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Abstract

BACKGROUND

Cardiogenic shock continues to be a highly morbid complication that affects
around 7%-10% of patients with acute myocardial infarction or heart failure.
Similarly, obesity has become a worldwide epidemic.

AIM
To analyze the impact of higher body mass index (BMI) on outcomes of patients
with cardiogenic shock.

METHODS

A systematic and comprehensive search was undertaken on the electronic
databases of PubMed, Embase, ScienceDirect, CENTRAL, and Google Scholar for
all types of studies comparing mortality outcomes of patients with cardiogenic
shock based on BMI. All studies defined overweight or obese patients based on
the World Health Organization BMI criteria. The data were then extracted and
assessed on the basis of the Reference Citation Analysis (https:/ /www .referencecit-
ationanalysis.com/).

RESULTS

Five studies were included. On pooled analysis of multivariable-adjusted ratios,
we noted a statistically significantly reduced risk of mortality in overweight/
obese vs normal patients (three studies; odds ratio [OR] = 0.92, 95% confidence
interval [CI]: 0.85-0.98, I>= 85%). On meta-analysis, we noted that crude mortality
rates did not significantly differ between overweight/obese and normal patients
after cardiogenic shock (OR = 0.95, 95%CI: 0.79-1.15, I* = 99%). The results were
not stable on sensitivity analysis and were associated with substantial hetero-
geneity.

CONCLUSION
Current evidence on the association between overweight/obesity and mortality
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after cardiogenic shock is scarce and conflicting. The obesity paradox might exist in patients with
cardiogenic shock but could be confounded by the use of mechanical circulatory support. There is
a need for further studies to clarify this relationship.

Key Words: Obese; Overweight; Myocardial infarction; Shock; Mortality

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Cardiogenic shock continues to be a highly morbid complication that affects around 7%-10% of
patients and similarly, obesity is now prevalent around the globe. We reviewed data from five studies to
assess the impact of obesity on outcomes of cardiogenic shock. Pooled analysis of adjusted data indicated
that overweight/obese was associated with a reduced risk of mortality vs normal patients but the same
relationship was not noted in the analysis of crude mortality rates. Thus, current evidence on the
association between overweight/obesity and mortality after cardiogenic shock is scarce and conflicting and
there is a need for further studies.

Citation: Tao WX, Qian GY, Li HD, Su F, Wang Z. Body mass index and outcomes of patients with cardiogenic
shock: A systematic review and meta-analysis. World J Clin Cases 2022; 10(30): 10956-10966

URL: https://www.wjgnet.com/2307-8960/full/v10/i30/10956.htm
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INTRODUCTION

Obesity is a recognized global health problem that has significantly burdened the entire healthcare
system[1]. The epidemic of obesity has touched countries across the globe and more than 2 billion
people are affected by it[2]. According to estimates, the prevalence of obesity has tripled since 1975 and
more than 39% of adults older than 18 years were overweight in 2016[3]. The World Health Or-
ganization (WHO) defines obesity based on measurements of the body mass index (BMI) wherein an
individual with a BMI = 30 kg/m? is defined as obese while BMI = 25 kg/m? is overweight[3]. The
heightened prevalence of overweight and obesity can be attributed to the increasingly sedentary
lifestyle which has affected most workplaces. Lack of physical activity and an unhealthy diet has
significantly increased obesity in the past decade[4,5]. An important implication of high body fat is an
increased risk of metabolic disorders like diabetes mellitus, coronary artery disease (CAD),
cerebrovascular disorders, hypertension, and heart failure[6]. Despite the heightened risk of several
cardiovascular diseases with obesity, recent research has uncovered the prevalence of the “obesity
paradox” which suggests that patients with higher BMI have a better prognosis and lower mortality
rates as compared to normal BMI patients[7]. Niedziela et al[8] in a meta-analysis of patients with acute
coronary syndrome have shown that overweight, obese, and severely obese patients had significantly
lower mortality rates as compared to those with normal BMI. Similar outcomes have been noted by
researchers for heart failure and septic shock[9,10]. Cardiogenic shock continues to be a highly morbid
complication that affects around 7%-10% of patients with acute myocardial infarction (AMI) or heart
failure[11,12]. It is a complex and hemodynamically diverse state of end-organ hypoperfusion which
leads to high morbidity and mortality[11]. While several studies have analyzed the impact of obesity on
outcomes of patients with acute coronary syndrome, it is still unclear how high BMI affects outcomes of
patients with cardiogenic shock. The question that needs to be answered is: Does an obesity paradox
exists in the prognosis of patients with cardiogenic shock or do obese patients have higher mortality as
compared to normal BMI patients? To the best of our knowledge, this research question has been
systematically analyzed by only one review to date. Meng et al[13] in a recently published meta-analysis
pooled data from three studies to assess the association between high BMI and mortality after
cardiogenic shock. An important limitation of their review was that two of the three studies were from
the same database with a considerable overlap of data. To overcome this limitation, we hereby
conducted an updated systematic review and meta-analysis to analyze the impact of high BMI on
outcomes of cardiogenic shock.

