Tian et al. Diabetology & Metabolic Syndrome (2024) 16:292 Dia betology &
https://doi.org/10.1186/513098-024-01538-y .
Metabolic Syndrome

: ®
Impact of the obesity paradox on 28-day s

mortality in elderly patients critically ill
with cardiogenic shock: a retrospective cohort
study

JingTian", Ke Jin!, Haohao Qian' and Hongyang Xu'"

Abstract

Background Previous studies have shown that the obesity paradox exists in cardiovascular disease (CVD), giving
patients a survival advantage, but controversy remains as to whether it applies to patients with cardiogenic shock
(CS), especially in the elderly. We therefore aimed to determine whether obesity affects 28-day prognosis in elderly
patients with CS.

Methods We used clinical data from the Medical Information Market in Critical Care IV (MIMIC-IV) database. Criti-
cal patients with CS were categorized into two groups based on age; age < 65 years and > 65 years were classified
as young adult patients and elderly patients, respectively. Patients were then categorized into two subgroups based
on their body mass index (BMI), one with a BMI =30 kg/m? and the other with a BMI < 30 kg/m? The primary out-
come was a 28-day prognosis. Secondary outcomes were mechanical ventilation status, length of hospitalization,
and length of ICU stay.

Results 1827 patients from the MIMIC-IV ICU database were analyzed, of which 571 patients were < 65 years old
and 1256 patients were > 65 years old. According to multifactorial logistic analysis, BMI > 30 kg/m? was not a 28-day
risk factor for death in elderly patients critically ill with CS (Overweight OR 1.28, P=0.221; Obesity OR 1.15, P=0.709;
Severe obesity OR 1.46, P=0.521; using normal weight as a reference). In contrast, underweight was a risk factor (OR
242,P=0.039). Kaplan—-Meier curves showed that in the older age group, 28-day survival was significantly higher

in patients with BMI > 30 kg/m2 compared to those with BMI <30 kg/m2 261 (66.75%) vs. 522 (60.35%), P=0.024].

Conclusion Underweight affects the 28-day prognosis of critically ill elderly patients with CS. In contrast, overweight
and or obesity do not appear to have a significant impact on the prognosis of these patients.
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Background

Cardiogenic shock (CS) is a life-threatening syndrome of
cardiac insufficiency and systemic underperfusion with
high morbidity and mortality, with short-term mortal-
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and mechanical support devices, CS remains a major
cause of morbidity and mortality [4].

The prevalence of obesity is reaching pandemic propor-
tions worldwide. Obesity is an independent risk factor
for many cardiovascular diseases (CVD), including heart
failure, coronary heart disease, atrial fibrillation, and
hypertension. Therefore, it is logical to expect a strong
correlation between obesity and CVD mortality [5]. And
yet, the obesity paradox has led to a reexamination of the
impact of obesity on disease, particularly in CVD. Con-
trary to the morbidity known to be associated with the
development of CVD, a large body of data shows that
overweight and class I obese patients have an improved
short- and medium-term prognosis compared with non-
obese patients with confirmed CVD [6-8]. However,
the applicability to patients with CS remains controver-
sial, especially in the elderly population, on the one hand
because CS in elderly patients tends to be more prevalent
in the cardio-renal phenotype, showing greater conges-
tion, cardiorespiratory dysfunction and higher comor-
bidities burden [1], and on the other hand age-related
changes may alter the extent of the inhibitory effect of
adipokines and emphasize the role of obesity as a nutri-
ent reservoir [9], and finally But equally importantly, age
has been used as a known and immutable risk factor for
death in CS disease [10].

Therefore, the aim of this study was to determine
whether obesity could have an impact on the early prog-
nosis of elderly patients with CS.

Subjects and methods

Study design

This was a retrospective, observational cohort study, and
all relevant data were obtained from the Medical Infor-
mation Marketplace for Critical Care IV (MIMIC-1V), a
publicly accessible database compiled from the electronic
health records of Beth Israel Deaconess Medical Center
(BIDMC). The author (Jing Tian) obtained the neces-
sary authorization to access the database. It is important
to emphasize that our study focused on an analysis of a
third-party open-access database that had been approved
by the Institutional Review Board (IRB). Therefore, our
own institution’s IRB review process was determined to
be exempt.

