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Abstract

Background. Out-of-hospital cardiac arrests (OHCA) are a major global health concern, occurring frequently
worldwide. Obesity may impact outcomes in OHCA patients.

Objectives. This study aimed to assess the impact of obesity on the return of spontaneous circulation (R0SC)
in OHCA patients, considering sex differences.

Material and methods. A retrospective cohort study was conducted, analyzing medical records of patients
assisted by the Emergency Medical System (EMS) in Poland from January 2021 to June 2022. The study
included 33,636 patients with OHCA. Obesity status was determined using ICD-10 codes (E66) and descrip-
tive diagnoses recorded by EMS teams.

Results. Univariate analysis indicated that obesity decreased the odds of ROSC by 25.47% (odds ratio
(OR) = 0.75, 95% confidence interval (95% Cl): 0.61-0.92) in women and by 19.76% (OR = 0.80, 95% CI:
0.66—0.97) in men. However, multivariate analysis, adjusting for confounding variables, did not confirm
a statistically significant impact of obesity on ROSC outcomes. The likelihood of ROSC was significantly
higher in individuals with an initial ventricular fibrillation (VF) or pulseless ventricular tachycardia (pVT)
rhythm compared to Asystole/pulseless electrical activity (PEA), being 4.204 times higher in women (95%
(l: 3.525-5.014) and 3.655 times in men (95% (I: 3.320—4.023). Out-of-hospital cardiac arrest in a public
place increased the odds of ROSC more than twofold for both sexes (women: OR = 2.20, 95% (l: 2.00—2.43;
men: OR = 213, 95% Cl: 1.98—2.29). Among women without obesity, hypertension decreased the odds
of ROSChy 11.11% (OR = 0.89, 95% (l: 0.81-0.99).

Conclusions. Our study demonstrated that obesity was not an independent predictor of ROSC in OHCA
patients. Different predictors of ROSC were identified for men and women. Initial VF/pVT rhythm, location
of OHCA and age were the significant factors influencing ROSC.
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Background

Out-of-hospital cardiac arrests (OHCA) are a significant
global health issue, with an average incidence of 55 cases
per 100,000 people annually.? It is estimated that there are
between 300,000 and 700,000 cases each year in the Eu-
ropean Union, with a survival rate of 8-10%.2-* These
situations, which occur suddenly and unexpectedly, are
associated with a high risk of mortality and severe neuro-
logical failure.>® In Spain, there are approx. 30,000 cases
of OHCA annually, resulting in around 20,000 deaths.
In Poland, there are approx. 64,000 cases of OHCA annu-
ally, with a survival rate close to 20%.”~° Although the re-
turn of spontaneous circulation (ROSC) occurs in 10-50%
of patients with OHCA after starting advanced life sup-
port (ALS), mortality rates remain very high. According
to the European Resuscitation Council (ERC), OHCA
results in approx. 275,000 deaths annually in Europe.’
Other factors influence the survival of these patients,
such as the place of occurrence of the event, the presence
or absence of obesity, or their sex.310:11

We are faced with another global public health problem,
obesity. This disease affects up to 53% of the European
population and 42% of Americans.*!2"1* An abnormal body
mass index (BMI), which is more prevalent among women
than in men,'>!¢ is a factor that worsens the prognosis
of patients with OHCA. This is due to the pathophysiology
of the disease itself and the increased risk of cardiovas-
cular events such as hypertension (HT), coronary events
or heart failure (HF), as well as the difficulty when per-
forming chest compressions.>>!2 Although acute coronary
syndrome (ACS) is the leading cause of OHCA and obesity
is a recognized risk factor for ACS, studies such as those
by Tanaka et al. and Berdowski et al. confirm these associa-
tions but do not account for sex differences.”

The scientific literature agrees that there are differences
in the diagnosis and treatment of cardiovascular events ac-
cording to sex, with women who suffer OHCA having more
unfavorable prognostic factors®!”!8 and fewer probability
of overall survival and survival with a good neurological
condition.”?? In general, we observed an underdiagnosis
of cardiovascular risk in women,?>" with this sex being
the most affected by cardiovascular diseases (CVD).!8:20.22
On the one hand, studies show that women have a greater
probability of experiencing OHCA in the absence of wit-
nesses because women tend to spend more time alone
or at home since they have a greater life expectancy than
men and are more likely to be widowed.!?2022-24 These
factors cause a delay in cardiopulmonary resuscitation
(CPR) of patients, which gives them lower survival rates.
On the other hand, there is evidence that the factors associ-
ated with CVD (diabetes, obesity, psychological stress) are

more prevalent in the female sex, which gives them a greater
cardiovascular risk.'-2! Additionally, fewer women com-
pared to men have been observed in CVD research studies,
and specific guidelines for women are often based on stud-
ies of men, resulting in lower diagnostic ability and delayed
treatment and detection of the disease.!®2°-%7

While earlier studies suggested an “obesity paradox”
where higher BMI was associated with better outcomes
in OHCA patients,?®? more recent studies have debunked
this theory, indicating that obesity is not a protective
factor.3%3! Recent findings highlight that this paradox
might be more accurately described as a “BMI paradox”,
as greater adiposity, when measured using alternative
anthropometric indices, is associated with worse out-
comes.323 It is of great importance to determine which
patient conditions can aggravate or improve the chance
of ROSC, some of them being modifiable factors (such
as obesity, comorbidities and the time between OHCA and
CPR initiation) or non-modifiable factors (such as age, sex
or initial heart rhythm).%30

Otbher factors can also intervene in the prognosis of pa-
tients with OHCA, such as the initial rhythm of ventricular
fibrillation (VF) or pulseless ventricular tachycardia (pV'T)
or their age and sex.3>28 It is of great importance to deter-
mine which patient conditions can aggravate or improve
the chance of ROSC, some of them being modifiable fac-
tors (obesity or comorbidities) or not (age, sex or initial
heart rhythm).