MATERIALS AND METHODS

The methodology of our review was based on reporting guidelines of the PRISMA statement (Preferred
Reporting Items for Systematic Reviews and Meta-analyses)[14]. The protocol of the review was
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prospectively registered on PROSPERO (No. CRD42021274841).

Literature search

A systematic and comprehensive search was undertaken on the electronic databases of PubMed,
Embase, ScienceDirect, and CENTRAL. Google Scholar was used to search the gray literature, but only
for the first 200 results of each search query. To minimize single reviewer bias, two authors separately
explored the databases. The search limits were set from the time of inception of databases up to 25"
August 2021. Search terms included were: "obese", “obesity”, "overweight", "body mass index", and
“cardiogenic shock”. Further details of the search strategy which was common for all databases are
presented in Supplementary Table 1. Reference Citation Analysis (https://www.referencecitation-
analysis.com/) was used to supplement the search. After the initial search, the results were
deduplicated and the remaining articles were assessed by their titles and abstracts. We identified studies
relevant to the review and extracted their full texts. The two reviewers independently evaluated these
studies for final inclusion in the review. Any discrepancies in study selection were resolved by
consensus. In the end, manual scoping of the reference list of included studies was carried out for any
missed references.

Eligibility criteria

The inclusion criteria were: (1) All types of studies comparing mortality rates of patients with
cardiogenic shock based on BMI; (2) Studies that clearly defined overweight or obese patients based on
the WHO BMI criteria (i.e., overweight > 25 kg/m? and obese > 30 kg/m?) and compared outcomes with
normal BMI patients; and (3) Language of publication should have been English. We excluded the
following studies: (1) Studies including less than 50 patients; (2) Studies not reporting mortality
outcomes; (3) Non-comparative studies; and (4) Studies reporting duplicate data. If the same database
was used by two studies, we judged the period of overlap. In case of partial overlap, the study was
included and the strength of the results was analyzed by a sensitivity analysis.

Data extraction and quality assessment

Two authors independently extracted the following data: Author details, publication year, study type,
study location, BMI definition, primary diagnosis, sample size, demographic details, comorbidities
(diabetes mellitus, hypertension, chronic kidney disease, dyslipidemia, and cardiovascular disease),
revascularization details, use of mechanical circulatory support (MCS), and study outcomes. The
primary outcome of the study was early mortality defined as in-hospital or 30-d mortality. The method-
ological quality of studies was assessed using the Newcastle-Ottawa scale[15]. It was conducted by two
authors independent of each other. Any disagreements were solved by a discussion. Studies were
assessed for selection of study population, comparability, and outcomes, with each domain being
awarded a maximum of four, two, and three points, respectively. The maximum score which can be
awarded was nine. Studies with a score of 9 points, 7-8 points, and 6 points and below were considered
to have a low, moderate, and high risk of bias, respectively.

Statistical analysis

The meta-analysis was performed using “Review Manager” (RevMan, version 5.3; Nordic Cochrane
Centre [Cochrane Collaboration], Copenhagen, Denmark; 2014). We extracted multivariable-adjusted
odds ratios (ORs), risk ratios (RRs), or hazard ratios (HRs) on mortality rates and pooled them using the
generic inverse variance function of RevMan. The final effect size was calculated as OR with 95%
confidence interval (CI). Crude mortality rates were also extracted from the included studies and pooled
OR was generated. All meta-analyses were conducted using the random-effects model. Heterogeneity
was assessed using the I? statistic. I values of 25%-50% represented low, values of 50%-75% medium,
and more than 75% represented substantial heterogeneity. Funnel plots were not used to assess
publication bias as less than ten studies were available for each meta-analysis. A sensitivity analysis was
carried out to assess the contribution of each study to the pooled estimate by removing one study at a
time and recalculating the pooled effect estimates for the remaining studies.