Study population
In the database, disease diagnoses are based primarily on
International Classification of Diseases, Ninth and Tenth
Revision (ICD-9 and ICD-10) codes recorded by hospi-
tal staff. We identified 1827 as critically ill adult patients
diagnosed with CS (codes 78551, R570, T8111XA).
Patients were divided into two main groups, as fol-
lows: BMI > 30 kg/m?* and BMI < 30 kg/m?. Patients were
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further subdivided into the following categories based on
their BMI: underweight (<18.5 kg/m?), normal weight
(18.5-24.9 kg/m?), overweight (25-29.9 kg/m?), obe-
sity (30-39.9 kg/m?), and severe obesity (>40 kg/m?).
In addition, we categorized patients aged <65 years as
younger adult patients and those aged > 65 years as older
patients.

Variables and outcomes measures

Data related to baseline characteristics of patients within
24 h of ICU admission were extracted from the MIMIC-
IV database. These included demographic information
such as sex and age as well as basic clinical parameters.
Indicators of disease severity were retrieved, includ-
ing the Sequential Organ Failure Assessment (Sofa),
and Systemic Inflammatory Response Syndrome (Sirs).
In addition, Inflammation indicator [NLR (Neutrophil-
to-lymphocyte ratio) and CRP (C-reactive protein)],
arterial blood gas results, and clinical medications (epi-
nephrine, norepinephrine, dopamine, and furosemide)
were recorded. The patient’s mechanical ventilation, ICU
stay, and length of stay were also calculated. Combined
conditions were identified based on documented ICD-9
codes and included conditions such as hypertension,
diabetes mellitus, acute heart failure (AHF), acute renal
failure (ARF), chronic kidney disease (CKD), and stroke.
For variables with less than 5% missing data, mean inter-
polation was used as the data completion method. For
variables with missing values ranging from 5 to 40%, mul-
tivariate interpolation using the chained equations in R
(MICE) package provided a robust method of solving for
missing data [11].

In-hospitalization management and secondary out-
comes were mechanical ventilation status, length of hos-
pitalization and ICU stay. Primary outcome was 28-day
prognosis for critically ill patients with CS.

Statistical analysis

Categorical or discrete variables were compared using
chi-square or Fisher’s exact test. Continuous variables
were expressed as mean+SD and analyzed accord-
ing to their distribution using the unpaired t test or the
Mann—-Whitney rank sum test. In order to assess the
differential effect of BMI on 28-day mortality, we per-
formed the classification of BMI into subgroups (Under-
weight: <18.5 kg/m? Normal weight:18.5-24.9 kg/m?
Overweight: 25-29.9 kg/m? Obesity: 30-39.9 kg/m?
Severe obesity: >40 kg/m?), univariate and multivariate
logistic regression analyses were performed with normal
weight as the reference group, and the final results were
expressed in terms of odds ratios (OR) and 95% confi-
dence intervals (95% CI). Multivariate models were con-
structed using all variables with significance of P <0.05
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in univariate analysis and all clinically relevant variables.
Kaplan—Meier curves and log-rank tests were used to
compare differences in 28-day mortality between differ-
ent subgroups of patients.

A double-sided P<0.05 was regarded as statistically
significant. All statistical analysis was performed by the R
software (version 4.0.2) and SPSS 22.0 (IBM SPSS Statis-
tics, Armonk, NY, USA).

Results

Baseline characteristics

A total of 1827 critically ill patients with CS were included
in this study, of which 571 patients were<65 years old
and 1256 patients were>65 years old. Figure 1 shows
the BMI distribution of all critically ill patients with CS,
including obese, overweight, normal weight and under-
weight. In addition, subgroup analyses were performed
according to the age of the patients to demonstrate
the different distribution of BMI in younger and older
patients.

Table 1 summarizes the baseline characteristics of the
study population based on differences in BMI and age.

