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Introduction: Obesity is a risk factor for many health conditions and complications but may be
regarded as a prognostic factor in other conditions. This has been described as the “obesity
paradox.” The debate whether this paradox exists across all health conditions is a hot topic of
research, which is why this review aims at systematically analyzing reviews on the obesity paradox
to explore where it holds true and help guide further research and clinical implications.

Methods: PubMed was searched using the key term “obesity paradox™ with a systematic review
and meta-analysis filter with no restriction on the date.

Results: A total of 40 reviews were included. Most of the reviews included observational cohort
studies focusing on various health conditions such as cancer, atrial fibrillation, stroke, heart failure,
acute coronary events, dialysis, chronic diseases, surgery, etc. The obesity paradox appeared to
exist in all reviewed health conditions except for solid tumors, where there was no obesity paradox
regarding mortality or treatment toxicities. The obesity paradox relationship, however, was not
homogeneous across the health systems, and the relationships were described as linear, U-shaped,
or J-shaped (the latter two being the most common).

Conclusions: The relationship between obesity and health outcomes is not straightforward as
obesity is sometimes a risk factor for worse outcomes and other times associated with improved
mortality. Hence, there is a need for randomized controlled trials to validate why and in which
diseases the obesity paradox exists and understand its pathophysiology. Meanwhile, patients with
obesity remain a challenge in the clinical context and need special attention to address their obesity
and control their risk factors.
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INTRODUCTION a prognostic factor in other conditions. This

has been described in the literature as the
Obesity is considered a risk factor for many “obesity paradox”. Obesity was correlated
health conditions and complications, yet it is with improvement in mortality outcomes in
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sepsis compared to patients with a lower
Body Mass Index (BMI) '**. This decrease in
overall mortality has also been validated in
other healthcare conditions, such as in
pulmonary arterial hypertension >, Chronic
Obstructive Pulmonary Disease (COPD) ©,
and burn patients ’. Although obesity is
linked to a higher incidence of atrial
fibrillation, patients with obesity hospitalized
for atrial fibrillation had lower in-hospital
mortality and lower odds of acute stroke
events than patients who are non-obese °.
Patients who are obese with diabetic foot
ulcers were less likely to have amputation
rates, yet morbid obesity was a risk factor for
increased rates of sepsis °. Patients with
obesity or morbid obesity admitted for
intracerebral hemorrhage were associated
with lower in-hospital mortality yet are at
increased risk for tracheostomy or
gastrostomy '°. Other conditions were not
affected by obesity. For example, obesity was
not linked to worse outcomes, including
disease recurrence, inpatient and long-term
mortality among older patients admitted for
acute pancreatitis !'. In patients receiving
extracorporeal life support, obesity did not
influence mortality but was associated with a
shorter stay '2. The literature is vast and
reports a broad and varied spectrum of the
effect of obesity on different conditions. With
this debate about whether the obesity paradox
exists across different health conditions, this
review will systematically analyze the
published reviews about the obesity paradox.
The objective of this review of reviews is to
explore whether the obesity paradox exists
across different health conditions regarding
mortality and other health outcomes. This
review will set the stage to understand better
the obesity paradox and guide further
research and clinical implications.

METHODOLOGY
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PubMed was searched using the key term
“obesity paradox” with a systematic review
and meta-analysis filter with no restriction on
the date. We found that almost all the articles
were dated back to 2012. This search was
limited to articles since 2012. A total of 46
articles were retrieved and read in-depth by
both Dr. Jumana Antoun (JA) and Dr.
Roxane Assaf (RA). Six articles were
excluded as they were either irrelevant or
duplicates. This review includes a total of 40
articles. An excel sheet was prepared to
extract the data from the articles that included
the following items: year of publication,
healthcare disease or condition, nature of the
review, number and type of studies included
in the review, the total number of participants
in the review, level of bias in the included
studies in the review and description of the
health outcomes.

RESULTS

A total of 40 reviews were included (Table
I). Most of the reviews focused on
cardiovascular  diseases and included
observational cohort studies. Yet, the reviews
covered various health systems: cancer (4
reviews), atrial fibrillation (4 reviews), stroke
(3 reviews), heart failure (7 reviews), acute
coronary events (2 reviews), dialysis (3
reviews), chronic diseases (3 reviews),
surgery (4 reviews) and others.

