Andadsonay PpuUB [BJIPIJA  INdO® PIM Sjudned [€1] uoug.O
el F 9¢ 0C F 9% (6T1) ;W3 < 28990
€1 F ¥C °C F 6¢ (199) NE\%M 0g> :989qo-uoN
Amfur
urelq onewnes
(069) mia sjuaned
SSI 110405 9A1dadsonoy BwInel], rwIner) junig [62] umorg
08 F t'61 91 F 19 (¥S) W/3Y GE< :9s0qo0 A[a1oA0g
L'8 F 661 T F €9 Amt /3 6'H€-0€ 195290
6'LF 661 9T F+ ¥9 (1S1) /3y m 62-0°ST SemIPAQ
6L F 661 0cF 19 (621 E\wv_ 6'7¢—S"81 IYSIoM [eUION
0’8 F 8°0C 91 F+ 9 QNV LW/3Y ¢'g1> ySromiopun
II AHOVdY (€6%) 10y0d 2AnDadsord  [edISIms-[edIpaIN syuaned (v Fg > LEX |
6 F Tt LT F €S (€6) ;W/8Y Op< :9s9qo AIpIqION
ueIpaw 1o ueIpow JIo
ds F ueaw ds F ueaw (u 2101) BLIOJLIO
SSQUI[I JO AJLIOAQS gy (1) sdnoi3 juoneq u3isop Apmis ad&y DI juowijoIuyg SQOUQIRJOY

ponunuod | Jqe,



1158

4,
13
3$ 2 ded
t [l oVl
ive cohor one pr inclu-
tativ only dies ce
sen es, stu ren
repre studi irteen refe. ht)
ing a ntrol Thirt to a weig
haVl _CO. [32]. red nder bese
as case-c on mpar u -obe
sessed he three definiti ries co luding sus non tudies
as f t ase tego (exc e ver e s ith
P 35]. ((12: quate CBMI Caweight red ObeSan d thr;tients w
‘B an a ultiple rmal_ compa ients, eight pz)_
= d m no dies at erw /m
3 de of studie ht) p s OV 0 kg
SN roup seven welg versu K (23
[ £ tients, undelr Weightf obesity
a .
s (including o category o
o e (inc red n ateg Loible
¢ |3 £ only a single ¢ he dligible
& % § nly a for t orte N
= A 2 0 mes ies rep besity
58 g Z ital outco ix stud bid o ent
cw g 2 2 . ita 4. Si mor justm
245 5 o ality hosp ble 4. or m k adj lated
'g == E o Mort d other d in Ta obesltyfter I1s not re was
E ize : s :
% E 8 = 1jty an mariz etween tallty 2 sity wa dies it o
» - = Morta e sum tion b 1 mor s. obe r stu 35]. T‘g
5 5 ies ar ia ita dies, 0 fou 12, [8—
S Rz die ssoc hosp stu in 9 es
-z = Stu, ive a Jor ten 4] or N [8’ s tcom .CS’
2 2 ositiv and 3]. In 1,3 ality ity ou e or{
|8 < and 2500 " o dosted tod e B e Bospial
= 2 3 1,25, 23,2 L-adJu djuste other igher
| E _ B¢ [11, 20, ris isk adj to ad h at
SE| = N I (7, 19"v€ from eport ri mpared /m?) h dies th
58 = A a5 Q < tective ot r Co 5 kg ine stu vely,
<Es a8 2 Fdies did e 35]5 (<I18. 9, 13]. d nine rosplve .
Q > -9, n ity,
g"“& =& 2 stu 12, 13’t patien dies [7 eight a results, ortality ight,
2 E= 5 g 10, igh r stu m lity U m rwe
o DD:_% = derwe in fou ta fro mOrta. h IC unde to the
~ g 2 z un ality ml d da spital Wit aring ects bese
& E?& gﬂ\' g mor\;,e POOS and ho (Fig. 2).(;6 Comé)ese subtjality’ © ight
o %l & .. > ided IC ries -fferen. ly o mor 1 we
g —o o U k) ide tego t di rbid y ital rma 92)
B Eg%%) N provBMI C? nifican and mo'th hospsus e 0.59, Oends
= oo ., | g by S1g se, Wi ver: al, g tr d
i gfna = 8 found r.10ht’ obe ubjects‘ortalit}_’ le interv SimllalﬁbSerVe
- v =2 g5 £ OVerWa%veight Swer m Cred_lbniﬁcant’ were 39, 95%
z | gggg = rmal weight s 6 9% rality also RR 0.89, (RR
g ® 288 2 ationts RR 0.7 a’tisticallymortall eight '(dl)’ obes eight
z = X welg
g : E Paﬁents ( not st hospita I Overw morb{le under rtality
- E 2 pz}though reased ates 1f %7) andts whi pital mo eight
5 ®© A dec stim - jects, hos 1w d
.8 =) Il ard led e 0.74, Subj ed orma nge
s tow 00 1, 0. 04) increas he n ity ra _
~ = : e po: val, 1. inc t eity er
f =z mn t};ble 1““51, 0.66, towardg9) Verslflseterogego% (un§6%
5 £ Cfgg. 95% da trélndo 86, liistic for mal) to d from 1) for
o E E 0 ’ ha C [ 2 sta nor . an rma :
S 15 = jiects % I S. 1ty norm n
2 E 5 R o, b obese v oy, v caution
B on 1 (0)
= 3] £ = (R ce g orbi for I 939 ed ant
20 &@ S eferen o (m al) to ¢ need ort
SE | Y fom 505 v ol o e
— S~ :'QE ioht ; tvs. indi S
'gg o~ ig g welgerwelgl;rtahty lestimate
= ;50% = (un, ital m pooledudies-
23 he hosgpretlngs the st ersus
=29 ences acron tilation bese v 26,
52 ence ical ven ion in dies [10, ity
3 EEE chanic ntilati n studie obesity
qé EO z B g . n Of me 1 lung ve in seve anaIYSISl’ Ventllan
= |z 53 is: I repoﬂeidjustedechang‘:; petveen
© 5 4848 g 9o f me s was -risk of m ionshi din
= g £z £5 Pl rate o tient non rate elatio foun
s '%8%53 SE,E The se pa In a iher.enor. was
Sz oS g2 2:% £3 £ hon-ob e33—311]'with 7 h3%] i ventilation
'§,9§og38%=9 ag% 27, 31, ciate ies [27, ical v
- 40 5 5 8 s 2 ’ SO die an
5 Eé%%go s £5 was 'aStwOStllOfmech
E g e 222 ion in rates
3 S & £85% t MI and
55 €'§§ B
= é? <
Q
=
= —
B=| (o)}
= % =
o (9]
9 Q =
= =
- g =)
[F) 2] wn
2 | &
< ~
[