Patients experiencing OHCA with a shockable rhythm
have been shown to have a higher rate of survival and re-
covery. This is attributed to the higher ROSC rate achieved
through the application of an external defibrillator, which
significantly increases the likelihood of ROSC.%1734 Dif-
ferences in the prevalence and diagnosis of cardiovascular
events and obesity in women indicate the need to adopt
new approaches to address the sex difference in the treat-
ment of patients with OHCA. In the general population,
younger women have a lower prevalence of CVD com-
pared to men. However, women who experience OHCA
are typically post-menopausal, with higher rates of obe-
sity and consequently a higher prevalence of CVD com-
pared to men. These 2 factors significantly influence both
the cause and subsequent survival of patients.'3152022 No
scientific literature has been found that addresses these
differences, so we believe it is important to study them
to perform an individualized evaluation of patients with
OHCA. In our previous study (in which we did not disag-
gregate patients by gender), obesity results were an inde-
pendent factor that decreased the odds of ROSC by more
than 8%.> Given the lack of literature and the results of our
previous research, we decided to investigate sex differences
in this area.
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Objectives

This study aimed to assess the association of obesity
on the ROSC among patients with OHCA in relation to sex
differences.

Methods
Study design and setting

A retrospective cohort study was conducted, involv-
ing an analysis of medical records for patients assisted
by the Emergency Medical System (EMS) in Poland from
January 2021 to June 2022. For this study, data were ob-
tained from the Command Support System of the National
Emergency Medical Service. The dataset included all docu-
mented cases of OHCA with International Classification
of Diseases (ICD-10) code 146, where CPR was initiated.
In Poland, there are 2 types of emergency medical teams
(EMTs). Specialized EMTs (S-EMTs) comprise at least
3 persons, including a physician and an emergency nurse
or paramedic. Basic EMTs (B-EMTs) comprise at least
2 persons qualified to perform medical emergency ac-
tivities, including an emergency nurse or paramedic.
As of the 15t half of 2023, there were 1,600 EMTs in Poland,
including 1,284 B-EMTs and 316 S-EMTs.

Study population

A total of 4,925,214 EMS records were analyzed. Patients
were included if they had an ICD-10 diagnosis code of 146
(cardiac arrest) and were treated with CPR at the scene. Exclu-
sions were made for cases involving crime, suicide, trauma,
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or patients who died before EMS arrival or lacked recorded
OHCA rhythm. Ultimately, data from 33,636 patients with
OHCA were included in the analysis. Obesity status was de-
termined using ICD-10 codes (E66) and descriptive diagnoses
recorded by EMS personnel. Data from both the ICD-10 sec-
tion and the descriptive diagnosis section of the medical
records were used to categorize patients by sex and obesity
status. The flowchart of patient is presented in Fig. 1.

Data collection

Data were collected retrospectively from EMS records.
The following variables were analyzed: sex, age, location
of OHCA (non-public place vs public place, e.g., parks,
streets, squares, sidewalks, libraries, schools, government
buildings, public transportation facilities), initial rhythm,
and presence of comorbidities such as HT, diabetes mel-
litus (DM), HF, history of cerebral stroke (CS), and ACS.

Variables

The primary outcome was the ROSC. Key exposures in-
cluded obesity status, initial rhythm of OHCA (VE/pVT vs
Asystole/PEA), location of OHCA (public place vs private
place) and patient age. Comorbidities such as HT, DM, HF,
CS, and ACS were also considered.

Bias

Efforts to minimize bias included using standardized
ICD-10 codes for obesity and consistent methods of data
collection across all EMS records. Potential sources of bias
included the subjective assessment of obesity by EMS
teams and the retrospective nature of the study.

EMS interventions
4,925,214

excluded
20,554
included
patients patients
without obesity with obesity

32,571 1,065
female male female male
11,575 20,996 425 640

VF/pVT Asystole/PEA VF/pVT Asystole/PEA VF/pVT Asystole/PEA VF/pVT Asystole/PEA
638 10,937 2,158 18,838 18 407 45 595

Fig. 1. Study flowchart

EMS - Emergency Medical System; PEA — pulseless electrical activity; OHCA — out-of-hospital cardiac arrests; VF/pVT — ventricular fibrillation/pulseless

ventricular tachycardia.
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Study size

The study included all available EMS records from
the specified period, resulting in a final sample size
of 33,636 OHCA patients.

Ethical considerations

The study was conducted according to the principles
of the Declaration of Helsinki and was approved by the in-
dependent Bioethics Committee of Wroclaw Medical Uni-
versity, Poland (approval No. KB-895/2022). It also fol-
lowed the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines.

Statistical analyses

Data preprocessing and visualization were performed us-
ing Python 3.10.6 (https://www.python.org/downloads/re-
lease/python-3106/; packages: numpy 1.23.5, pandas 2.0.1,
matplotlib 3.7.1, seaborn 0.12.2, and forestplot 0.3.1) in Vi-
sual Studio Code 1.80.0 (https://code.visualstudio.com/
updates/v1l_80). Statistical modeling was conducted with
Statistica v. 13.3 (StatSoft Inc., Tulsa, USA) under a license
provided by Wroclaw Medical University. The a value
used for statistical inference was 0.05. Classical compari-
sons were performed with the independent samples t-test
(by groups) or the X2 test, depending on the compared data
(continuous or categorical). Due to the large number of ob-
servations, the assumption of normal distribution was
based on the central limit theorem (CLT), assuming that
the variable (i.e., age) in both groups had a distribution
that differed statistically insignificantly from the normal
distribution. Homoscedasticity assumption was checked
with the use of Levene’s test (Supplementary Table 1).
If this assumption was not met, Cochran—Cox correction

Table 1. Sex-related differences in age, comorbidities and the incidence of ROSC
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was applied to the t-test. In case of referring to variables
of normal distribution, inherent moments of this distri-
bution (mean and standard deviation (SD)) were chosen
as descriptive statistics. In case of referring to variables
of multinomial distribution, observed counts and frequen-
cies were reported. In context of employing the X2 test,
the assumption that the estimated counts were not <5
in >20% of the cells of each contingency table was met.
Logistic regression (binomial distribution of the pre-
dicted variable, link function: logit, dummy coding) was
used for statistical modelling to analyze the odds of ROSC.
Since it was assumed that the variable in both groups had
adistribution that was statistically insignificantly different
from the normal distribution, the assumption of no outliers
for logistic regression was not checked and it was consid-
ered to be met. Linearity assumption for the relationship
between the continuous explanatory variables and the logit
of the response variable was plotted and checked with use
of Box-Tidwell test. Despite the violation of this assumption
by the test results (p < 0.05), age was left untransformed
in the models because the visible deviation from linearity
was attributed to individuals of extreme age (i.e., >96 years).