The obesity paradox existed almost in
all reviews except for solid tumors, where
there was no obesity paradox regarding
mortality or treatment toxicities.
Nevertheless,  the  obesity  paradox
relationship was not homogeneous across the
health systems since the reviews have either
measured the relationship between mortality
and BMI as a continuous variable or between
mortality and obesity groups. The
relationships found in the reviews were
linear, U-shaped, or J-shaped. In most of the
U-shaped and J-shaped relationships between
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BMI and mortality, the nadir for the least
mortality was found in overweight; however,
the nadir was for the obesity group in very
few reviews.

While overweight and obesity were
associated with better survival and less
mortality, patients with obesity had higher
wound infections, increased risk for kidney
disease, longer duration on ventilation,
increased cardiac surgery complications,

Table 1: Summary of the reviews

REVIEW ARTICLE

increased risk for heart failure, and higher
risk for lower limb ischemia. On the other
hand, patients with obesity or overweight
may have favorable health outcomes other
than mortality, such as better efficacy of
Direct Oral Anticoagulants (DOAC), lower
risk of bleeding in patients with atrial
fibrillation, and less Forced Expiratory
Volume (FEV) decline in patients with
COPD.

No of
studies
(No of
observa
tional
studies/
No of
Rando
mized
Control
Trials)

Total no of
patients

No System Year | Type of

review

Bias/Quality
of Studies

Mortality Outcome 1 Outcome 2

Cardiovascular

27 | Acute
(13) | Coronary
Syndrome
(ACS)

26 218,532
©

¥10C

sIsA[eue BN

No
publication
bias

Patients with
over-weight,
obesity, and
severe obesity
had lower
mortality
compared with
those with
normal BMI—
R=0.70 (95 %
CI 0.64-0.76),
RR 0.60, (95 %
CI0.53-0.68)
and RR 0.70
(95 % CI1 0.58-
0.86),
respectively)

13 | Stroke
(14)

17 381,921
(17/0)

S10T

sIsAJeue BN

Moderate or
high quality

Non-linear
associations of
BMI with all-
cause mortality
(P <0.0001)
and mortality
by stroke
(P=0.05) were
observed.
Among
overweight and
obese stroke
patients, the
risk of all-cause
mortality
increased, while
the risk of
mortality by
stroke declined,
with an increase
in BML
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24 | Percutaneo
(15) | us coronary
intervention

S10T

SISAJeU-RIOIN

22

242,377

Not
mentioned

In-hospital
mortality is
significantly
lower in
overweight and
obese groups
(RR: 0.67; 95%
CI: 0.63-0.72
and 0.60; 95%
CI: 0.56—

0.65, P<0.0000

1.

1-year follow-
up for mortality
is significantly
lower in
overweight and
obese groups
(RR: 0.62; 95%
CI: 0.55-0-71
and 0.57; 95%
CI: 0.52-0.63,
P<0.00001)
respectively as
compared to the
normal-weight
patients after
PCIL

Long-term
(more than one
year) mortality
in the
overweight and
obese patients
is still
significantly
lower (RR:
0.70; 95% CI:
0.64-0.76,
P<0.00001 and
RR: 0.80; 95%
CIL: 0.71-0.91,
P=0.0006)
respectively.

26 | Post

(16) | percutaneo
us
Coronary
intervention

S10T

SISAJRUR-BIOUI PUB MATAJI JTJRWI)SAS

100

884,190

No
publication
bias

Mortality
among the
obese patients
and the smokers
showed an
unexpected
paradox after
coronary
intervention.
RR of high
BMI: 0.61 (in-
hospital
mortality), 0.67
(short term),
0.64 (long term
mortality), p-
value = 0.00001
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28
(17

Post-acute
myocardial
infarction

910T

SISA[eue-eIN

20
(20/0)

82,076

Good quality

Comparing a
healthy weight
group to a
combined
overweight and
obese group,
the pooled RRs
were 0.72 (95%
CI: 0.57-0.90)
for in-hospital
mortality, 0.39
(95% CI: 0.28—
0.55) for short-
term mortality,
0.66 (95% CI:
0.55-0.78) for
medium-term
mortality and
0.68 (95% CI:
0.57-0.81) for
long-term
mortality.