A total of 1827 critically ill patients with CS were
included. There were 387 males and 184 females in
the young group, of which, patients with BMI<30 kg/
m? accounted for 56.2% (321 patients) of the young
group and patients with BMI>30 kg/m? accounted
for 43.8% (250 patients), and there was no difference in
age between the two [56 (48, 61) years vs. 57 (48, 61)
years, P=0.652], and in the elderly patients there were
714 males and 542 females, of which, patients with
BMI < 30 kg/m? accounted for 68.9% (865 patients)of the
elderly group and those with BMI>30 kg/m?* accounted
for 31.1% (391 patients) of the elderly group, with a sig-
nificant difference in age [79 (72, 86) years vs. 75 (70,
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Fig. 1 Distribution of BMI subgroups in younger and older patients
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80) years, P<0.001] and inflammatory index [CRP (99
(87,110) mg/L vs. 92 (82,103) mg/L, P<0.001); NLR (9.0
(7.0, 11.0) vs. 92 (82,103), P=0.042] between them. In
addition, patients with BMI> 30 kg/m? were more likely
to develop comorbidities such as diabetes and acute heart
failure. In terms of Severity index, laboratory indices, and
arterial blood gases, several baseline characteristics were
similar between patients with BMI< 30 kg/m? and those
with BMI > 30 kg/m? in the younger and older groups. In
terms of clinical medications, patients with BMI > 30 kg/
m? had a higher rate of dopamine utilization than
patients with BMI < 30 kg/m?, including a statistically sig-
nificant rate of dopamine utilization in the older group.
[101 (25.83%) vs. 180 (20.81%), P =0.048].

In-hospital management and outcomes of patients
in both groups are recorded in Table 2. The utilization
rates of invasive mechanical ventilation in non-obese and
obese patients were essentially similar in the younger and
older groups [307 (53.77%) vs. 701 (55.81%), P=0.415],
with no significant differences. As for the duration of
mechanical ventilation, patients in the older group had a
much longer ventilation time than those in the younger
group. According to a between-group comparison of
elderly patients, the duration of mechanical ventilation
was longer in obese patients than in nonobese patients
[15.0 (0.0, 80.6) days vs. 13.0 (0.0, 66.0) days, P=0.602].
There was no significant difference in the length of hos-
pitalization and ICU stay in the younger group (P >0.05),
but in the older group, obese patients had a longer length
of hospitalization [11.3 (6.8, 18.0) days vs. 10.4 (5.9, 18.0)
days, P=0.046] and a longer ICU stay compared to non-
obese patients [5.2 (3.1, 9.4) days vs. 4.8 (2.6, 8.8) days,
P=0.020].

Figures 2 and 3 demonstrate the hospitalization and
ICU outcomes of patients of different ages according
to obesity or not. Compared with critically ill patients
with BMI>30 kg/m? in CS, patients with BMI<30 kg/
m? had higher in-hospital mortality [431 (36.34%) vs.
209 (32.61%), P=0.11] and ICU mortality [338 (28.50%)
vs. 157 (24.49%), P=0.07]. In the younger and older
groups, the in-hospital mortality rates for patients with
BMI<30 kg/m? and BMI>30 kg/m? were essentially
similar, with a 37.07% mortality rate for patients with
BMI<30 kg/m? in the younger group and a 36.07%
mortality rate for patients with BMI<30 kg/m? in the
older group. However, in the ICU mortality bar graph
presented in Fig. 2, the mortality rate of patients with
BMI>30 kg/m? in the older group was the lowest at
23.53%.