Results

Sex and obesity-related differences in age,
comorbidities and the incidence of ROSC

There was no difference in age, regardless of whether
the group was subsequently stratified by sex only (Table 1)
or by both sex and obesity status (Table 2). Obesity, DM,
CS, HT, and HF were significantly more frequent among
women. Conversely, ACS occurred more frequently among
men (Table 1). Markedly, a nearly twofold higher inci-
dence of the VF/pVT initial rhythm was observed among

Parameter Staﬁ;?gi’;tg’geory Female (n=12,000) | Male (n=21,636) | Total (n=33,636) ‘ Statistic ‘ df ‘
Age lyears] mean (SD) 67.66 (15.51) 67.85 (15.15) 67.79 (15.28) t=-1093 24090.89 0274
Obesity yes 425 (3.54%) 640 (2.96%) 1,065 (3.17%) \2 = 8576 1 0.003
DM yes 2,246 (18.729%) 3,101 (14.33%) 5,347 (15.90%) 2 =11097 1 <0.001
cs yes 703 (5.86%) 1,110 (5.13%) 1,813 (5.39%) ¥ = 8022 1 0.005
HT yes 3,210 (26.75%) 4,251 (19.65%) 7,461 (22.18%) \2 = 225.56 1 <0.001
HF yes 1,149 (9.57%) 1,622 (7.50%) 2,771 (8.24%) \C = 44.100 1 <0.001
ACS yes 378 (3.15%) 964 (4.46%) 1,342 (3.99%) \C = 34345 1 <0.001
VF/pVT 656 (5.47%) 2,203 (10.18%) 2,859 (8.50%)
Initial rhythm x> = 220.680 1 <0.001
Asystole/PEA 11,344 (94.53%) 19,433 (89.82%) 30,777 (91.50%)
Location a public place 2,232 (18.60%) 4,117 (19.03%) 6,349 (18.88%) X’ =0.926 1 0336
ROSC yes 4,221 (35.17%) 7,818 (36.13%) 12,039 (35.79%) ¥ = 3.090 1 0,079

n - number of patients; df — degrees of freedom; ROSC - return of spontaneous circulation; PEA — pulseless electrical activity; DM — diabetes mellitus;
CS - cerebral stroke; HT - atrial hypertension; HF — heart failure; ACS — acute coronary syndrome; VF/pVT — ventricular fibrillation/pulseless ventricular

tachycardia. Values in bold are statistically significant.
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Table 2. Obesity-related differences in age, comorbidities and the incidence of ROSC: In the context of sex variation

Descriptive Female (n = 12,000) Male (n = 21,636)
Parameter |  statistic/ | hon-obese P non-obese | obese ——
category (n=11,575) (n=20,996) | (n=640)
Age [years] mean (SD) (?;;8) (16;?) t=0517 11,901 0.605 (?;?g) (?2;480 t=-0714 21,450 0475
2,038 208 5 2,844 257 y_
DM yes (17.61%) (48.94%) X* = 264.568 1 <0.001 (13.55%) (40.16%) x°=358.191 1 <0.001
671 32 - 1073 37 L
cs yes (5.80%) (7.53%) x> =2231 1 0.135 (5.11%) (5.78%) x> =0.574 1 0.449
2,970 240 L 3,949 302 L
HT yes (25.66%) (56.47%) x> =198.624 1 <0.001 (18.81%) (47.199%) x> =316.830 1 <0.001
HF yes (91’8;)2) (241'8(2)%) x°=105.889 1 <0.001 1499 (7.14%) a 91.52%) X’ = 130675 1 <0.001
361 17 L 921 43 ,
ACS yes (3.12%) wooy | X=1043 1 0307 439%) 670 | K =7935 1 0.005
638 18 2,158 45
initial VIV (551%)  (4.24%) (1028%) | (7.03%)
W2 =1293 1 0256 2 =7.159 1 0.007
rhythm Asvstole/PEA 10,937 407 18,838 595
4 (94.49%) (95.76%) (89.72%) (92.97%)
. . 2,156 76 4,007 110
Location a public place (18.63%) (17.88%) x> =0.151 1 0.698 (19.09%) (17.19%) x> = 1453 1 0.228
4,092 129 L 7612 206 L
ROSC yes (3535%) | (3035%) X = 4493 1 0.034 | g5 | 219w X AT 1 0.035

n — number of patients; df — degrees of freedom; ROSC — return of spontaneous circulation; PEA — pulseless electrical activity; DM — diabetes mellitus;
CS - cerebral stroke; HT — atrial hypertension; HF — heart failure; ACS — acute coronary syndrome; VF/pVT - ventricular fibrillation/pulseless ventricular
tachycardia. Values in bold are statistically significant.

men (10.18% vs 5.47%, p < 0.001, Table 1). The difference initial rhythm, location, and age. According to models
in ROSC incidence between the 2 sexes was insignificant with all factors (Table 3), the individuals with the VF/pVT
(p =0.079, Table 1). Likewise, the frequencies of OHCA oc- initial rhythm were 4.204-fold more likely (vs Asystole/
curring in a public place were similar (p = 0.336, Table 1). PEA) to develop ROSC among women, but only 3.655-fold

Upon subsequent stratification of the 2 sexes by obesity more likely among men. If OHCA happened in a public

status, a markedly higher incidence of DM, HT and HF was place, both sexes showed similar, over twofold increase
observed, regardless of sex (Table 2). Although the obesity- in odds of ROSC (2.204 among women, 2.130 among men).
related change in frequency of ACS and the VF/pV T initial The association of age on these odds was similar among
rhythm was insignificant among women (p = 0.307 and the 2 sexes, decreasing the odds for ROSC (by 1.21% and
p = 0.256, respectively), men showed higher incidence 1.52% in women and men, respectively, per 1-year increase

of ACS (p = 0.005) and lower incidence of the VF/pVT in age). Moreover, unlike men (p = 0.832), women showed
initial rhythm (p = 0.007) among the obese individuals, a10.01% decrease in the odds for ROSC upon the presence
compared to non-obese (Table 2). There were no changes of hypertension (p = 0.044).

in the obesity-associated distribution of the location among After stratification by sex and obesity (Table 4), sev-
the 2 sexes. Regardless of sex, ROSC occurred significantly eral factors appeared to influence the odds for ROSC dif-
less frequently among obese individuals (30.35% vs 35.35% ferently. Although the public place location significantly

among women and 32.19% vs 36.25% among men). increased the odds for ROSC among both sexes, women

showed to have significantly lower location-associated OR
Exploring the modulation of the odds if they were obese (2.126 vs 4.264 in woman with obesity
of ROSC by obesity — insig hts from and without, respectively). Moreover, exclusively among