Obesity is
associated with
neither an
increased nor a
decreased risk
of death in
patients after
acute
myocardial
infarction (MI)
compared with
overweight
patients

30
(18)

Cardiac
surgery

910T

SISA[RUB-BJOUI PUB MITADI OTJRWIA)SAS

One
large
registry
and 26
observa
tional
cohort

557,720

High quality

U-shaped
association
between
mortality and
body mass
index classes
was observed
with lower
mortality in
overweight
(adjusted odds
ratio, 0.79; 95%
confidence
interval, 0.76—
0.83) and obese
class T and 1T
(odds ratio,
0.81; 95%
confidence
interval, 0.76—
0.86; and odds
ratio, 0.83; 95%
confidence
interval, 0.74—
0.94) patients
relative to
normal-weight
patients.

A U-shaped
relationship
was observed
for stroke and
low cardiac
output
syndrome but
not for renal
replacement
therapy or
deep sternal
wound
infection.
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25 | Percutaneo
(19) | us coronary
intervention

910T

SISA[RUR-BJOUI PUB MITADI OTJRWIA)SAS

12
(12/0)

91,582

No
publication
bias

Short-term (30
days) mortality
in overweight
and obese
patients was
significantly
lower compared
to the normal
weight patients
with RR: 0.72;
95 % CI: 0.56-
0.92, p=0.008
and RR: 0.47,
95 % CI: 0.34-
0.65;p <
0.00001
respectively.
The long-term
(> one year)
mortality was
also
significantly
lower in the
overweight and
the obese
groups with
RR:0.74, 95 %
CI: 0.67-0.82; p
<0.00001 and
RR: 0.63, 95 %
CI: 0.55-0.72; p
< 0.00001
respectively

An intensive
medication use
after the
hospital
discharge and
during the
follow-up
period after
PCI was
observed in
the subgroup
of obese
patients,
followed by
the overweight
patients and
the normal-
weight patients
respectively

23 | Coronary
(20) | artery
bypass
grafting

910T

sisAjeuejow

14
)

79,140
patients

No
publication
bias

Only
overweight and
not obesity was
associated with
lower short
term (OR=0.85,
0.74-0.98,
p=0,.03)
midterm-long
term mortality
(OR=0.90,
084-0.96,
p=0.001).
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32 | Vascular o w |8 92,525 Medium to Patients with Patients with
(21) | surgery % E (8/0) high quality obesity were obesity were
g associated with associated
g lower mortality | with a higher
2 (odds ratio wound
2 [OR], 0.64; complication
% 95% confidence | rate (OR, 2.39;
interval [CI], 95% CI,
0.541- 1.777-
0.757; P < 3211, P<
.0001), cardiac .0001)
morbidity (OR, | compared with
0.81; 95% CI, normal
0.708- patients.
0.938; P =
.004),
and respiratory
morbidity (OR,
0.87; 95% CI,
0.802-
0.941; P =
.0006) after
vascular
surgery
compared with
patients of
normal weight.
14 | Stroke o w | 25 - Not Fewer mortality | Favorable Obesity
(22) = E mentioned rates in stroke effect on the paradox was
~ g patients with recurrence of not found in
g higher BMI in stroke, MI, or acute stroke
2 10/12 studies vascular death | patient treated
g with IVT
% (Intravenous
Thrombolysis)
29 | Transcathet o s w 16 14,882 Good quality | Paradox exists No effect on
(23) | eraortic = <3 é (16/0) for thirty-day life-
valve ~ z g mortality OR threatening
implantatio g B 0.95[0.93,0.97, | bleeding,
n for aortic é 2 p<0.001 major vascular
stenosis “ %_ complications,
g acute kidney
2 injury
o cerebrovascula
r events, or MI
11 | Lower limb o w | 31 75,738 Not Better results Greater
(24) | ischemia = ﬁ (30/1) mentioned for prevalence in
(LLI) *© g endovascular overweight and
2. and surgical obese patients
S treatment in
%_ patients with
g overweight
and class I
obesity
Assaf et al. www.ajhm.org
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31
(25)

Post
cardiac

surgery

810C

SISA[RUR-BJOUI PUB MITADI OTJRWIA)SAS

52
(30/22)

740,514

No
publication
bias

A reverse J-
shaped
association
exists between
in-hospital
mortality rates
after cardiac
surgery and the
different BMI
groups with
overweight and
class I obese
patients
showing the
lowest
mortalities.