Figures 4 and 5 demonstrate the 28-day prognosis of
patients with BMI <30 kg/m?*and BMI > 30 kg/m? in the
younger and older groups. In the younger group, patients
with BMI>30 kg/m® had a higher 28-day survival
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Table 1 Baseline characteristics
Characteristic Younger Older
BMI<30 BMI>30 P-value BMI< 30 BMI>30 P-value
N=321 N=250 N=865 N=391
Age, years 56 (48,61) 57 (48,61) 0.652 79 (72, 86) 75 (70, 80) <0.001
BMI, kg/m2 26 (23,28) 35(32,39) <0.001 25(23,27) 34(32,38) <0.001
Sex 0.937 0.165
Male 218 (67.91%) 169 (67.60%) 503 (58.15%) 211 (53.96%)
Female 103 (32.09%) 81 (32.40%) 362 (41.85%) 180 (46.04%)
Comorbidities, %
Hypertension 0.166 0499
No 245 (76.32%) 178 (71.20%) 628 (72.60%) 291 (74.42%)
Yes 76 (23.68%) 72 (28.80%) 237 (27.40%) 100 (25.58%)
Diabetes 0.007 <0.001
No 240 (74.77%) 161 (64.40%) 546 (63.12%) 172 (43.99%)
Yes 81 (25.23%) 89 (35.60%) 319 (36.88%) 219 (56.01%)
AHF 0.006 0.081
No 176 (54.83%) 108 (43.20%) 379 (43.82%) 192 (49.10%)
Yes 145 (45.17%) 142 (56.80%) 486 (56.18%) 199 (50.90%)
CKD 0.257 0.256
No 205 (63.86%) 171 (68.40%) 551 (63.70%) 262 (67.01%)
Yes 116 (36.14%) 79 (31.60%) 314 (36.30%) 129 (32.99%)
ARF 0.246 0.922
No 102 (31.78%) 91 (36.40%) 294 (33.99%) 134 (34.27%)
Yes 219 (68.22%) 159 (63.60%) 571 (66.01%) 257 (65.73%)
Severity index
Sofa score 8.0(5.0,11.0) 70(5.0,100) 0233 8.0 (5.0,10.0) 7.0(5.0,10.0) 0434
Sirs score 30(20,30) 3.0(2.0,3.0) 0.708 3.0(2.0,3.0) 3.0(2.0,3.0) 0408
Inflammation indicator
NLR 76(6.2,9.1) 74(6.2,88) 0405 9.0(7.0,11.0) 9.0(7.0,11.0) 0.042
CRP, mg/L 87 (74,98) 90 (75,106) 0.022 92 (82,103) 99 (87,110) <0.001
Arterial blood gas
PH 7.35(7.27,741) 7.36(7.28,7.42) 0.261 7.36(7.28,7.41) 7.37(7.29,7.42) 0.207
PaCO,, mmHg 40 (36,47) 42 (35,48) 0.455 40 (35, 46) 40 (34,47) 0.537
PaO,, mmHg 89 (50, 169) 79 (42,144) 0.085 88 (45,175) 88 (42,163) 0.781
PaO,/FiO, 93 (56, 184) 84 (45,158) 0.065 90 (46,177) 93 (46, 166) 0.859
Lactate, mmol/L 240 (1.60, 3.80) 2.10(1.43,3.32) 0.017 2.30(1.50, 3.70) 2.23(1.50, 3.40) 0.301
Medicine use, %
Eepinephrine use 0.676 0433
No 243 (75.70%) 193 (77.20%) 655 (75.72%) 288 (73.66%)
Yes 78 (24.30%) 57 (22.80%) 210 (24.28%) 103 (26.34%)
Norepinephrine use 0.939 0.075
No 112 (34.89%) 88 (35.20%) 285 (32.95%) 149 (38.11%)
Yes 209 (65.11%) 162 (64.80%) 580 (67.05%) 242 (61.89%)
Dopamine use 0.080 0.048
No 255 (79.44%) 183 (73.20%) 685 (79.19%) 290 (74.17%)
Yes 66 (20.56%) 67 (26.80%) 180 (20.81%) 101 (25.83%)
Furosemide use 0.659 0.788
No 94 (29.28%) 69 (27.60%) 223 (25.78%) 98 (25.06%)
Yes 227 (70.72%) 181 (72.40%) 642 (74.22%) 293 (74.94%)