RESULTS

The search strategy and the number of records at each stage are presented in Figure 1. Based on the
screening criteria, a total of five studies were included in this systematic review and meta-analysis[16-
20]. Details of included studies are presented in Table 1. Three studies[16,17,20] were conducted in the
United States, one in Denmark[18], and one in Pakistan[19]. All, except for one[19], were retrospective
cohort studies. The primary diagnosis was AMI in all studies but the study of Sreenivasan et al[16] also
included patients with heart failure. Two studies[17,20] used the same “National Inpatient database”
from the United States with a partial overlap of data. Patlolla et al[17] and Chatterjee et al[20] used the
database from 2008 to 2017 and 2004 to 2013, respectively. Thus, an overlap of six years was noted in
these studies, albeit with a minor difference. Patlolla et al[17] reported combined data of overweight and
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Ref Location  Type Primary ETs Definition as per Sample  Age  Male Smokers DM HIN CKD DL PCI CABG MCS Follow-
’ y diagnosis BMI (kg/m?) size (yr)  gender (%) (%) (%) (%) (%) (%) (%) (%) (%) up
Sreenivasan etal  United R AMI or HF Severe obesity > 40 8782 59.9 523 NR 64.4 72.2 413 NR 53.2 25.8 100 30-d
[16], 2021 States
Moderate obesity 35-39.9 6862 60.9 68.9 66 77.6 38.4 471 31 100
Mild obesity 30-34.9 10880 62.9 71.2 59.1 754 33.1 54.4 32.2 100
Normal 20-29.9 7111 65.9 71.6 454 65.5 39.8 47 27.5 100
Underweight <19.9 1920 65.6 67.9 30.9 54 30.9 37.3 14.7 100
Patlolla et al[17],  United R AMI Overweight/Obese > 24.9 46675 63.8 60.3 NR NR NR NR NR 53.6 249 49 In-
2021 States hospital
Normal 19.9-24.9 290333 69 64.5 53.6 16.3 457
Underweight <19.9 2356 73.7 49.4 39.8 12.2 27.8
Hermansen etal ~ Denmark R AMI Moderate/Severe >35 42 63 69 68 43 75 NR 55 100 0 17 30-d
[18], 2021
Obesity 30-34.9 131 64 80 82 21 54 34 100 0 15
Mild obesity 25-29.9 391 65.2 82 79 21 55 33 100 0 21
Overweight <25 453 66.1 75 74 13 42 29 100 0 16
Hashmi et al[19],  Pakistan P AMI Obese >30 137 NR NR NR NR NR NR NR NR NR NR In-
2018 hospital
Normal <30 214
Chatterjee et al United R AMI Obese >30 25835 63.1 58.2 343 45.2 68.8 235 548 509 19.6 NR In-
[20], 2017 States hospital
Normal <30 265059 69.4 62.3 24 24.4 50.6 18.9 33.8 479 13.6

AMI: Acute myocardial infarction; HF: Heart failure; BMI: Body mass index; DM: Diabetes mellitus; HTN: Hypertension; CKD: Chronic kidney disease; DL: Dyslipidemia; PCI: Percutaneous coronary intervention; CABG: Coronary

artery bypass grafting; MCS: Mechanical circulatory support; NR: Not reported; R: Retrospective; P: Prospective.
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obese patients whereas Chatterjee et al[20] classified their sample as obese and non-obese only. All the
studies used the WHO classification of overweight and obesity. Two studies[16,17] additionally
classified obesity as mild, moderate, and severe. However, for the meta-analysis, all groups were
combined into a single group of obese patients. The mean age of the patients was above 55 years in the
majority of studies. The percentage of patients undergoing revascularization varied across the included
studies. In the study of Hermansen et al[18], all patients underwent percutaneous coronary intervention
and none underwent coronary artery bypass grafting (CABG). In general, fewer patients underwent
CABG as compared to percutaneous interventions in the remaining studies across obese and non-obese
groups. Two studies did not report data on the percentage of patients receiving MCS[19,20]. In the study
of Sreenivasan et al[16], all patients received MCS while in the remaining two studies, the percentage
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7) did not meet inclusion criteria
Not all patients with cardiogenic

shock (n=1)
Overlapping data (7 = 1)