Overweight and
obese patients
had similar or
slightly lower
in-hospital
mortality rates
after cardiac
surgery
compared with
normal-weight
individuals.

Postoperative
complication
rates increased
with higher
BMI levels.

22
(20)

Coronary
revasculariz
ation with
percutaneo
us coronary
intervention
(PCI) or
coronary
artery
bypass
grafting
(CABQG)

810C

SISA[eue-eIN

65
(65/0)

865,774

Good
quality, no
publication
bias

A U-shaped
association was
observed across
BMI categories
for all-cause
mortality.
Using normal
weight as the
reference, all-
cause mortality
was lowered in
patients with
overweight,
obese, and
severely obese.

The risk of
major adverse
coronary
events
(MACE) was
lowest among
patients with
overweight.

Risks of
myocardial
infarction,
cardiovascular-
related
mortality,
stroke, and
heart failure no
significant
association
was observed
among
individuals
with higher
BMI as
compared to
patients with
normal BMIL

15
@7

Subarachno
id
hemorrhage

020T

MITADI OTJRWIA)SAS

(6/0)

Low quality

Mixed results
about paradox
about short
term mortality,
long term
mortality;
Paradox
positive for
long term
overall survival

Assaf et al.
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12 | Stroke
(28)

120¢

SISA[RUB-BJOW PUB MIIASI OJBWISAS

33
(33/0)

84,660

Not
mentioned

Obesity was
associated with
longer survival
in ACUTE
ischemic stroke
patients than
normal weight,
the pooled HR
of mortality
was 0.75 (95%
CI: 0.64-0.88)

Obesity and
overweight
were associated
with longer
survival in
MIXED-stroke
patients (acute
ischemic stroke
combined with
one or more
other stroke
subtypes) than
normal-weight
with pooled
hazard ratios
(HRs) of
mortality were
0.77 (95%
confidence
interval [CI]:
0.71 to 0.83)
for obesity,
0.76 (95% CI:
0.72-0.80) for
overweight.

Atrial Fibrillation

7 | Atrial
(34) | Fibrillation

L10T

SISAJRUR-BIOUI PUB MATAI JTJRWI)SAS

13
(8/5)

High quality

Both patients
with
overweight
and obesity
have a lower
risk for
stroke/systemi
¢ embolic
event (odds
ratio [OR],
0.75; 95%
confidence
interval [CI],
0.66-0.84 and
OR, 0.62; 95%
CI, 0.54-0.70,
respectively)

For major
bleeding, only
patients with
obesity were at
lower risk
compared with
patients with
normal weight
(OR, 0.84;
95% CI, 0.72—
0.98

8 | Atrial
(35) | Fibrillation
(AF)

L10T

MIIADI OTJRUIN)SAS

61
(57/4)

1,307,563

Not
mentioned

Lower all-cause
mortality in AF
patients with
overweight
compared to
those of normal
weight or who
are
underweight.