BMI Body mass index, AHF Acute heart failure, CKD Chronic kidney disease, ARF Acute renal failure, SOFA score Sepsis-related organ failure score, Sirs score Systemic

inflammatory response syndrome score, CRP C-reactive protein, NLR neutrophil-to-lymphocyte ratio
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Table 2 In-hospital management and secondary outcomes
Characteristic Younger Older
BMI<30 BMI>30 p-value BMI<30 BMI>30 p-value
N=321 N=250 N=865 N=391
MV use, % 0.210 0.978
No 141 (43.93%) 123 (49.20%) 382 (44.16%) 173 (44.25%)
Yes 180 (56.07%) 127 (50.80%) 483 (55.84%) 8 (55.75%)
MV time, days 1(26,85) 3(27,8: 4) 0.293 13.0 (0.0, 66.0) 0(0.0,80.6) 0.602
Length of hospital stay, days 5(5.3,17.5) 2(56,17.9) 0.608 104 (5.9, 18.0) 3(6.8,18.0) 0.046
Length of ICU stay, days 1(26,8.5) (2 7,8 4) 0.713 8(26,8.8) 2(3.1,94) 0.020
MV mechanical ventilation, ICU Intensive Care Unit
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rate compared to patients with BMI<30 kg/m? [196
(62.80%) vs. 157 (61.06%), P=0.54]. In the elderly group,
28-day survival was statistically significantly higher in
patients with BMI>30 kg/m? compared to those with
BMI < 30 kg/m? [261 (66.75%) vs. 522 (60.35%), P =0.024].

Univariate and multivariate logistic regression analy-
ses revealed a significant correlation between BMI clas-
sification and 28-day mortality in older patients, but not

and 1.14 (P=0.774), respectively, using the normal
weight group as a reference. In elderly patients, the OR
of 28-day mortality was 2.42 (P=0.039), 1.28 (P=0.221),
1.15 (P=0.709), and 1.46 (P=0.521) for underweight,
overweight, obesity, and severe obesity, respectively,
using the normal weight group as a reference. In addi-
tion, diabetes mellitus, disease severity score (Sofa score
and Sirs score), arterial blood gas analysis (PH, PaO,,
PaCO,/FiO, and lactate), inflammation indicator (NLR),
norepinephrine use and furosemide use had a significant
effect on 28-day mortality in elderly patients (P < 0.05).
Figures 6 and 7 show the correlation between NLR and
PaO,/FiO,. The correlation between NLR and PaO,/FiO,
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Fig. 5 28-day prognosis of patients with BMI < 30 kg/m?
and BMI =30 kg/m? in the elderly group

was not statistically significant in the younger group of
patients (r=— 0.02, p=0.562), but was significant in the
elderly patients (r=— 0.23, p=0.012), where the opposite
correlation was observed.

Discussion

In this cohort study involving adult intensive care CS
patients, we stratified the analysis according to age and
BMLI. Elderly patients with a BMI>30 kg/m2 had the best
prognostic outcome at 28 days, with a survival rate of
66.75%, and, compared with younger patients and elderly
patients with a BMI<30 kg/m? elderly patients with a
BMI>30 kg/m? had a lower in-hospital mortality and
ICU mortality were lower, despite longer ICU stays. This
is despite the fact that underweight (BMI<18.5 kg/m?)
was demonstrated to be a confirmed risk factor for death
at 28 d in elderly critically ill patients with CS by univari-
ate and multivariate logistic analyses [OR 2.02, 95%CI
(1.06, 3.87), P=0.033]. However, overweight or obesity,
to some extent, does not have a significant effect on the
28-day prognosis of elderly CS patients.

The obesity paradox is not a new discovery. As early
as 2002, Gruberg [12] et al. first observed that the 1-year
mortality rate of normal weight patients with coronary
artery disease after percutaneous coronary interven-
tion was significantly lower than that of overweight and
obese patients (P <0.05). Subsequent studies covered by
the umbrella term ’reverse epidemiology’ have further
confirmed this phenomenon [13], particularly in car-
diovascular diseases [14—16]. For example, in a study of
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7767 patients with stable heart failure, Curtis [17] et al.
found that overweight and obese patients had a signifi-
cantly lower risk of death than healthy weight patients
(risk ratios of 0.88 and 0.81, respectively). In a study of
BMI and mortality in 64,436 patients with acute coronary
syndromes (ACS), Oska [18] et al. found that patients
who were underweight (BMI<18.5 kg/m?) had the high-
est risk of death, whereas moderately overweight (BMI
26.5-28 kg/m?) patients had the lowest risk of death
when receiving medical therapy and coronary interven-
tions, and there was a U-shaped relationship between
BMI and risk of death, with overweight or obese patients
having the lowest risk of death and normal-weight and
underweight patients having the highest risk. Despite
this, the theory of the obesity paradox remains contro-
versial in patients with CS [19]. And according to our
findings, overweight or obesity did not significantly affect
the 28-day mortality of young and elderly CS patients.