Studies included in systematic review (77 = 5)

4

Studies included in meta-analysis (7 = 5)
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Figure 1 Study flow chart.
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varied from 15% to 49% across the study sub-groups. Two studies reported mortality outcomes within
30 d while the remaining reported in-hospital outcomes[16,18].

Meta-analysis

Amongst the included studies, three[16,17,20] reported multivariable-adjusted ratios on the relationship
between overweight/obesity and early mortality. On pooled analysis, we noted ae statistically
significantly reduced risk of early mortality after cardiogenic shock in overweight/obese vs normal
patients (OR = 0.92, 95%ClI: 0.85-0.98) (Figure 2). There was significantly high heterogeneity in the meta-
analysis (I?= 85%). Given the high heterogeneity, we conducted a sensitivity analysis by excluding one
study at a time and recalculating the effect size. Results are presented in Table 2. In the exclusion of the
study of Patlolla et al[17] and Chatterjee et al[20], the results indicated no difference in the risk of
mortality in overweight/obese vs normal patients. Second, we also extracted crude early mortality rates
and pooled them in a meta-analysis. Including data from all five studies[16-20], we noted that crude
mortality rates did not significantly differ between overweight/obese and normal patients after
cardiogenic shock (OR = 0.95, 95%CI: 0.79-1.15) (Figure 3). There was significantly high heterogeneity in
the meta-analysis (I*= 99%). On sensitivity analysis (Table 2), we noted that the exclusion of the study of
Sreenivasan et al[16] changed the significance of the results with a reduced risk of mortality in
overweight/obese patients as compared to normal patients. A similar tendency was noted in the
exclusion of the study of Hashmi et al[19].

We were unable to conduct any subgroup analysis to explore the source of high heterogeneity in the
included studies due to the limited number of the included studies. However, a few studies conducted
subgroup analysis in their respective cohorts and their results are descriptively presented in Table 3.
Sreenivasan et al[16] further compared outcomes of obese and non-obese patients based on the primary
diagnosis (acute AMI or heart failure) and age (< 60 years and 2 60 years). On the other hand, Chatterjee
et al[20] conducted a subgroup analysis based on the type of AMI (ST-elevated and non-ST elevated)
and the use of revascularization.

Risk of bias

The risk of bias analysis of included studies is presented in Table 4. Four studies[16,17,19,20] received a
score of 7 while one study[18] received a score of 5.
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Table 2 Sensitivity analysis for mortality rates

Excluded study

Odds ratio

Adjusted mortality rates
Sreenivasan et al[16], 2021
Patlolla et al[17], 2021
Chatterjee et al[20], 2017
Crude mortality rates
Sreenivasan et al[16], 2021

Patlolla et al[17], 2021

0.89 95%CI: 0.87, 0.91 I*= 0%

1.15 95%CTI: 0.67, 2.00 = 93%

1.15 95%CI: 0.67, 2.00 I = 93%

0.79 95%CI: 0.70, 0.89 = 95%

1.12 95%CI: 0.76, 1.67 I* = 99%

Hermansen et al[18], 2021 0.98 95%CI: 0.80, 1.20 = 99%

Hashmi et al[19], 2018 0.83 95%CT: 0.69, 1.00 I*= 99%

Chatterjee et al[20], 2017 1.13 95%CT: 0.80, 1.60 = 99%

Table 3 Subgroup analysis of mortality reported by included studies

Ref. Subgroups Result

Sreenivasan et al[16], 2021  Acute MI only Significantly higher mortality in severely obese patients as compared to normal patients
Acute HF only Significantly higher mortality in severely obese patients as compared to normal patients
Age < 60 years Significantly higher mortality in severely obese patients as compared to normal patients
Age 2 60 years Significantly higher mortality in severely obese patients as compared to normal patients

Chatterjee et al[20], 2017 ST-elevated MI No statistically significant difference in mortality between obese and normal patients

Non-ST elevated MI Significantly lower morality in obese as compared to normal patients
Revascularization group Significantly lower morality in obese as compared to normal patients

Non-revascularization group  No statistically significant difference in mortality between obese and normal patients

MI: Myocardial infarction; HF: Heart failure.