Assaf et al.
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9 | Direct oral o w |9 - Moderate to - DOACS have
(36) | anticoagula ] E 2/7) high quality better efficacy
nts vs < g and safety
Warfarin in g profiles than
atrial 2 warfarin in
fibrillation 2 patients with
g normal weight
g and
S‘ overweight
Q. and are not
E inferior to
EL warfarin in
el obese patients.
10 | Anticoagul o w |9 - No Significantly Significantly Compared to
(37) | ated ] é (5/4) publication lower risks of lower risks of anticoagulated
patients - g bias all-cause stroke or AF patients
with atrial 2 mortality (RR systemic with normal
fibrillation S 0.73, 95%CI embolism (RR | BMI,
2 [0.64-0.83]; 0.80,95%CI | anticoagulated
2 RR 0.61, [0.73-0.87]; | AF patients
g 95%CI [0.52— RR 0.63, who are
;‘ 0.71]; and RR 95%CI [0.57— | overweight and
(<3 0.56, 95%CI 0.70]; and RR obese, had
z [0.47-0.66], 0.42, 95%CI lower risks of
Ei respectively) in | [0.31-0.57], (1)major
'z anticoagulated respectively) bleeding (RR
“ AF patients in overweight, | 0.86, 95%CI
who are obese, and [0.76-0.991;
overweight, morbidly and RR 0.88,
obese, and obese 95%CI [0.79—
morbidly obese | anticoagulated | 0.98],
compared to AF patients respectively)
patients with compared to and (2)
normal BMI normal BMI intracranial
anticoagulated | bleeding (RR
AF patients 0.75, 95%Cl1
[0.58-0.97];
and RR 0.57,
95%CI1[0.40—
0.80],
respectively)
Heart Failure
20 | Heart o 8z 14 23,967 Not Mortality in
(38) | failure = E_: o | (14/0) mentioned both HF
= Z. s subtypes was
< U-shaped, with
a nadir at 30.0—
349kgm 2

Assaf et al.
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16 | Heart o w | 6 22,807 Not Risk for Risk for CV
(39) | failure (HF) = E (6/0) mentioned cardiovascular hospitalization
< g (CV) mortality | was lowest in
g was lowest in patients with
2 patients who overweight
g are overweight | (RR 0.92, 95%
g (RR 0.79, 95% CI 0.86 to
B CI10.70 t0 0.90) | 0.97)
o
= . .
o Increasing Increasing
E degree of degree of
= obesity failed to | obesity failed
el achieve a to achieve a
* statistically statistically
significant significant
effect on CV effect on
mortality (RR hospitalization
0.82,95% CI (RR 0.99, 95%
0.64 to 1.03, C10.92 to
and RR 0.71, 1.07, and RR
95% C10.50to | 1.28,95% CI
1.01, for obese 0.88 to 1.87,
and severely for obese and
obese, severely
respectively) obese,
respectively).
17 | Heart o w | 10 - Moderate to Better survival
(40) | failure = E (9/1) high quality in persons with
m g higher BMI,
2. Waist
E Circumference
s (WC), or
g Triceps
Skinfold
thickness (TSF)
19 | Heart o w | 75 44,564 Not Overweight and | Higher BMI Overweight
(41) | failure = E (72/3) CHF mentioned obesity are increases the and obesity do
@ g incident associated with | risk of CHF by | not affect the
2 cases the reduction of | 15-70%, outcome of
2 among mortality in especially invasive CHF
2, 2,560,753 congestive h when treatment.
% participants heart failure associated
(CHF) by 24— with severe,
59% and 15— long-lasting,
65%, and abdominal
respectively. obesity.

Assaf et al.
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21
42)

Heart
failure with
preserved
ejection
fraction
(HFpEF)
and Heart
failure with
reduced
ejection
fraction
(HFtEF)

610C

SISA[eue-eIN

10
(10/0)

96,424

No
publication
bias

For patients
with HFpEF,
the summary
hazard ratio
(HR) for all-
cause mortality
was: 0.93 (95%
CI10.89-0.97)
per 5 units
increase in BMI
(but the
association was
U-shaped with
the nadir of risk
ata BMI of 32—
33 kg/m2).

For patients
with HFrEF,
the summary
HR for all-
cause mortality
was: 0.96 (95%
C10.92-0.99)
(The
relationship
was also U-
shaped
although
‘flatter” than for
HFpEF, with
the nadir at a
BMI of 33
kg/m2

18
43)

Heart
failure

020T

SISA[euBIOW

PUB MIIADI OTJBWIA)SAS

20

Good quality

A U-shaped
relationship
curve was
observed
between CV
mortality and
BMI; the
overweight
cohort
experiencing
the least CV
mortality

J curve
relationship
between BMI
and risk of
heart failure
max risk in
morbid obese
1.73[1.3 to
2.31 p<0.001]

Cancer

@9

Renal cell
carcinoma

910T

SISA[euB-BIIA

(8/0)

10,512

The quality
of the
articles
ranged from
high,
moderate to
low quality

The association
of BMI with
cancer-specific
survival (CSS)
and overall
survival (OS)
was non-linear
(P<0.0001,
P=0.004,
respectively).
Each unit
increase in BMI
over 25 was
associated with
decreased OS.