PR . non-obese women, hypertension decreased the odds
univariate and multi-factor models of ROSC by 11.11% (p = 0.032),
According to the univariate model (Table 3), obesity
decreased the odds of ROSC by 25.47% among women . .
(p=0.034) and 19.76% (p = 0.035) among men. Upon adding Discussion
other features to the model, obesity became insignificant
(Table 3). However, it was on the brink of statistical signifi- The study aimed to assess the association of obesity
cance (p = 0.051) among women, according to the model with the incidence of ROSC among OHCA patients, spe-

adjusted by 3 key factors modulating the odds of ROSC: cifically in context of between-sex differences. Regardless
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Table 3. The odds of ROSC in the context of obesity and other selected factors: After stratification by sex

Category | OR | OR-95%CI | OR95%CI

Feature p-value
obesity only
(Q'g_:]ff 295;25' obesity yes 0.797 0.646 0.983 0.034
D=15431.15)
obesity yes 0.805 0.648 1.001 0.051
adjusted by initial rhythm, location and age
(AIC = 14,696.43, initial rhythm VF/pVT 4.183 3513 4.981 <0.001
BIC=14,733.35, location apublic place | 2.202 1.998 2427 <0.001
D =14,68643)
age - 0.988 0.986 0.991 <0.001
obesity yes 0.835 0.669 1.042 0.110
Female
initial rhythm VF/pVT 4.204 3.525 5.014 <0.001
location a publicplace | 2.204 2.000 2429 <0.001
adjusted by all featured factors age - 0.988 0.986 0.991 <0.001
(Qg_: 327679282339 DM yes 0.961 0.864 1.069 0462
D =14,67839) (€ yes 0.947 0.800 1.121 0.529
HT yes 0.909 0.828 0.998 0.044
HF yes 1.053 0.920 1.205 0455
ACS yes 0.885 0.703 1.116 0302
obesity only
(ngfgsggggf’ obesity yes 0.835 0705 0987 0.035
D =28,046.88)
) o obesity yes 0.886 0.744 1.056 0.176
adjusted by initial rhythm, location and age
(AIC = 26,306.74, initial rhythm VF/pVT 3.655 3.320 4023 <0.001
BIC = 26,346.61, location apublic place | 2.131 1.981 2291 <0.001
D =26,296.74)
age 0.985 0.983 0.987 <0.001
Mal obesity yes 0.874 0.732 1.044 0.138
ale
initial rhythm VF/pVT 3.641 3.305 4.011 <0.001
location a publicplace | 2.130 1.981 2.291 <0.001
adjusted by all featured factors age - 0.985 0.983 0.987 <0.001
(ngzzgé?)g]]] 2552’ DM yes 1.041 0.954 1.137 0.366
D =26,291.52) (@) yes 1.112 0.975 1.268 0.113
HT yes 1.008 0.933 1.090 0.832
HF yes 0.978 0.874 1.095 0.700
ACS yes 1.079 0.936 1.244 0.297

n - number of patients; AIC — Akaike information criterion; BIC — Bayesian information criterion; 95% Cl — 95% confidence interval; D — deviance; OR — odds
ratio; ROSC - return of spontaneous circulation; DM — diabetes mellitus; CS — cerebral stroke; HT — atrial hypertension; HF — heart failure; ACS — acute
coronary syndrome; VF/pVT — ventricular fibrillation/pulseless ventricular tachycardia. Values in bold are statistically significant.

of sex, ROSC occurred significantly less frequently among
obese individuals, as observed in several studies.*!%3°
Despite corroborating evidence found in scientific litera-
ture, the most solid studies indicate that obesity is a fac-
tor which increases the risk of mortality in patients with
OHCA since it decreases the probability of ROSC, increas-
ing the deterioration of the vascular system or making
CPR difficult.3412:30.3536 Tp this study, the term “obesity”
refers to patients described as obese by EMS teams based
on available information, which may include visual assess-
ment or medical records. This approach, while necessary
in the urgent context of OHCA, may introduce a degree
of subjectivity that could affect the accuracy of obesity

categorization. It is important to note that measuring
weight and height in these urgent and vulnerable situa-
tions is not always feasible, and these parameters are often
determined upon taking a glance at the patient. This limi-
tation should be considered when interpreting the results
of our study. Our univariate analysis showed a significant
association between obesity and decreased odds of ROSC,
but the multivariate analysis indicated that this association
was not statistically significant. It is important to note that
this loss of significance in multivariate settings does not
necessarily mean that obesity does not modulate the odds
of ROSC in real-life settings. The more rational conclusion
would be that other factors, such as initial rhythm and
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location of OHCA, may play a more critical role in influ-
encing ROSC outcomes,?”38 compared to obesity status.
This study, along with research by Fehler et al.,° Cza-
pla et al.,3* Tanaka et al.,'” and Haskins et al.,*° not only
analyzed but also observed that patients presenting with
VE/pVT had a higher likelihood of ROSC. When we con-
sider the differences between sex, we have seen an almost
twofold higher incidence of the initial VF/pVT rhythm
among men, which has been reported in other stud-
ies.182324 Although other investigators have reported that
in their population samples, women were generally older
than men, there was no difference in age between both
sexes in our data. The low survival rate among women
is driven by higher prevalence of chronic diseases (DM,
HT, CS, CVD) and a greater occurrence of OHCA at home
or without witnesses.!®22 Moreover, the presence of obe-
sity among women statistically significantly decreased
the effectiveness of CPR among women with obesity ex-
periencing OHCA in a public place. Not only are women
less likely to experience OHCA in a public place, but they
are also negatively affected by obesity in terms of being
subject to effective CPR in public places.??3-2> The most
significant predictors of ROSC in our study were the initial
VE/pVT rhythm and the occurrence of OHCA in a pub-
lic place. Women with an initial VF/pVT rhythm had
a4.204 times greater chance of achieving ROSC, compared
to a 3.655-fold difference found among men. Addition-
ally, OHCA in a public place increased the odds of ROSC
more than twofold for both sexes. These findings highlight
the paramount importance of initial rhythm and the con-
text of the arrest location over the isolated effect of obesity.
In our results, we have seen how an increase of 1 year
in the age of the patients similarly decreases the probabili-
ties of ROSC between both sexes, just as we observed in our
previous study® and the rest of the studies of the scientific
literature,?*'74% with similar values among all the results,
but with the lack of taking gender differences into account
in case of studies performed by other investigators. Other
studies have reported that although the association of age
affects both sexes equally, in the phase after cardiac ar-
rest, older women showed a higher mortality rate com-
pared to men.*® However, when women of premenopausal
age were compared with men of the same age, the former
had higher levels of survival.?”40-42 Awad et al. only de-
scribed this difference in the group of women with initial
non-shockable heart rhythm.*® We can observe the cu-
mulative effect of chronic diseases in our multivariate
analysis since women with hypertension showed a 10%
decrease in the odds of ROSC, which increases the number
of deaths in women, in contrast to the data obtained in our
previous study, where no difference was made between
sexes, and hypertension only showed a decrease of 3.4%.°
Stratification by age and sex also showed an 11% decrease
in the odds of ROSC among non-obese women, with
a smaller reduction seen in all non-obese patients in our
previous study.® Considering solely the obesity factor,
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we once again observed that the female sex is the most
affected since this pathology decreased the probabilities
of ROSC by 25.47% vs the reduction of 19.76% among men.
However, in the multivariate analysis taking all factors into
account, women with initial VF/pVT rhythm were more
likely to develop ROSC than men with the same type of ini-
tial rhythm, which opposes the previous results.*18:2539
The mentioned studies did not consider the association
of obesity on the ROSC, highlighting a need for further
research in this aspect. Our results indicate that while
obesity has a significant impact in univariate analysis, its
effect is mitigated when other critical factors are consid-
ered in a multivariate context. This aligns with recent stud-
ies that question the so-called “obesity paradox” in car-
diac arrest outcomes. Therefore, our findings contribute
to a growing body of evidence suggesting that the role
of obesity in ROSC is complex and influenced by multiple
interacting factors.