1159

Table 2 Quality of included cohort studies based on modified Newcastle-Ottawa Scale [17, 18]

References Selection Comparability Outcome
Cohort Non-exposed Ascertainment Outcome not Adjustment Assessment Length of  Adequate of
representative? cohort of exposure  present at for of outcome follow-up  follow-up
adequate? clear? start of study? confounding/ blinded? appropriate? of cohort?
bias?
Marik [7] No Yes No Yes Yes Yes Yes Yes
Finkielman [8] No Yes No Yes No No Yes Yes
Goulenok [33] No No Yes Yes Yes No Yes Yes
O’Brien [23] No Yes No Yes Yes Yes Yes Yes
Garrouste- No Yes No No Yes No Yes Yes
Orgeas [9]

Ray [34] Yes Yes Yes No Yes Yes Yes Yes
Brown [26] No No Yes No Yes No No Yes
Byrnes [27] No No No No No No Yes Yes
Nasraway [10] No Yes Yes Yes Yes No Yes Yes
Alban [28] No No No Yes Yes No Yes Yes
Bochicchio [11] No No No Yes Yes No Yes Yes
Aldawood [12] No Yes Yes Yes Yes No Yes Yes
Peake [35] Yes Yes Yes Yes Yes No Yes Yes
Brown [29] No No No No Yes No Yes Yes
O’Brien [13] Yes Yes Yes Yes Yes No Yes Yes
Ciesla [30] No No No Yes Yes No Yes Yes
Morris [24] No Yes No Yes Yes No Yes Yes
Newell [21] Yes Yes Yes Yes Yes No Yes Yes
Smith [19] No Yes No Yes Yes No Yes Yes

Table 3 Quality of included case control studies based on modified Newcastle-Ottawa Scale [17, 18]

References  Selection Comparability Exposure
Adequate  Representative Control ~ Control Adjustments  Ascertainment Ascertainment Non-response
case cases? selection  definition for of exposure of control similar rate for cases
definition? adequate? appropriate? confounding/ adequate? for cases and and controls

bias? controls? similar?