Odds ratio Odds ratio
Study or subgroup Log (Odds ratio) SE Weight IV, Random, 95%CI Year IV, Random, 95%CI
Chatterjee 2017 -0.1165  0.0175 45.9% 0.89 (0.86, 0.92) 2017
Patlolla 2021 -0.1165  0.0116 48.9% 0.89 (0.87, 0.91) 2021
Sreenivasan 2021 0.4447 0.1512 5.2% 1.56 (1.16, 2.10) 2021 —_
Total (95%CI) 100% 0.92 (0.85, 0.98) (]
L 1 1 '

neity: Tau2 = 0.00; Chi2= 13.72, df =2 (P=0.001); I2= 85% X ' ' ) ’

Heterogeneity: Tau? = 0.00; Chi 3.72,d (P=0.001); 85% 001 0.1 1 10 100

Test for overall effect: Z =2.42 (P=0.02)
Favours (Obesity) Favours (Control)
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Figure 2 Meta-analysis of adjusted mortality rates between overweight/obese and normal patients with cardiogenic shock.

DISCUSSION

Obesity has been a well-recognized risk factor for a wide spectrum of cerebrovascular and
cardiovascular diseases. Higher body fat increases the bulk of atherosclerotic plaques, which leads to
plaque instability. It also generates a low-grade generalized inflammatory state which increases pro-
inflammatory cytokines like C-reactive protein and interleukins[21]. Indeed, recent research suggests
that anti-inflammatory therapies may reduce the risk of adverse cardiovascular events in patients with
CAD, lending support to the inflammation hypothesis[22]. These proinflammatory cytokines have also
been implicated in the pathophysiology of heart failure due to their cardio-depressant properties[23].
Despite being associated with the etiology of both CAD and heart failure, the mechanism by which high
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Table 4 Risk of bias analysis based on Newcastle-Ottawa scale

Selection Comparability Outcome
Selection Follow-up

Representativeness of the . Demonstration Basis of the lon
Ref. P Ascertainment ) Assessment O Adequate Total

of the exposed non that outcome  design or enough

of exposure . . of outcome follow up
cohort exposed of interest analysis for
cohort outcomes
Sreenivasan 1 1 1 1 2 1 0 0 7
et al[16],
2021
Patlollaetal 1 1 1 1 2 1 0 0 7
[17], 2021
Hermansen 1 1 1 1 0 1 0 0 5
et al[18],
2021
Hashmiet 1 1 1 1 2 1 0 0 7
al[19], 2018
Chatterjee 1 1 1 1 2 1 0 0 7
et al[20],
2017
Overweight/Obese Control 0Odds ratio 0dds ratio
Study or subgroup  Events Total Events Total Weight M-H, Random, 95%CI  Year M-H, Random, 95%CI
Chatterjee 2017 7286 25835 96747 265059 24.4% 0.68 (0.66, 0.70) 2017 ]
Hashmi 2018 84 137 73 214 10.3% 3.06 (1.96, 4.78) 2018 -
Hermansen 2021 221 564 198 453 17.0% 0.83 (0.65, 1.07) 2021 =
Patlolla 2021 12882 46675 99003 290333 24.4% 0.74 (0.72, 0.75) 2021 L]
Sreenivasan 2021 7754 26424 1877 7111 23.9% 1.16 (1.09, 1.23) 2021 -
Total (95%CI) 99635 563170 100% 0.95 (0.79, 1.15)
Total events 28227 197898
k ' L |

Heterogeneity: Tau? = 0.04; Chi2 = 291.16, df =4 (P< 0.00001); I2= 9% 001 0.1 1 10 100

Test for overall effect: Z=052(P = 0.61)