The reported results, including those found in the scien-
tific literature,'®?2-2>43 show differences in the prevalence
of OHCA between women and men, as well as the asso-
ciated pathologies or the diagnosis and treatment they
receive. Most studies indicate that women are more likely
to experience OHCA with associated pathologies.!>18:22:25
Additionally, they show lower survival rates or worse
associated outcomes.!822232> Qur findings confirm
the differences observed between both sexes. Since obe-
sity, in particular, makes CPR more difficult in the case
of women, new approaches must be adopted in the treat-
ment of OHCA. The fact of finding some contradictory
results, such as the higher frequency of initial VF/pVT
rhythm among women, highlights the need to investigate
sex-associated variability and adopt measures that improve
survival rates among the female sex; when women receive
the correct measures, they show a better recovery than
men.2327

Implications for practice

Given these findings, it is essential for clinical practice
to prioritize factors which have a more direct and substan-
tial impact on ROSC outcomes, such as ensuring rapid de-
fibrillation and effective CPR, especially in public settings.
While addressing obesity remains important for overall
cardiovascular health, it may not be the most critical factor
in the acute setting of OHCA. Our results are in line with
the available scientific literature that describes a higher
prevalence of CVD among women and worse survival out-
comes related to OHCA, derived from a greater odds of oc-
curring.?225-2744 These events occur when the women are
alone at home without the presence of witnesses or have
alower frequency of shockable rhythms.*17?” Additionally,
it has been observed that women receive fewer invasive
treatments once they are admitted to the hospital after ex-
periencing OHCA, which leads to worse health outcomes.
Other studies have indicated that health illiteracy, older
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age of women or low socioeconomic status of women are
correlated with an underestimation of CVD risk.?” These
facts, together with the greater prevalence of chronic
diseases in women, such as obesity, negatively influence
treatment and success rates for ROSC among women with
OHCA. It is necessary to include a sex-related approach
in the care of women with OHCA, and in general with any
disease, since we see worse health outcomes associated
with the female sex. Furthermore, improving the accuracy
of obesity recognition and its documentation in medical
records is crucial. This could help in better understanding
the impact of obesity on OHCA outcomes and in develop-
ing targeted interventions to improve survival rates. In this
context, prospective studies should be conducted to assess
the impact of obesity on OHCA outcomes. This approach
would provide a more comprehensive understanding
of the role of obesity in OHCA and help in formulating
effective strategies to enhance patient outcomes.

Limitations

This study has several important limitations. The as-
sessment of obesity by EMS personnel, based on available
information such as visual evaluation, medical records,
ICD-10 codes (E66), and descriptive diagnoses recorded,
may introduce some inaccuracies. We do not have detailed
information on how the diagnosis of obesity (E66) was de-
termined, whether through direct measurements or visual
assessment. It is likely that only patients who appeared
overtly obese were categorized as such. This limitation
should be considered when interpreting the findings,
as it may impact the accuracy of the obesity categoriza-
tion. This method of assessment may lead to an underes-
timation of obesity prevalence compared to studies using
precise BMI measurements. Additionally, due to the ret-
rospective nature of this study and the emergency con-
text in which EMS personnel operate, it was not possible
to obtain precise measurements of BMI, body composition
or other detailed anthropometric data. The retrospective
nature of this study and the characteristics of the data-
base used introduce additional limitations. One concern
is the uncertainty surrounding the data associated with
comorbidities, as the EMS staff might not have inter-
acted with family witnesses or had access to the patient’s
medical history. The emergency medical records lacked
specific information on whether bystanders-initiated CPR
before the arrival of the medical team, as well as the du-
ration of such CPR, making it impossible to incorporate
these factors into the analysis. Additionally, our dataset
did not include detailed time-related data such as EMS
response times, activation of the emergency system and
bystander use of automated external defibrillators (AEDs).
Our dataset also lacked specific clinical parameters like
end-tidal carbon dioxide (ETCQ,) values, which are in-
creasingly recognized as important prognostic markers
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in cardiac arrest. Moreover, there was limited information
on airway management, including successful intubation
rates and the use of alternative airway devices in cases
of failed intubation attempts, particularly among obese
patients. The anonymity of medical records precluded
the examination of long-term survival. However, it is es-
sential to note that a notable strength of the study lies
in its extensive sample size, encompassing the entire Pol-
ish population.

Conclusions

Our study demonstrated that obesity was not an inde-
pendent predictor of ROSC in OHCA patients. Different
predictors of ROSC were identified for men and women.
Major findings from this study indicate that initial VF/
pVT rhythm and occurrence of OHCA in a public place
significantly increase the likelihood of achieving ROSC.
Women with an initial VF/pVT rhythm had a 4.204 times
greater chance of ROSC compared to 3.655 times increase
in men. Among both sexes, increasing age was associated
with decreased odds of ROSC. These factors had a more
significant impact on ROSC outcomes than obesity.