El-Solh [31] No No No No Yes Yes Yes Yes

Bercault [32] Yes No Yes Yes Yes Yes Yes Yes

Neville [25] No No No No Yes Yes Yes Yes

remaining studies. No study reported a risk-adjusted
analysis of duration of mechanical ventilation by weight
category. Five studies reported a longer duration of
mechanical ventilation for obese versus normal weight
patients [24, 26, 29, 31, 35] while three other studies
reported no difference (Table 4) [12, 33, 34]. In our
pooled analysis, we found no difference in the duration of
mechanical ventilation comparing each weight category
to normal weight patients (Fig. 3). The sensitivity anal-
ysis of our results (i.e., removing those studies without
estimates of standard deviation) did not change these
findings. The P statistic for heterogeneity in the mean
differences comparing the overweight and obese subjects
to normal weight subjects is 74 and 58%, respectively,
indicating the need for caution in interpreting these
pooled estimates. However, for the underweight and
morbidly obese comparisons the I* statistic was 10%

indicating a low level of statistical heterogeneity across
studies.

Length of hospitalization

No study reported a risk-adjusted analysis of hospital
length of stay by weight category. Twelve studies repor-
ted that obese patients had a longer ICU and/or hospital
stay [7-9, 11, 24-26, 28-31, 33] while four studies found
no difference [12, 13, 28, 34, 35] and one study found a
shorter duration of ICU and hospital stay in obese versus
normal weight controls (Table 4) [10]. In our meta-anal-
ysis, there was little difference in duration of ICU and
hospital length of stay for overweight and obese patients
versus normal weight controls (Fig. 4). For both under-
weight and morbidly obese subjects versus normal weight
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Table 4 Relationship between obesity and hospital outcomes

References Sample ICU Hospital Mean £ SD or median (range) Main findings

size mortality mortality
Days of MV Days in ICU Days in hospital

El-Solh [31] Not reported Morbid obesity not associated
Non-obese 117 16.7% 46 7.1 5.8 £82 11.3 £ 10.8 with risk-adjusted hospital
Morbidly 132 29.9% 7.7 £9.6 93 £10.5 17.7 £ 19.8 mortality

obese
P =0.019 P < 0.001 P < 0.001 P = 0.007

Marik [7] Underweight (but not other

Underweight 3,465 14.4% 24.8% Data not provided 4.4 £ 6.9 13.7 £ 17.3 BMI categories)
Normal 18,592 11.4% 18.7% 4.1 +65 11.2 £ 26.8 independently associated
weight with hospital mortality
Overweight 14,108 10.2% 15.4% 42+£7.0 10.5 £ 30.4
Obese 6,525 9.9% 14.5% 44 £7.7 13.0 £ 153
(class I)
Obese 2,813 9.1% 13.1% 44 +£72 13.1 £ 14.7
(class II)
Morbidly 2,673 10.4% 15.3% 5288 145 £212
obese
P < 0.001 P < 0.001 P < 0.001 across P = 0.007
across across groups across groups
groups groups
Tremblay [20] 41,011 Data not Data not Data not provided Data not provided Data not Only underweight (vs. normal
provided provided provided weight) category
independently associated
with risk-adjusted hospital
mortality

Bercault [32] Obesity was an independent

Normal 586 17% Data not Data not provided Data not provided Data not risk factor for ICU
weight provided provided mortality (OR, 2.1; 95%
Obese 181 32% CI, 1.2-3.6, P = 0.007).
P <0.01 Obesity associated with
higher rate of ICU
acquired complications
(OR, 4.0; 95% CI, 1.4—
11.8, P = 0.01)

Neville [25] Obesity was an independent
Non-obese 63 Data not provi 9% Data not provided 11 + 10 21 + 17 predictor of hospital
Obese 179 ded 32% 10£9 24 £ 23 mortality (OR, 5.7; 95% CI