Assaf et al.
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5 | Lung o z 15 15,191,571 | Good quality | A nonlinear
(30) | cancer = 9] association
~ S between BMI
= and the risk of
el lung cancer
s mortality was
found.
Participants
with higher
BMI have a
lower risk of
lung cancer
death than slim
people.
Combined
relative risks
per Skg/m2 in
BMI for risk of
lung cancer
mortality is
0.94 (95%
confidence
interval] 0.92—
0.96), and a
nonlinear
association was
found (P
nonlinearity <.0
001).
6 | Lung o w | 25 78,143 Good quality | Significantly No significant
(31) | cancer = é (25/0) lower mortality | benefit of
surgery ~ g rate in patients increased BMI
2 with obesity on in-hospital
2 (OR: 0.78; 95% | morbidity
g CI: 0.63-0.98; | when BMI
g P=0.031) was measured
8 as continuous;
;‘ but there was a
[} decrease in
% overall
< morbidity
g among obese
patients
OR=0.84
(0.73-0.98,
p=0.025)
2 | Solid o w | 18 7273 No association No impact of
(32) | tumors ] E (18/0) between BMI BMI on the
- g and survival incidence of
2 outcomes treatment-
2 related
2, toxicities in
g melanoma,
NSCLC, and
solid tumors.

Assaf et al.
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(33)

Kidney
cancer

120¢

SISA[RUR-BJOUI PUB MITADI OTJRWIA)SAS

34

50,717

The
methodologi
cal quality of
the studies
was good in
most of the
studies, but 2
were poor
and 2 were
fair.

Compared to
patients with
normal BMI,
patients who
are overweight
and obese were
associated with
improved (1)
cancer-specific
survival (HR
0.85,95% CI
0.79-0.93).

(2) progression-
free survival
(HR 0.68, 95%
CI10.59-0.78)
and (3) overall
survival (HR
0.66, 95% CI
0.55-0.79)

Renal/H

pertension

39
(44)

Hemodialys
is

414

sIsA[eue BN

(4/0)

81423

Low quality

Elevated BMI
(BMI >25, OR
0.67,95% CI
0.65-0.68) had
lower all-cause
mortality.

In a risk-
adjusted
sensitivity
analysis,
elevated BMI
levels (adjusted
hazard ratio
0.94, 95% CI
0.92-0.96)
remained
protective
against
mortality

38
(45)

non-
dialysis-
dependent
chronic
kidney
disease

S10T

SISAJRUR-BIOUI PUB MATAI JTJRWI)SAS

14
(14/0)

484,906

Medium to
high quality

In stage 3-5
chronic kidney
disease (CKD),
overweight or
obese class |
was associated
with a lower
risk of death;
however,
obesity classes
1I and III were
not associated
with risk of
death.

Reanalysis of
the largest
available study
showed that a
higher BMI
was associated
with an
incrementally
higher risk of
kidney disease
progression;
however, this
association
was attenuated
in our pooled
results.

Assaf et al.
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40
(46)

Peritoneal
Dialysis

910T

SISA[RUR-BJOUI PUB MITADI OTJRWIA)SAS

13
(13/0)

213,403

High quality

Underweight
was associated
with higher 1-
year mortality
but had no
significant
association with
2- and 3- to 5-
year mortalities.

Overweight or
obesity was
associated with
lower 1-year
mortality, but it
had no
significant
association with
2-, and 3- to 5-
year mortalities

33
(47

Hypertensi
on

810C

MITADI OTJRWIA)SAS

14
(14/0)

489,222

Medium to
high quality

S-unit
increment in
BMI was
associated with
an 8%
reduction in the
risk of all-cause
mortality
(Pooled RR:
0.92,95% CI:
0.87,

0.97, P=10.003;
12 =95.7%,
n=13), and
marginally and
inversely
associated with
the risk of
cardiovascular
mortality
(Pooled RR:
0.95,95% CI:
0.88,
1.02,P=0.15;1
2=90.3%,
n=>5).