Favours (Obese) Favours (Control)
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Figure 3 Meta-analysis of crude mortality rates between overweight/obese and normal patients with cardiogenic shock.
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BMI is associated with better outcomes in these patients, i.e., the obesity paradox, is still incompletely
understood. Lavie ef al[24] have pointed out that BMI per se does not describe the body composition
and they found that patients with higher lean mass along with higher body fat had lower mortality due
to CAD as compared to those with lower lean mass and lower body fat. Another aspect to consider is
the cardiorespiratory fitness of the individual as poor fitness levels are associated with a poorer
prognosis in CAD, independent of adiposity[25]. While the obesity paradox is firmly established in
several cardiovascular diseases, its association with outcomes of patients with cardiogenic shock is still
unclear. In the previous meta-analysis of three studies, Meng et al[13] noted no difference in all-cause
mortality between obese and non-obese patients with cardiogenic shock (OR = 0.88, 95%CI: 0.71-1.08, I?
=96%). In a sub-group analysis, they found that cardiogenic shock mortality was lower in developed
countries (United States), but higher in developing countries (Pakistan). In addition to the lower number
of studies in this meta-analysis, several other errors make this previous review unreliable. Foremost is
that the two included studies in their review used the same United States database from 2005-2014 and
2004-2013, which is a considerable overlap. Second, in their multivariable analysis, the authors included
the trial of Hashmi et al[19] which only reported unadjusted ORs.

In our updated meta-analysis of five studies, we noted that overweight/obese patients did not have
an increased risk of early mortality after cardiogenic shock as compared to normal BMI patients when
only crude mortality rates were pooled. However, it is important to note that the significant hetero-
geneity in the meta-analyses reduces the confidence of our results. Assessing the included studies
individually, we noted extremely divergent results amongst the studies. The studies of Sreenivasan ef al
[16] and Hashmi et al[19] demonstrated that obese patients had significantly higher mortality as
compared to normal patients after cardiogenic shock. On the other hand, Patlolla et al[17] and Chatterjee
et al[20] who used the same United States database with a partial overlap noted that an obesity paradox
existed with cardiogenic shock as they found significantly lower mortality in higher BMI patients. The
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lone study of Hermansen et al[18] was neutral and they found no impact of obesity on outcomes of
cardiogenic shock in a contemporary cohort of Danish patients. Furthermore, it needs to be pointed out
that several confounders can also influence outcomes of cardiogenic shock in addition to obesity. Hence,
to establish the independent role of overweight/obesity on mortality rates, a multivariable-adjusted
analysis is needed. A limitation of our review is that only three studies reported such data and their
results were similar to the crude mortality data, with Patlolla ef al[17] and Chatterjee et al[20] reporting
better outcomes in overweight/obese patients and Sreenivasan et al[16] reporting worse outcomes in
such individuals. On meta-analysis of these three studies, we noted a reduced risk of mortality in
overweight/obese patients but again with high heterogeneity.

One cause of the divergent results amongst the studies could be related to the use of MCS. In the
study of Sreenivasan et al[16], 100% of patients received MCS while the number was much lower in the
remaining studies. In a separate cohort (for which details were unavailable), Sreenivasan et al[16] noted
that amongst individuals not receiving MCS, patients with mild obesity had significantly lower
mortality compared with the non-obese patients (OR = 0.8, 95%CI: 0.6-0.9), but this difference was non-
significant for moderately and severely obese patients. These results conform to the obesity paradox
found by Patlolla et al[17] and Chatterjee et al[20]. Higher mortality in patients receiving MCS could be
due to the increased morbidity and complications like major bleeding, thrombosis, and vascular
complications associated with the invasive procedure and MCS devices[16]. The study of Sreenivasan et
al[16] also had a significant proportion of patients with severe obesity. It is plausible that higher grades
of obesity are associated with severe comorbidities like diabetes, end-organ damage, and worse
hemodynamic function which requires more robust MCS support like Impella or/Tandem Heart and
extracorporeal membrane oxygenation as compared to intra-aortic balloon pump required for patients
with mild obesity[16]. This may also have contributed to the opposing results of Sreenivasan et al[16].
Furthermore, the contradictory results of Hashmi ef al[19] and the neutral results of Hermansen et al[18]
need to be interpreted with caution considering the small sample size of obese patients in their cohorts.