P = 0.008 P =0.65 P =047 1.9-19.6, P = 0.003)
Finkielman [8] Postoperative Underweight had higher
median (95% adjusted hospital mortality
CI) (postoperative patients,
Postoperative 2.1; 95% CI, 1.4-3.3,
group P = 0.0005; non-
Underweight 384 9.4% Data not provided 1.54 (0.85-3.02)  Data not operative, OR, 1.5, 95%
provided CI, 1.1-2.0, P = 0.005).
Normal weight 3,461 3.8% 1.03 (0.81-2.08) Obese postoperative
Overweight 3,878 3.1% 1.04 (0.82-2.17) patients had lower hospital
Obese 2,718 2.4% 1.03 (0.81-2.07) mortality (OR, 0.7, 95%ClI,
Morbidly obese 774 2.3% 1.57 (0.84-2.54) 0.5-0.9, P = 0.019).
Non-operative Underweight (P = 0.04)
Group and morbidly obese
Non-operative (P < 0.0001)
group postoperative patients had
Underweight 428 21.5% 1.71 (0.87-3.80) ICU LOS observed versus
Normal weight 2,945 16.1% 1.65 (0.87-6.62) predicted ratio
Overweight 2,692 16.2% 1.63 (0.90-3.58) significantly higher than
Obese 1,947 16.4% 1.73 (0.91-3.71) patients with normal BMI
Morbidly obese 442 14.0% 1.94 (0.92-4.34)
Goulenok [33] ICU mortality for obese
patients was higher than
predicted by SAPS II (32
vs. 18%; P = 0.0001)
Non-obese 215 13% Data not 3 (2-8) 3 (2-7) Data not
provided provided
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Table 4 continued

References Sample ICU Hospital Mean £ SD or median (range) Main findings

size mortality mortality
Days of MV Days in ICU Days in hospital
Obese 598 32% 4 (2-9) 4 (2-8)

O’Brien [23] No difference in risk-adjusted

Normal 334 Data not 28% Data not provided Data not provided Data not hospital mortality by BMI
weight provided provided category

Overweight 254 13%

Obese 219 27%

Garrouste-Orgeas BMI < 18.5 kg/m? was
[9] independently associated
Underweight 189 28.5% 43.9% 6 (4-14) 20 (10-40) with hospital mortality
Normal 806 22.4% 31.8% 6 (4-14) (OR 1.6, 95% CI, 1.1-2.4,

weight P = 0.01); BMI >30 kg/
Overweight 476 19.3% 29.9% 6 (4-11) 20 (10-37) m? was protective of
Obese 227 18.0% 25.1% 6 (4-13) 20 (11-38) hospital mortality (OR 0.6,
7 (4-19) 25 (14-48) 95% ClI, 0.4-0.9,
P =0.03 P = 0.0005 P =0.01)

Ray [34] BMI not an independent
Underweight 350 4.3% 9.1% 52 +6.7 49 +69 11.9 £+ 14.6 predictor of ICU or
Normal 663 11.0% 15.5% 50+59 42 +£58 11.1 £11.2 hospital mortality. No
weight relation between BMI and
Overweight 585 12.0% 17.4% 53+£59 47+ 6.8 12.2 £ 13.8 rates of complications
Obese 396 6.0% 10.1% 52+6.6 44 +£59 11.0 £ 99
Morbidly 154 7.8% 11.0% 51+£53 48 +£7.0 12.8 £ 13.7

obese
P =0.977 P = 0485 P =0.250

Brown [26] ISS < 16 Obesity was independent risk
Non-obese 438 3% Data not 6+£9 10 £ 10 19 £ 17 factor for hospital
Obese (combined) 5% reported 8+ 13 13+ 14 24 + 21 mortality (OR 1.6; 95% CI,

ISS 16-25 (P =0.07) P = 0.005 P =0.01 1.0-2.3, P = 0.03)
Non-obese 331 11%
Obese (combined) 13%

ISS > 25
Non-obese 384 39%

Obese (combined) 49%

Byrnes [27] Data not Mortality rates higher for
Non-Obese reported obese than non-obese
Obese 1,057 4.1% 7.2 6.1 4.7 patients. Nearly 27% obese

122 10.7 9.8 8.7 7.0 patients developed
P = 0.003 P =031 P = 0.045 P = 0.001 complications compared
with 17.6% of non-obese

patients (P = 0.02)