Excess adipose tissue leads to an increase in the meta-
bolic demands of the body [20]. And this extra tissue in
turn increases the total circulating blood volume through
increased output per beat [21]. As blood circulates back
to the heart through the venous system, the increased
cardiac load leads to a corresponding increase in wall ten-
sion and stress in the left and right ventricles [22]. With
this hyperdynamic circulation, hemodynamic overload,
and increased cardiac output, the patient’s biventricles
become hypertrophied, and in the long run, complete
heart failure develops and cardiac output decreases [23,
24]. Whereas CS is an acute process involving pump fail-
ure leading to myocardial and systemic underperfusion
with compensatory physiologic mechanisms, it spirals
into a vicious cycle leading to multiorgan dysfunction
[25]. Previous literature elucidates that cardiac power is
equal to cardiac index multiplied by mean arterial pres-
sure and is closely related to mortality in patients with CS
[26]. The higher mortality in patients with a low cardiac
power index is due to the fact that the cardiac index in
this equation has cardiac output as the numerator and
BMI as the denominator, so patients with higher BMI
values may have a lower cardiac index, which in turn
leads to lower cardiac power [25]. This may well explain
why the prognosis of obese patients in the event of CS
remains controversial.

Our study showed that there were significant differ-
ences in in-hospital mortality, ICU mortality, and 28-day
mortality between patients with a BMI<30 kg/m?* and
those with a BMI>30 kg/m? in both the younger and
older age groups, with a significantly higher 28-day sur-
vival rate for patients with a BMI>30 kg/m? in the older
age group. Yet based on previous research, the obesity
paradox seems to be contradictory. In the latest research
examining mechanical circulatory aids for CS and
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Table 3 Univariate and multivariate analysis of risk factors for 28-day mortality in critically ill patients with CS
Younger Older
OR 95% ClI p-value OR 95%Cl P-value OR 95% CI P-value OR 95%Cl P-value
Age, years 1.00 0.98,1.02 0.868 - - - 1.10 0.98,1.01 04504 - - -
Sex
Male - - - - - - - - - - - -
Female 1.10 0.77,1.57 0612 - - - 1.92 0.73,1.16 0485 - - -
BMI
Normal weight - - - - - - - - - - - -
Underweight 1.59 089,464 0.269 228 052,161 0408 2.55 112,155 0027 242 102,157 0.039
Overweight 0.67 092,126 0365 074 069,122 0.068 1.04 092,196 0.104 128 138,199 0.221
Obesity 0.98 0.78,1.05 0.221 092 099,125 0335 1.06 083,153 0.062 115 186,245 0.709
Severe obesity 1.22 143,207 0525 114 068,218 0774 132 079,208 0531 146 088,140 0521
Comorbidities
Hypertension
No - - - - - - - - - - -
Yes 1.27 1.10,214 0018 145 121,209 0.024 1.25 071,143  0.072 - - -
Diabetes
No - - - - - - - - - -
Yes 1.04 0.38,1.20 0.046 1.02 078,122 0018 173 1.06,1.12 0011 112 092,203 0.021
AHF
No - - - - - - - - - - -
Yes 1.10 069,145 0.550 - - - 113 067,122 0231 - - -
CKD
No - - - - - - - - - - -
Yes 1.26 1.12,1.88  0.042 1.04 081,132 0412 1.74 132,224 0.004 122 082,267 0286
ARF
No - - - - - - - - - - -
Yes 1.68 1.03,1.76  0.032 136 092,210 0.028 1.02 121,187 0214 - - -
Severity index
Sofa score 113 1.08,1.19  <0.001 155 078,094  <0.001 112 122,179  <0.001 192 083,174 <0.001
Sirs score 1.44 117,177 <0.001 121 093,158 0.152 1.35 109,196  <0.001 156 079,148 0.008
Inflammation indicator
CRP, mg/L 2.09 122,172 0.107 - - - 1.21 092,122 0.008 182 102,163 0212
NLR 1.20 092,198 0.002 132 120,221 0014 1.1 1.04,1.59 0.047 159 121,129 0032
Arterial blood gas
PH 0.81 044,988 092 - - - 0.75 0.55,0.73  <0.001 462 105445 0.006
PaCO,, mmHg 1.01 099,102 0325 - - - 1.03 099,131 0541 - - -
PaO,, mmHg 0.90 1.19,1.89  0.032 083 099,120 0.028 0.69 153,170  0.035 094 130,169 0.040
PaO,/FiO, 0.92 111,156 0.006 096 1.00,158 0.042 0.74 1.00,1.04  0.032 089 120,252 0014
Lactate, mmol/L 1.04 117,113 <0.001 122 101,144 0021 2.02 106,108 <0001 127 109,136 <0.001
Medicine use
Eepinephrine use
No - - - - - - - - - - -
Yes 1.1 0.74,1.64 0618 - - - 1.19 067,140 0.023 182 102,229 0389
Norepinephrine use
No - - - - - - - - - - -
Yes 1.32 092,189 0.170 - - - 213 110,344  <0.001 127 129,304 <0001
Furosemide use
No - - - - - - - - - - -
Yes 041 1.07,233  0.020 036 023,059 <0.001 0.84 042,096  <0.001 052 076,169 <0.001
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Table 3 (continued)
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BMIBody mass index, AHF Acute heart failure, CKD Chronic kidney disease, ARF Acute renal failure, SOFA score Sepsis-related organ failure score, Sirs score Systemic
inflammatory response syndrome score, CRP C-reactive protein, NLR Neutrophil-to-lymphocyte ratio