A reverse J-
shaped
association
between BMI
and risk of all-
cause and
cardiovascular
mortality, with
a nadir at BMI
of ~27.5—

30 kg/m2.

Others

Assaf et al.

www.ajhm.org

15



AJHM Volume 5 Issue 3 (July-Sept 2021)

REVIEW ARTICLE

(48)

Fitness and
Physical
Activity

S10T

MITADI OTJRWIA)SAS

15
(15/0)

261472

Selection
and
methodologi
¢ bias

Increasing BMI
had a non-
positive
association with
all-cause
mortality, with
the persistence
of the obesity
paradox despite
adjustment for
physical
activity or
cardiorespirator
y fitness.

34
(49)

Type 2
Diabetes
Mellitus
(DM)

L10T

SISA[eue-eIRN

18
(18/0)

537,966
(Sixteen
cohort
studies on
all-cause
mortality (n
=445,125)
and two
studies on
cardiovascu
lar
mortality (n
=92.841)

No
publication
bias

A non-linear U-
shaped
association was
observed
between BMI
and all-cause
mortality
among patients
with type 2
diabetes with a
BMI nadir of
28-30 kg/m2.

The risk of
cardiovascular
mortality
exhibited a
gradual non-
linear
increase for
BMI > 31
kg/m2, with a
BMI nadir of
29-31 kg/m2
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35 | Mechanical o w | 23 199,421 | Good quality | Higher BMI is Obese subjects | Hospital length
(50) | ly = Z | (14/9) associated with | had of stay (LOS)
ventilated * g lower mortality | significantly did not differ
adults in an g and longer longer between obese
intensive 2 duration on duration on and non-obese
care unit 2 mechanical mechanical patients (MD
(ICU) % ventilation ventilation 0.05, 95% CI -
B In comparison than non-obese | 0.52 to 0.50, 12
S‘ to non-obese group (mean =80%).
o patients, obese difference
ﬁ: patients had (MD) 0.48, Obese patients
EL lower ICU 95% C10.16— had longer ICU
el mortality (odds | 0.80,12= LOS than non-
“ ratio (OR) 0.88, | 37%), obese patients
95% CI10.0.84— (Mean
0.92, 12 = 0%), difference-
hospital MD 0.38, 95%
mortality (OR CI10.17-0.59,
0.83,95% CI 12 = 70%).
0.74-0.93,12 =
52%), short-
term mortality
(OR 0.81, 95%
CI10.74-0.88,
12 =0%) as
well as long-
term mortality
(OR 0.69, 95%
CI0.60-0.79,
12 = 0%).
All 4 mortality
measures were
higher in
underweight
subjects than in
subjects with
normal BMIL.
36 | COPD o w |5 33,021 | Good quality | - The rate of
(51) % % | (055) FEV1 decline
g decreased with
2. increasing
o
é_ BMIL
a
<
%’_
2
®
@
37 | Sepsis o w |9 1,895,323 | Good quality | Lower sepsis
3) § Z | 90 mortality
g among obese
2. patients in the
g first 30 days
= and 1 year
a
€
This review of reviews regarding the obesity
paradox has shown that obesity has a
DISCUSSION favorable effect on mortality almost in all
reviews that cover a diverse set of health
conditions, including stroke, heart failure,
Assaf et al. www.ajhm.org 17
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atrial fibrillation, post-cardiac
revascularization, kidney failure, and others.
The relationship between BMI and mortality
was J-shaped or U-shaped. This highlights
the fact that obesity is not a homogenous
disease state. Overweight and class I obesity
seem to have the best prognosis. Most of the
studies use BMI as a measure of obesity; this
is what led some to argue that a better term
would be “BMI paradox” rather than “obesity
paradox” (52). Many of the patients studied
in the literature were elderly where BMI may
not be the best estimate of obesity or fat
content. In a prospective analysis of 23603
consecutive hospitalizations over two years,
obese patients had a similar or lower risk of
in-hospital all-cause mortality, non-schedule
readmission in 14 days, and length of stay as
compared to patients with a normal BMI
(52). Yet, in the same study, high body fat
based on BMI, age, and gender were
associated with a higher risk of all-cause in-
hospital mortality and readmission (52).
Moreover, obesity may be accompanied by
malnourishment. In one study, patients with
morbid obesity and malnourishment were 11
times more likely to have pressure ulcers than
patients with morbid obesity alone (53).
Finally, age is an important contributor to this
protective effect of BMI in specific
outcomes. In an analysis of 22903
hospitalizations, the protective effect of BMI
on death, length of stay, and adverse
outcomes after discharge was not present in
the youngest cohort but was significant in the
older cohort only (54). Similarly, a subgroup
analysis has shown that the strength and
shape of the association between BMI and
all-cause mortality in patients with
hypertension might be influenced by age
(47).