Nasraway [10] ICU and hospital mortality
Underweight 70 7.7% 19.2% Data not provided 3.2 (1.5-6.7) 13.0 (7.0-21.0) increased in morbidly
Normal 529 18.9% 23.2% 2.4 (1.1-5.1) 10.0 (6.0-18.0) obese patients versus all

weight other weight groups
Overweight 408 7.6% 10.2% 2.1 (1.0-4.9) 9.0 (6.0-17.0) combined (ICU, 33.3 vs.
Obese 272 6.8% 8.1% 2.1 (1.0-4.1) 9.0 (5.0-15.5) 12.3%, P = 0.009;
Morbidly 94 33.3% 33.3% 2.0 (1.0-4.5) 6.0 (4.0-15.0) hospital, 33.3 vs. 16%,
obese P = 0.045)
P =0.27 P = 0.0003

Alban [28] (Means) (Means) Obesity not related to hospital
Underweight 516 7.5% Data not Data not provided 5.0 14.0 mortality based on
Normal 296 8.1% provided 44 12.3 univariate and multivariate
weight logistic regression analysis
Overweight 67 7.5% 6.0 14.0
Obese 25 8.0% 7.0 14.6
Morbidly 14 7.1% 6.8 134
obese

P =025 P =0.56
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Table 4 continued

References Sample ICU Hospital Mean £ SD or median (range) Main findings

size mortality mortality
Days of MV Days in ICU Days in hospital

Bochicchio [11] Obesity (OR, 4.2; 95% CI,
Non-obese 1,105 Data not 15% Data not provided 11.6 =9 15+ 12 2.5-7.1, P < 0.01) and
Obese 62 provided 21% 19.4 + 15 25 +£ 22 morbid obesity (OR, 8.8,

P < 0.001 P < 0.001 95% CI, 4.6-11.1,
P < 0.001) associated with
adjusted hospital mortality

Aldawood [12] Morbid obesity was an
Underweight 140 16% 30% 10+ 15 9+ 15 41 £ 49 independent predictor of
Normal 631 17% 30% 9+ 12 8§+ 12 42 £ 52 lower mortality after

weight adjusting for confounding
Overweight 524 17% 30% 8+ 12 8§+ 11 44 £+ 54 factors (OR, 0.51, 95% CI,
Obese 312 17% 26%* 8+ 10 7+9 36 £ 49 0.28-0.92, P = 0.25)
(class I)
Obese 135 17% 27% 8+ 10 7+9 41 £ 47
(class II)
Morbidly 93 12% 21%** 11 £21 10 £ 18 39 £+ 46
obese
P = 0.044
versus
normal
weight*
P =0.039
normal
weight**
Peake [35] (12-month) Median hours Median(IQR) Median (IQR)  Based on accelerated failure
(IQR) time analysis,
Underweight 24 25.0% 43.5% 36.5 (18.0-109.0) 2.6 (1.3-9.4) 13.9 (10.3-30.7)  BMI > 35 kg/m” was
Normal 129 15.5% 39.5% 36.0 (15.0-141.0) 2.4 (1.1-6.4) 13.4 (6.3-32.3) associated with 30 day
weight (time ratio, 1.85, 95% ClI,
Overweight 151 13.2% 38.1% 51.9 (20.5-118.0) 3.2 (1.7-5.9) 11.8 (7.9-22.5) 1.05-3.26, P = 0.025) and
Obese 75 20.0% 41.9% 42.3 (17.5-120.5) 2.4 (1.0-6.9) 13.9 (7.6-19.6) 12 month (TR, 1.03, 95%
Morbidly 54 9.3% 20.8% 67.0 (19.5-170.5) 2.9 (1.4-7.7) 16.7 (8.1-29.9) CIL, 1.005-1.06, P = 0.19)
obese survival
P>02 P>02 P>02

Brown [29] Obesity not an independent
Non-obese 561 25% Data not 6 11 20 predictor of mortality (OR,
Obese 129 36% provided 10 14 27 1.5 (95% CI, 0.9-2.6,

P =0.01 P =0.04 P = 0.06 P =0.10)

O’Brien [13] The odds of hospital
Underweight 88 38.6% 54.6% Data not provided 12.0 + 10.4 24.6 =+ 20.4 mortality were decreased
Normal 544 31.8% 41.0% 11.6 + 12.7 24.7 + 23.6 for overweight (OR, 0.72,

weight 95% CI 0.51-1.02,
Overweight 399 30.6% 35.6% 11.2 £ 11.7 247 £ 293 P = 0.067) and obese
Obese 326 23.0% 30.4% 11.9 £ 11.0 269 +£ 232 (OR, 0.67, 95% CI, 0.46—
Morbid 131 22.1% 29.0% 14.1 £ 15.6 26.8 +27.1 0.97, P = 0.033) patients.
obesity Underweight associated
P =0.180 P = 0.095 with higher hospital
mortality (OR 1.94, 95%
CL 1.05-3.60, P = 0.035).
No differences in
discharge location between
BMI classes