Further research is necessary to better understand
the underlying mechanisms driving these differences and
to develop targeted interventions that can enhance the ef-
fectiveness of resuscitation efforts for all OHCA patients.

Supplementary data

The Supplementary materials are available at https://
doi.org/10.5281/zenodo.13754402. The package includes
the following files:

Supplementary Table 1. Detailed report on models re-
lated to location and initial rhythm, including ORs and
95% Cls for cardiac arrest outcomes.

Supplementary Table 2. Further analysis of initial
rhythm and location, adjusted by sex, age and other fac-
tors affecting cardiac arrest outcomes.

Supplementary Table 3. Assessment of multicollinearity
between variables used in logistic regression models, based
on the variance inflation factor (VIF).

Supplementary Table 4. Results of a 3-way logistic re-
gression model showing the combined effects of sex, loca-
tion and initial rhythm on the odds of ROSC.

Supplementary Table 5. A logistic regression model dem-
onstrating how location and age modulate ROSC odds,
with and without interaction with initial rhythm.

Data availability
The datasets generated and/or analyzed during the cur-

rent study are available from the corresponding author
on reasonable request.


https://doi.org/10.5281/zenodo.13754402
https://doi.org/10.5281/zenodo.13754402

1646

Consent for publication

Not applicable.

ORCID iDs

Vice
Raul

tukasz Lewandowski
Grzegorz Kubielas
Jacek Smereka

Vice

Antonio Martinez-Sabater
Michat Czapla

nte Doménech Briz @ https://orcid.org/0009-0009-6943-3027
Judrez-Vela @ https://orcid.org/0000-0003-3597-2048
https://orcid.org/0000-0002-7624-631X
https://orcid.org/0000-0003-1229-0650
https://orcid.org/0000-0002-1427-4796
https://orcid.org/0000-0001-8607-3195
https://orcid.org/0000-0002-6440-1431
https://orcid.org/0000-0002-4245-5420

nte Gea-Caballero

References

1.

Berdowski J, Berg RA, Tijssen JGP, Koster RW. Global incidenc-
es of out-of-hospital cardiac arrest and survival rates: Systematic
review of 67 prospective studies. Resuscitation. 2010;81(11):1479-1487.
doi:10.1016/j.resuscitation.2010.08.006

Yan S, Gan Y, Jiang N, et al. The global survival rate among adult
out-of-hospital cardiac arrest patients who received cardiopulmo-
nary resuscitation: A systematic review and meta-analysis. Crit Care.
2020;24(1):61. doi:10.1186/513054-020-2773-2

Czapla M, Kwasny A, Stoma-Krzeslak M, et al. The impact of body
mass index on in-hospital mortality in post-cardiac-arrest patients:
Does sex matter? Nutrients. 2023;15(15):3462. doi:10.3390/nu15153462
Czapla M, Zielinska M, Kubica-Cielinska A, Diakowska D, Quinn T,
Karniej P. Factors associated with return of spontaneous circulation
after out-of-hospital cardiac arrest in Poland: A one-year retrospec-
tive study. BMC Cardiovasc Disord. 2020;20(1):288. d0i:10.1186/512872-
020-01571-5

Fehler P, Lewandowski L, Uchmanowicz |, Smereka J, Czapla M. Does
obesity influence the return of spontaneous circulation among out-
of-hospital cardiac arrest patients? A retrospective cohort study.
Disaster Emerg Med J. 2024;9(1):42-50. doi:10.5603/dem;.97553

Soar J, Bottiger BW, Carli P, et al. European Resuscitation Council
Guidelines 2021: Adult advanced life support. Resuscitation. 2021;
161:115-151. doi:10.1016/j.resuscitation.2021.02.010

Global Resuscitation Alliance (GRA). Cardiac arrest: 50% increase
in survival is possible. Seattle, USA: Global Resuscitation Alliance
(GRA); 2023. https://www.globalresuscitationalliance.org/cardiac-
arrest-50-increase-in-survival-is-possible. Accessed May 3, 2024.
Grasner JT, Herlitz J, Tjelmeland IBM, et al. European Resuscitation
Council Guidelines 2021: Epidemiology of cardiac arrest in Europe.
Resuscitation. 2021;161:61-79. doi:10.1016/j.resuscitation.2021.02.007
RandjelovicSS, Nikolovski SS, Tijanic JZ, et al. Out-of-hospital cardiac
arrest prospective epidemiology monitoring during the first five years
of EuReCa program implementation in Serbia. Prehosp Disaster Med.
2023;38(1):95-102. d0i:10.1017/51049023X22002424

. Fehler P, Zielinska M, Uchmanowicz B, et al. Do body mass index

and Nutritional Risk Score 2002 influence the in-hospital mortal-
ity of patients following cardiac arrest? Nutrients. 2023;15(2):436.
doi:10.3390/nu15020436

. Grdsner JT, Lefering R, Koster RW, et al. EuReCa ONE-27 Nations, ONE

Europe, ONE Registry: A prospective one month analysis of out-of-hos-
pital cardiac arrest outcomes in 27 countries in Europe. Resuscitation.
2016;105:188-195. d0i:10.1016/j.resuscitation.2016.06.004

. Kosmopoulos M, Kalra R, Alexy T, et al. The impact of BMI on arrest

characteristics and survival of patients with out-of-hospital car-
diac arrest treated with extracorporeal cardiopulmonary resusci-
tation. Resuscitation. 2023;188:109842. doi:10.1016/j.resuscitation.
2023.109842

. Eurostat. Overweight and obesity: BMI statistics. Luxembourg, Lux-

embourg: Eurostat; 2024. https://ec.europa.eu/eurostat/statistics-
explained/index.php?title=Overweight_and_obesity_-_BMI_sta-
tistics. Accessed May 3, 2024.

. World Health Organization (WHO). Obesity: Preventing and Managing

the Global Epidemic. Report on a WHO Consultation. Geneva, Switzer-
land: World Health Organization (WHO); 2000. ISBN:978-92-4-120894-9.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

3.

32.

33.