Several diverse mechanisms have also been put forward that may explain better or even worse
outcomes in obese patients with cardiogenic shock. Higher lean and fat mass in obese patients may
contribute to the higher metabolic reserve in such individuals and guard them against the inflammatory
cascade of cardiogenic shock[26]. Lower levels of tumor necrosis factor-alpha and monocyte chemoat-
tractant protein-1 in obese patients may attenuate the inflammatory damage associated with cardiogenic
shock[27]. Adipose cells secrete adiponectin which has anti-inflammatory properties. Obese patients
may also have a better neurohormonal profile and reduced B-type natriuretic peptide (BNP). BNP is
associated with adverse outcomes in cardiogenic shock[28]. Larger coronary arteries in obese patients
may also lower the extent of CAD and improve outcomes[29].

Contrastingly, obesity augments the metabolic demand of the body which requires greater blood
volume and increased cardiac output. High volumes increase venous return and subsequently
myocardial wall tension and cause ventricular dilation. While initial ventricular hypertrophy overcomes
this process, with further increase in volume, the ventricles no longer adapt and systolic dysfunction
occurs. Hypertension, arrhythmias, and CAD associated with obesity can cause several functional and
structural alterations which could lead to worse outcomes in obese patients[16]. Our meta-analysis has
some limitations. First, only a small number of predominantly retrospective studies were available for
meta-analysis. Selection bias is an important limitation of these studies which can skew the results.
Furthermore, databases are also prone to errors in record keeping. Second, the sample size of the
included studies varied widely with two studies including a small cohort of obese patients. As
mentioned earlier, there was a partial overlap of data in another two studies. Third, overweight patients
were also merged into the obese group of one study which may have influenced the results. Since
separate analyses for different grades of obesity were not available from all included studies, subgroup
analysis for the same could not be carried out. Fourth, the treatment modality varied across the studies
and obese and non-obese groups. While we used adjusted mortality data for the pooled analysis, it was
not reported by all studies. A meta-regression based on treatment modality could not be conducted due
to a scarcity of data. Fifth, BMI is not the sole indicator of obesity and may not correctly represent the
relationship between obesity and outcomes. Several other factors like cardiorespiratory fitness, lean
mass, and fat mass could also influence the relationship between the two entities. Lastly, data in our
meta-analysis were from a limited number of countries and hence not generalizable to the world
population.

CONCLUSION

Current evidence on the association between overweight/obesity and mortality after cardiogenic shock
is scarce and conflicting. The obesity paradox might exist in patients with cardiogenic shock but could
be confounded by the use of MCS. There is a need for further studies to clarify this relationship.
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ARTICLE HIGHLIGHTS

Research background
Cardiogenic shock continues to be a highly morbid complication that affects around 7%-10% of patients
with acute myocardial infarction or heart failure. Similarly, obesity has become a worldwide epidemic.

Research motivation
Despite intense research on the outcomes of cardiogenic shock, it is still unclear how obesity affects the
outcomes of patients with cardiogenic shock.

Research objectives

We aimed to compare mortality outcomes of patients with cardiogenic shock based on body mass index
(BMLI).

Research methods

A systematic search of the literature was conducted on the databases of PubMed, Embase, ScienceDirect,
CENTRAL, and Google Scholar for all types of studies comparing mortality outcomes of patients with
cardiogenic shock based on BML

Research results

Five studies were eligible for inclusion. On pooled analysis of multivariable-adjusted ratios, we noted a
statistically significantly reduced risk of mortality in overweight/obese vs normal patients with
cardiogenic shock (three studies; OR = 0.92, 95%CI: 0.85-0.98, I*= 85%). In meta-analysis, we also noted
that crude mortality rates did not significantly differ between overweight/obese and normal patients
after cardiogenic shock (OR = 0.95, 95%CI: 0.79-1.15, I*= 99%). The results were not stable on sensitivity
analysis and were associated with substantial heterogeneity.

Research conclusions

Based on the current review, we found that the association between overweight/obesity and mortality
after cardiogenic shock is scarce and conflicting. The obesity paradox might exist in patients with
cardiogenic shock but could be confounded by the use of mechanical circulatory support.

Research perspectives

Given the scarce number of studies available, there is a need for further research on the impact of
obesity on outcomes of cardiogenic shock. Future studies should be prospective with a large sample size
and also assess the impact of mechanical circulatory support on the outcomes.
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