Ciesla [30] No difference in adjusted

Non-obese 564 11% Data not Data not provided 16.1 & 0.6 20.1 £ 1.6 hospital mortality between
provided obese and non-obese
Obese 278 7% 213+ 14 252+ 14 patients (OR, 0.79, 95%

CI, 0.39-1.58, P = 0.499).
Of survivors, 61% of non-
obese and 74% of obese
patients transferred to
long-term acute care
facility (P = 0.009)
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Table 4 continued

References Sample ICU Hospital Mean £ SD or median (range) Main findings

size mortality mortality
Days of MV Days in ICU Days in hospital
P < 0.001 P =0.02
Morris [24] No mortality difference
Underweight 50 Data not 44.0% 9.2 £10.9 10.8 £ 11.1 182 £ 153 between BMI groups. In
provided survivors, morbidly obese
Normal 301 40.5% 8.7 £ 10.7 11.8 £ 13.1 194 £ 172 had > hospital LOS
weight (14.3 days, 95% CI, 7.1-
Overweight 237 36.7% 104 £ 11.5 13.5 £ 13.0 21.8 £ 174 21.6, P < 0.001), ICU
Obese 183 31.7% 83+ 84 10.7 £ 94 19.0 £ 17.1 LOS (5.6 days, 95% CI,
Morbidly 54 25.9% 10.8 + 12.7 153 £ 147 29.8 +41.3 1.3-9.8, P = 0.01) and
obese duration of MV (4.1 days,
P=0.13 P =023 P =028 95% CI, 0.4-7.7,
P = 0.03) versus normal
weight. Morbidly obese >
likely to be discharge to a
rehabilitation or skilled
nursing facility

Newell et al. [21] No difference in adjusted risk

Normal 554 Data not 9.2% 4.5 4.8 11.7 of mortality across BMI
weight provided categories
Overweight 529 10.8% 43 4.9 12.6
Obese 371 11.1% 7.4 7.5% 16.6*
Morbidly 89 10.1% 9.2%% 10.4%%* 22.0%%*
obese
P = 0.962 P < 0. 0001 P < 0.0001 P < 0.0001
normal versus normal versus normal versus
morbidly obese* obese*
obese**
P < 0.0001 versus P < 0.0001
morbildy morbildy
obese** obese**

Smith [19] No independent association
Underweight 36 Data not 14% Data not provided Data not provided Data not between increased BMI
Normal 258 provided 19% provided and mortality

weight
Overweight 240 22%
Obese 191 21%
Morbidly 82 24%
obese

MYV mechanical ventilation

subjects, there was a non-statistically significant trend
toward longer mean ICU and hospital length of stays
(underweight: 0.40 days, 95% CI, 0.01, 0.78 days and
1.39 days, 95% CI, -0.53, 2.67 days, respectively and
morbid obesity: 0.77 days, 95% CI, —0.14, 2.03 days and
1.36 days, 95% CI, —2.08, 5.52 days, respectively). The
sensitivity of our results (i.e., removing those studies
without estimates of standard deviation) changed the
pooled results for only morbidly obese patients such that
there was a significant association with increased duration
of ICU and hospital stay (1.2 days, 95% CI, 0.5, 2.2 days;
and 2.9 days, 95% CI, 1.1, 4.3 days, respectively). For all
comparisons, the I statistic for heterogeneity was <40 and
<13% for ICU stay and hospital stay, respectively, indi-
cating consistency of results across studies and the utility
of pooling the results across studies.