V. Doménech Briz et al. Sex differences in cardiac arrest outcomes

. Imbalzano E, Russo GT, Giandalia A, et al. Sex-specific impact of dif-

ferent obesity/metabolic phenotypes on long-term cardiovascular
outcomes in acute coronary syndrome patients. Biomedicines. 2022;
10(2):424. doi:10.3390/biomedicines10020424

. Garawi F, Devries K, Thorogood N, Uauy R. Global differences between

women and men in the prevalence of obesity: Is there an associa-
tion with gender inequality? Eur J Clin Nutr. 2014;68(10):1101-1106.
doi:10.1038/ejcn.2014.86

Tanaka H,Ong MEH, Siddiqui FJ, et al. Modifiable factors associated with
survival after out-of-hospital cardiac arrest in the Pan-Asian Resus-
citation Outcomes Study. Ann Emerg Med. 2018;71(5):608-617.e15.
doi:10.1016/j.annemergmed.2017.07.484

. LeiH, HuJ, LiuL, Xu D.Sex differences in survival after out-of-hospital

cardiac arrest: A meta-analysis. Crit Care. 2020;24(1):613. doi:10.1186/
s13054-020-03331-5

. Moles Garcia S, Morales Rodriguez A, Quirantes Morillas M. Sesgos

de género en diagndstico y tratamiento de enfermedades cardio-
vasculares: Revision de literatura. Sanum. 2022;2(6):46-63. https://
revistacientificasanum.com/vol-6-num-2-abril-2022-sesgos-de-gen-
ero-en-diagnostico-y-tratamiento-de-enfermedades-cardiovascu-
lares-revision-de-la-literatura. Accessed May 3, 2024.
Mateo-Rodriguez |, Knox EC, Ruiz-Azpiazu J, et al. Persistent gen-
der gaps in out-of-hospital cardiac arrest in Spain from 2013 through
2018 [in Spanish]. Emergencias. 2022;24:259-267. d0i:10.55633/s3me/
E046.2022

LimHS,Han H, Won S, Ji S, Park Y, Lee HY. Sex differences in the appli-
cability of Western cardiovascular disease risk prediction equations
in the Asian population. PLoS One. 2024;19(1):0292067. doi:10.1371/
journal.pone.0292067

Rethemiotaki . Global prevalence of cardiovascular diseases by gen-
derand age during 2010-2019. Arch Med Sci Atheroscler Dis. 2024;8(1):
196-205. doi:10.5114/amsad/176654

Feng D, LiC, Yang X, Wang L. Gender differences and survival afteran out-
of-hospital cardiac arrest: A systematic review and meta-analysis.
Intern Emerg Med. 2021;16(3):765-775. d0i:10.1007/s11739-020-02552-4
Karlsson V, Dankiewicz J, Nielsen N, et al. Association of gender to out-
come after out-of-hospital cardiac arrest: A report from the Interna-
tional Cardiac Arrest Registry. Crit Care. 2015;19(1):182. doi:10.1186/
s13054-015-0904-y

Mody P, Pandey A, Slutsky AS, et al. Gender-based differences in out-
comes among resuscitated patients with out-of-hospital cardiac
arrest. Circulation. 2021;143(7):641-649. doi:10.1161/CIRCULATION
AHA.120.050427

Woodward M. Cardiovascular disease and the female disadvantage.
Int J Environ Res Public Health. 2019;16(7):1165. doi:10.3390/ijerph
16071165

Regitz-Zagrosek V, Gebhard C. Gender medicine: Effects of sex and
gender on cardiovascular disease manifestation and outcomes.
Nat Rev Cardiol. 2023;20(4):236-247.d0i:10.1038/541569-022-00797-4
Gupta T, Kolte D, Mohananey D, et al. Relation of obesity to survival
after in-hospital cardiac arrest. Am J Cardiol. 2016;118(5):662-667.
doi:10.1016/j.amjcard.2016.06.019

Kakavas S, Georgiopoulos G, Oikonomou D, et al. The impact of body
mass index on post resuscitation survival after cardiac arrest:
A meta-analysis. Clin Nutr ESPEN. 2018;24:47-53. doi:10.1016/j.cIne-
sp.2018.01.071

Hjalmarsson A, Rawshani A, Ramunddal T, et al. No obesity para-
dox in out-of-hospital cardiac arrest: Data from the Swedish regis-
try of cardiopulmonary resuscitation. Resusc Plus. 2023;15:100446.
doi:10.1016/j.resplu.2023.100446

Chavda MP, Bihari S, Woodman RJ, Secombe P, Pilcher D. The impact of
obesity on outcomes of patients admitted to intensive care after car-
diac arrest. J Crit Care. 2022;69:154025. doi:10.1016/j.jcrc.2022.154025
Donini LM, Pinto A, Giusti AM, Lenzi A, Poggiogalle E. Obesity or
BMI paradox? Beneath the tip of the iceberg. Front Nutr. 2020;7:53.
doi:10.3389/fnut.2020.00053

Butt JH, Petrie MC, Jhund PS, et al. Anthropometric measures and
adverse outcomes in heart failure with reduced ejection fraction:
Revisiting the obesity paradox. Eur Heart J. 2023;44(13):1136-1153.
doi:10.1093/eurheartj/ehad083