What does the obesity paradox mean
in our clinical practice? Do we stop advising
patients to lose weight when they are obese
and have disease complications? Is the
observed improved mortality among patients

Assaf et al.
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with obesity related to a more intensive
treatment of their risk factors and conditions?
One review has shown that intensive
medication use was observed after hospital
discharge and during the follow-up period
after PCI in the subgroup of patients with
obesity followed by overweight and patients
with normal weight (19). Intentional weight
loss by bariatric surgery was associated with
improvement in cardiac function in patients
with obesity (43). Finally, the non-linear
relationship between obesity and mortality
has shown that overweight and class 1
obesity may have more favorable outcomes
than other obesity classes. Is this a call to
avoid aggressive weight loss attempts in this
group of patients? Is this the time to relook
into BMI groups and redefine the normal?
The lack of RCTs in the reviews and the non-
homogeneous use of obesity groups and BMI
in the data analysis will leave us with more
questions than answers.

LIMITATIONS

The search was restricted to PubMed with
limited keywords; nevertheless, the current
review of reviews still included a good
number of reviews (40 reviews). None of the
reviews addressed the pathophysiology of the
obesity paradox, although the authors of the
reviews included possible explanations of the
obesity paradox from statistical aberrations
(example, BMI and age) to the role of
inflammation and adipose tissue.

CONCLUSION

Obesity is related to better survival and lower
mortality across diverse health conditions
while increasing the risk for other health
outcomes. There is a need for clinical
randomized controlled trials to validate this
benefit and understand the pathophysiology
behind the obesity paradox. Meanwhile,

www.ajhm.org 18
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patients with obesity remain a challenge in
the clinical context and need special attention
to address their obesity and control their risk
factors.

Notes
Potential conflicts of interest: The author reports no
conflicts of interest in this work.

Abbreviations:

- ACS: Acute Coronary Syndrome

- AF: Atrial Fibrillation

- BMI: Body Mass Index

- CABG: Coronary Artery Bypass Grafting

- CHF: Congestive Heart Failure

- CI: Confidence Interval

- CKD: Chronic Kidney Disease

- COPD: Chronic Obstructive Pulmonary
Disease

- CSS: Cancer-Specific Survival

- CV: Cardiovascular

- DOAC: Direct Oral Anticoagulants

- FEV: Forced Expiratory Volume

- HF: Heart Failure

- HFpEF: Heart Failure with Preserved
Ejection Fraction

- HFrEF: Heart Failure with Reduced Ejection
Fraction

- HR: Hazard Ratio

- ICU: Intensive Care Unit

- IVT: Intravenous Thrombolysis

- JA: Jumana Antoun, M.D.

- LLI: Lower Limb Ischemic

- LOS: Length of Stay

- MACE: Major adverse cardiovascular events

- MD: Mean Difference

- MI: Myocardial Infarction

- RA: Roxane Assaf, M.D.

- R2W4ES0L-CT: Randomized Control Trial

- RR: Relative Risk

- OR: 0Odd’s Ratio

- 0OS: Overall Survival

- PCI: Percutaneous Coronary Intervention

- TSF: Triceps Skinfold Thickness

- WC: Waist Circumference
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