NLR

Pa0,/Fi0,
Fig. 6 Correlation between NLR and PaO,/FiO, in younger patients

NLR
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Fig. 7 Correlation between NLR and PaO,/FiO, in elderly patients

obesity, Sreenivasan and his colleagues noted a consistent
increase in mortality within the hospital among patients
with moderate to severe obesity compared to those with-
out obesity [27]. In contrast, in an analysis by Kwon et al.,
the obesity paradox was found to exist in patients with CS
does exist and apparently occurs in males with CS, with
a significant reduction in in-hospital mortality in obese
male patients compared with non-obese male patients
(24.1% vs. 34.2%, P=0.004) [8]. In addition to the effects
of obesity on cardiac function, the presence of these two
outcomes may also be related to the body mass index
itself, which is not a direct indicator of body fat content
or of the potential harm that may result from obesity.
BMI represents the total of the fat mass index (composed
of peripheral and visceral fat tissue) and the lean mass
index (responsible for skeletal muscle mass, bones, and
organs) [28]. Goyal suggests that the increased fat tissue
may play a protective role ("healthy obesity"), but more
commonly, fat tissue is harmful ("unhealthy obesity"),
leading to metabolic abnormalities and a low inflam-
matory state, both of which are important components
of metabolic syndrome [29]. Therefore, it is difficult to
determine true obesity solely by using BMI. In addition,

due to the presence of obesity, obese patients may be
diagnosed with diseases (e.g., cardiovascular disease) ear-
lier than normal-weight patients, which may be a source
of diagnostic time bias, which in turn may affect the
patient’s prognosis [30].