https://www.doi.org/10.1016/j.resuscitation.2010.08.006
https://www.doi.org/10.1186/s13054-020-2773-2
https://www.doi.org/10.3390/nu15153462
https://www.doi.org/10.1186/s12872-020-01571-5
https://www.doi.org/10.1186/s12872-020-01571-5
https://www.doi.org/10.5603/demj.97553
https://www.doi.org/10.1016/j.resuscitation.2021.02.010
https://www.globalresuscitationalliance.org/cardiac-arrest-50-increase-in-survival-is-possible
https://www.globalresuscitationalliance.org/cardiac-arrest-50-increase-in-survival-is-possible
https://www.doi.org/10.1016/j.resuscitation.2021.02.007
https://www.doi.org/10.1017/S1049023X22002424
https://www.doi.org/10.3390/nu15020436
https://www.doi.org/10.1016/j.resuscitation.2016.06.004
https://www.doi.org/10.1016/j.resuscitation.2023.109842
https://www.doi.org/10.1016/j.resuscitation.2023.109842
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Overweight_and_obesity_-_BMI_statistics
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Overweight_and_obesity_-_BMI_statistics
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Overweight_and_obesity_-_BMI_statistics
https://www.doi.org/10.3390/biomedicines10020424
https://www.doi.org/10.1038/ejcn.2014.86
https://www.doi.org/10.1016/j.annemergmed.2017.07.484
https://www.doi.org/10.1186/s13054-020-03331-5
https://www.doi.org/10.1186/s13054-020-03331-5
https://revistacientificasanum.com/vol-6-num-2-abril-2022-sesgos-de-genero-en-diagnostico-y-tratamiento-de-enfermedades-cardiovasculares-revision-de-la-literatura
https://revistacientificasanum.com/vol-6-num-2-abril-2022-sesgos-de-genero-en-diagnostico-y-tratamiento-de-enfermedades-cardiovasculares-revision-de-la-literatura
https://revistacientificasanum.com/vol-6-num-2-abril-2022-sesgos-de-genero-en-diagnostico-y-tratamiento-de-enfermedades-cardiovasculares-revision-de-la-literatura
https://revistacientificasanum.com/vol-6-num-2-abril-2022-sesgos-de-genero-en-diagnostico-y-tratamiento-de-enfermedades-cardiovasculares-revision-de-la-literatura
https://www.doi.org/10.55633/s3me/E046.2022
https://www.doi.org/10.55633/s3me/E046.2022
https://www.doi.org/10.1371/journal.pone.0292067
https://www.doi.org/10.1371/journal.pone.0292067
https://www.doi.org/10.5114/amsad/176654
https://www.doi.org/10.1007/s11739-020-02552-4
https://www.doi.org/10.1186/s13054-015-0904-y
https://www.doi.org/10.1186/s13054-015-0904-y
https://www.doi.org/10.1161/CIRCULATIONAHA.120.050427
https://www.doi.org/10.1161/CIRCULATIONAHA.120.050427
https://www.doi.org/10.3390/ijerph16071165
https://www.doi.org/10.3390/ijerph16071165
https://www.doi.org/10.1038/s41569-022-00797-4
https://www.doi.org/10.1016/j.amjcard.2016.06.019
https://www.doi.org/10.1016/j.clnesp.2018.01.071
https://www.doi.org/10.1016/j.clnesp.2018.01.071
https://www.doi.org/10.1016/j.resplu.2023.100446
https://www.doi.org/10.1016/j.jcrc.2022.154025
https://www.doi.org/10.3389/fnut.2020.00053
https://www.doi.org/10.1093/eurheartj/ehad083

Adv Clin Exp Med. 2025;34(10):1637-1647

34.

35.

36.

37.

38.

39.

European Resuscitation Council (ERC), European Board of Anaesthe-
siology (EBA), European Society of Anaesthesiology (ESA). European
Standardisation of the in-hospital ‘Cardiac Arrest Call’ Number - 2222.
June 23, 2017. https://www.cercp.org/wp-content/uploads/2016/09/
Estandarizacion-Europea-Numero-PCR-Hospital.pdf. Accessed
May 3, 2024.

Matinrazm S, Ladejobi A, Pasupula DK, et al. Effect of body mass index
on survival after sudden cardiac arrest. Clin Cardiol. 2018;41(1):46-50.
doi:10.1002/clc.22847

Boukhris M, Aboyans V. The ‘obesity paradox’ in cardiovascular diseas-
es: Age matters! EurJ Prev Cardiol. 2022;29(10):1476-1478. d0i:10.1093
/eurjpc/zwac150

Navab E, Esmaeili M, Poorkhorshidi N, Salimi R, Khazaei A, Moghim-
beigi A. Predictors of out of hospital cardiac arrest outcomes in pre-
hospital settings: A retrospective cross-sectional study. Arch Acad
Emerg Med. 2019;7(1):36.

Pemberton K, Franklin RC, Bosley E, Watt K. Pre-hospital predictors
of long-term survival from out-of-hospital cardiac arrest. Australasian
Emerg Care. 2023;26(2):184-192. d0i:10.1016/j.auec.2022.10.006
Haskins B, Nehme Z, Andrew E, Bernard S, Cameron P, Smith K. One-
year quality-of-life outcomes of cardiac arrest survivors by initial
defibrillation provider. Heart. 2023;109(18):1363-1371. doi:10.1136/
heartjnl-2021-320559

40.

41.

42.

43,

44,

1647

Awad E, Humpbhries K, Grunau B, Besserer F, Christenson J. The effect
of sex and age on return of spontaneous circulation and survival
to hospital discharge in patients with out of hospital cardiac arrest:
Aretrospective analysis of a Canadian population. Resusc Plus. 2021;
5:100084. doi:10.1016/j.resplu.2021.100084

Johnson MA, Haukoos JS, Larabee TM, et al. Females of childbearing age
have a survival benefit after out-of-hospital cardiac arrest. Resuscitation.
2013;84(5):639-644. doi:10.1016/j.resuscitation.2012.09.011

Awad E, Christenson J, Grunau B, Tallon J, Humpbhries K. Sex differ-
ences in out-of-hospital cardiac arrest interventions within the prov-
ince of British Columbia, Canada. Resuscitation. 2020;148:128-134.
doi:10.1016/j.resuscitation.2020.01.016

Ho FC, Zheng WC, Noaman S, et al. Sex differences among patients
presenting to hospital with out-of-hospital cardiac arrest and shock-
able rhythm. Emerg Med Australas. 2023;35(2):297-305. doi:10.1111
/1742-6723.14117

Morrison LJ, Schmicker RH, Weisfeldt ML, et al. Effect of gender on out-
come of out of hospital cardiac arrest in the Resuscitation Outcomes
Consortium. Resuscitation. 2016;100:76-81. doi:10.1016/j.resuscitation.
2015.12.002


https://www.cercp.org/wp-content/uploads/2016/09/Estandarizacion-Europea-Numero-PCR-Hospital.pdf
https://www.cercp.org/wp-content/uploads/2016/09/Estandarizacion-Europea-Numero-PCR-Hospital.pdf
https://www.doi.org/10.1002/clc.22847
https://www.doi.org/10.1093/eurjpc/zwac150
https://www.doi.org/10.1093/eurjpc/zwac150
https://www.doi.org/10.1016/j.auec.2022.10.006
https://www.doi.org/10.1136/heartjnl-2021-320559
https://www.doi.org/10.1136/heartjnl-2021-320559
https://www.doi.org/10.1016/j.resplu.2021.100084
https://www.doi.org/10.1016/j.resuscitation.2012.09.011
https://www.doi.org/10.1016/j.resuscitation.2020.01.016
https://www.doi.org/10.1111/1742-6723.14117
https://www.doi.org/10.1111/1742-6723.14117
https://www.doi.org/10.1016/j.resuscitation.2015.12.002
https://www.doi.org/10.1016/j.resuscitation.2015.12.002

	Sex-related differences in the association of obesity described by emergency medical teams on outcom