Other complications

The association of obesity with any other complications
of critical illness was reported in only 7 of the 23 studies
(Table 5). Neville [25] reported that obesity was associ-
ated with a higher risk for multi-organ failure while
Brown et al. [26] found that the frequency of renal failure,
deep venous thrombosis, multi-organ failure, and ARDS
was higher in obese versus with non-obese patients.
Higher rates of deep venous thrombosis and multi-organ
failure, but not ARDS and renal failure, in obese versus
non-obese patients were confirmed by these investigators
in a subsequent investigation of patients with traumatic
brain injury [29]. Ciesla et al. [30] found that obese
trauma patients were more likely to develop multi-organ
failure than non-obese patients after risk adjustment, but
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Fig. 2 Forest plots showing the relative risk of ICU and hospital
mortality comparing underweight, overweight, obese, and morbidly
obese patients to the normal weight patients. For each comparison,

found not difference in the incidence of ARDS or renal
failure. These existing studies have important limitations
since the sample size was often small, the definition of
ICU complications poorly defined, and only a non-obese
control group (including underweight patients) was used.
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we display the Bayesian pooled estimate of relative risk with 95%
credible intervals calculated using maximum likelihood estimation

Long term outcomes

Only 1 of 23 studies investigated patient outcomes after
hospital discharge, reporting that obesity was associated
with improved risk-adjusted survival at 1 year after
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Fig. 3 Forest plots showing the estimated difference in mean days
of mechanical ventilation comparing underweight, overweight,
obese and morbidly obese patients to normal weight patients. For
each comparison, we display the Bayesian pooled estimate of
difference in mean days with 95% credible intervals calculated
using maximum likelihood estimates

critical illness [35]. The proportion of patients discharge
to a secondary care facility was reported in only 3 of 23
studies [13, 24, 30]. Moreover, no data were reported
regarding objective measures of ICU survivors’ physical
function, mental health, or quality of life.

Discussion

In our meta-analysis of the impact of obesity in critical
illness, we found that, compared with normal weight
patients, obese and morbidly obese patients have no sig-
nificant difference in ICU mortality, and obese patients may
have lower hospital mortality. We found no significant
association between obesity or morbid obesity with dura-
tion of mechanical ventilation, but morbid obesity may be
associated with longer ICU and/or hospital stay. Impor-
tantly, we found very little research investigating the impact
of obesity on patient outcomes after hospital discharge.
There are several explanations for a potential associ-
ation between obesity and lower hospital mortality after
critical illness including high levels of anti-inflammatory
adipokines such as interleukin-10 and leptin that might
positively modulate deleterious inflammatory processes
[36]. High cholesterol and lipid levels common in obese
patients might confer benefits during sepsis by binding
endotoxins or by providing necessary precursors for
adrenal steroid synthesis during acute illness [36]. Higher
body weight has been further suggested to afford a
nutritional reserve that becomes important for survival
during acute life threatening illness [2]. Moreover, in
some institutions, obese patients might be admitted to the
ICU regardless of severity of illness given the need for
higher nurse staffing not available elsewhere in the hos-
pital. In a risk-adjusted cohort investigation, Bercault
et al. [32] studied obese patient requiring mechanical
ventilation >48 h. The risk of ICU mortality was double
in the obese versus normal weight control group sug-
gesting that, after considering severity of illness, obesity
may be associated with mortality. Nonetheless, in studies
that performed risk-adjusted analysis (Table 4), there
were conflicting findings on whether obesity was inde-
pendently associated with mortality after critical illness.
Due to the marked variation in data reporting, we could
not adjust for severity of illness in our meta-analysis.
Our results can be compared with the findings from the
two other meta-analyses of obesity and mortality after
critical illness. Akinnusi et al. [1] searched the literature
up to February 2007 combining data from 14 studies with
62,045 patients. Consistent with our findings, these
authors reported that obesity (BMI >30 kg/m?) was not
associated with crude ICU mortality and that obese
patients had lower hospital mortality than non-obese (BMI
<30 kg/m?) patients (RR 0.83, 95% CI, 0.74, 0.92).
However, they reported that in obese versus non-obese
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Fig. 4 Forest plots showing the difference in mean days in the ICU
and hospital comparing the underweight, overweight, obese and
morbidly obese patients to the normal weight patients. For each

patients, there was a longer duration of mechanical ven-
tilation (1.48 days, 95% CI, 0.07, 2.89,) and ICU length of
stay (1.08 days, 95% CI, 0.27, 1.88). Oliveros et al. [2]
pooled data from 12 of 23 studies that they identified in a
literature search up to June 2007. Similar to our study,
these authors compared mortality using a normal weight
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comparison, we display the Bayesian pooled estimate with 95%
credible intervals calculated maximum likelihood estimates