In our study it was also found that underweight in
elderly patients is increases the risk of death by 28 days.
I Not only that, inflammation indicator (NLR) can affect
the prognosis of these individuals. It is always known that
the body changes with age. Aging is associated with sig-
nificant decreases in energy expenditure, loss of skeletal
muscle mass, and increased accumulation of visceral fat
[31, 32], whereas in the elderly population sarcopenia
is associated with weakness, overall functional impair-
ment, and poor survival [33-35]. In addition, several
adipokines that can be secreted by adipose tissue (e.g.,
lipocalin, apelin, and reticulin) have been shown to
be cardioprotective and to exert a variety of beneficial
effects on cardiovascular function [36], whereas under-
weight elderly patients lack certain fat reserves, and,
therefore, the myocardial protection is correspondingly
diminished. This conclusion of ours has been similarly
reported previously, when a cross-sectional study in the
United States showed that among people under 40 years
of age, the risk of CVD was higher in low weight individ-
uals, reaching 2.3 times that of normal weight individu-
als [37]. Overweight and obesity were associated with
better survival in diabetic STEMI patients in a study that
found that only underweight patients were more likely
to experience CS (OR=1.25) [38]. There are few studies
on inflammatory indicators (NLR) on cardiovascular dis-
ease. Shah [39] et al. found that NLR >4.5 independently
predicted long-term mortality in patients with coronary
heart disease in the general healthy population (HR 2.68,
95% CI 1.07-6.72, P=0.035). In Basem et al’s [40] study
of the long-term prognosis of patients with non-ST-seg-
ment elevation myocardial infarction, it was found that
the mean NLR level remained a significant predictor of
hospitalization and 4-year mortality in patients, with an
increased HR per unit increase in mean NLR (log) of 1.06
(P<0.05) and 1.09 (P<0.05), respectively. CS is a seri-
ous complication of cardiovascular disease and is closely
related to systemic inflammation [41]. Cardiogenic shock
is a serious complication of cardiovascular disease and is
closely associated with systemic inflammation [41]. NLR
can be considered as a robust prognostic marker for pre-
dictors of disease severity and mortality. It is closely asso-
ciated with immune system disorders and can be used as
a predictor of disease severity and mortality, especially
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in diseases characterized by systemic inflammation [42].
The importance of NLR for the diagnosis and manage-
ment of cardiovascular disease and for determining the
severity of the systemic inflammatory response, espe-
cially in elderly patients, was mentioned in the report by
Buonacera and colleagues [43].

In a study by Regolo et al. [42], a significant negative
correlation was found between NLR and PaO,/FiO,,
suggesting that NLR plays a key role in patients with
worsening PaO,/FiO,, but also implying that immune
system dysfunction is present in such patients and
may be strongly associated with mortality risk. In our
study, we found that CS patients may have decreased
PaO,/FiO, due to systemic acute or chronic inflamma-
tion. PaO,/FiO, was found to be an influential factor in
patients’ 28-day mortality by logistic multifactorial, both
in younger and elderly patients. Combined with the fact
that CS is strongly associated with systemic inflammatory
response, we further explored the relationship between
NLR and PaO,/FiO,, and came to a similar conclusion as
Regolo et al. [42] that there was a significant correlation
between NLR and PaO,/FiO, in elderly patients. This
reinforces the predictive value of NLR in elderly patients
with CS.

Limitations

There are several limitations to this study. First, this was
a single-center retrospective cohort study based on the
MIMIC-IV database, which includes primarily West-
ern populations and may have challenges in represent-
ing diverse populations. In addition, the database only
included patients admitted to the intensive care unit, i.e.,
those with more severe conditions. Second, because this
study relied on database analysis, the correlation between
time to BMI detection and patient admission to the ICU
remains unclear. And we were unable to derive informa-
tion on how long the patient had been in CS. Third, we
only used BMI to assess obesity. We did not have other
measures of obesity that are more relevant to cardiovas-
cular prognosis, such as visceral fat. It would be helpful if
more studies included different nutritional metrics, and
although BMI is a widely used metric, it may not accu-
rately reflect nutritional status given confounding factors
such as fluid retention.

Conclusion

We observed that underweight increased the risk of
death within 28 days in elderly patients with severe CS,
whereas overweight or obesity do not appear to have a
significant impact on the prognosis of these patients.
Understanding the age-specific effects of obesity in CS
patients is necessary for clinical work on nutrition and
treatment regimens, and it is important to emphasize
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that further studies in the shock setting are still needed to
confirm this finding in the future.
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