reference group (BMI 18.5-24.9 kg/m?). However, they
did a combined analysis of ICU and hospital mortality and
found a lower mortality for overweight (odds ratio 0.91,
95% CI, 0.84, 0.98) and obese (odds ratio 0.82, 95% CI,
0.68, 0.98), but not morbidly obese (OR 0.94, 0.82, 1.07)
patients. Moreover, ICU length of stay was longer for
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underweight, overweight, and morbidly obese patients. In
addition to separately examining ICU and hospital mor-
tality, our study is distinguished from that of Oliveros
et al. [2] by including the recently published 807 patient
study by Smith et al. [19], and by combining operative and
non-operative patients in the study by Finkielman et al.
[8]. Furthermore, we excluded the studies by De Waele
et al. [37] and Duane et al. [38] because we believed these
studies were not limited to ICU outcomes. Finally, unlike
this prior study, we excluded the 37,470 patient studied by
Tremblay et al. [20] to prevent duplicate inclusion of the
overlapping patient population with the 48,176 patient
study by Marik et al. [7].

We were surprised that we did not find a relationship
between obese patients and increased duration of
mechanical ventilation. Obese patients are prone to ate-
lectasis, aspiration, and pneumonia that may increase the
duration of mechanical ventilation [5, 6]. Furthermore,
obese patients have reduced lung and chest wall compli-
ance leading to high airway resistance interfering with
implementation of low airway pressure lung protective
ventilation schemes for patients with acute lung injury
(especially when ventilator settings are not based on ideal
body weight) [23, 39]. Given the marked heterogeneity of
the data and the lack of risk adjustment for potential
differences in severity of illness between obese and nor-
mal-weight patients, the interpretation of the impact of
obesity on duration of mechanical lung ventilation
remains unresolved.

The improving mortality from critical illness is plac-
ing increasing emphasis on understanding the long-term
outcomes of ICU survivors particularly since such
patients might have physical and mental impairment and
reduced quality of life after hospital discharge [15, 40—
42]. Outside the context of critical illness, obesity is
associated with high rates of disability, and functional
impairment [4, 43-45]. Furthermore, obese individuals
are reported to have higher levels of anxiety, depression,
and lower scores for self-perceived health than non-obese
subjects [46, 47]. With the exception of Peake et al. [35]
who reported 1 year mortality, this review revealed the
lack of data regarding the impact of obesity on outcomes
after hospital discharge. Few studies evaluated whether
obesity was related to need for nursing home placement
or in-patient rehabilitation after critical illness [13, 24,

48]. Only one study evaluated whether obesity impacted
functional outcome after hospital discharge, but the
assessments were limited to whether a patient was inde-
pendent, dependent, or deceased [20].

Although our analysis included over 80,000 patients,
the varying definitions of obesity and heterogeneity among
the included studies created limitations with conducting
and interpretation the meta-analysis. We found substantial
statistical heterogeneity within our analysis suggesting
that a large degree of the differences in outcomes of
obesity in the eligible studies might be explained by
patient characteristics (other than BMI) across the studies.
Most studies did not present risk-adjusted analyses of the
association of BMI and duration of mechanical ventilation
and ICU and hospital stay. Moreover, the meta-analysis
could not consider any risk adjustment for differences in
patient populations between the studies due to variation in
the severity of illness scoring systems used and the lack of
reporting of severity of illness data by BMI category.
Moreover, we could not adjust for patient age in our
analysis, an important limitation since obese patients tend
to be younger than non-obese patients. Other limitations to
the existing studies include high (>30% in some studies)
or unknown rates of missing data, imprecise measurement
of BMI (often estimated or based on patient-reported
data), failure to account for the effects of fluid balance on
body weight leading to “pseudo-obesity” in some sub-
jects, varying definitions of outcomes, and incompletely
defined control groups.

In conclusion, our meta-analysis of studies evaluating
the effect of obesity in critical illness suggests that obesity
and morbid obesity does not adversely impact ICU mor-
tality. Obesity may be associated with lower hospital
mortality compared with normal body weight. Obesity
was not associated with the duration of mechanical ven-
tilation or ICU or hospital length of stay. However,
morbid obesity may be associated with longer ICU and
hospital length of stay. There is a critical deficiency of
data on the influence of obesity on complications of
critical illness and patient outcomes after hospital dis-
charge. Given that obesity is common, costly, and
associated with substantial morbidity and mortality in the
general population, efforts to understand the impact of
obesity on ICU care, complications and long-term out-
comes after critical illness should be a research priority.
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