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Abstract

Aims There are limited data about the relationship between body mass index (BMI) and left ventricular ejection fraction (EF)
in patients with heart failure (HF). The study aims to assess the correlation between BMI and left ventricular EF under HF
conditions.
Methods and results We derived the data from the Dryad Digital Repository for analysis, and the information of the original
patients was obtained from the MIMIC-III database by the data uploader. We performed smooth curve and two piecewise
linear regression analyses to evaluate the association between BMI and EF in HF patients. A total of 962 participants were
included in this study, with age of 73.7 ± 13.5 years, and 475 participants were male (49.4%). The results of the smooth curve
supported a U-shaped relationship between BMI and EF, and the inflection point was found to be a BMI of 23.3 kg/m2 in these
HF patients. After adjusting for potential confounders, we found that EF decreased with increasing BMI up to the inflection
point (β = �0.7, 95% CI �1.3 to �0.1, P = 0.028), whereas beyond the turning point, the relationship between EF and BMI
showed a positive correlation (β = 0.2, 95% CI 0.1–0.3 P < 0.001). Importantly, ischaemic heart disease (interaction
P = 0.0499) and hyperlipidaemia (interaction P = 0.0162) affected the association between BMI and EF in the lower BMI group
(BMI < 23.3 kg/m2), although only diabetes mellitus (interaction P = 0.0255) altered the association between BMI and EF in
the higher BMI group (BMI ≥ 23.3 kg/m2).
Conclusions In addition to higher BMI, we also found that lower BMI is related to higher EF in intensive care unit patients
with HF, supporting a U-shaped association between BMI and EF.
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Introduction

Heart failure (HF) is an end-stage clinical manifestation of
organic heart disease, and it has become a major public
health problem worldwide. According to the latest guidelines,
the current incidence of HF in Europe is approximately
5/1000 person-years in adults.1 In China, the prevalence rate
of adult HF is 0.9%, and the fatality rate of hospitalized
patients with HF is 4.1%.2

Left ventricular ejection fraction (EF) is generally used as a
classification criterion for HF3: HF with reduced EF (HFrEF,

EF ≤ 40%), HF with mildly reduced EF (HFmrEF, EF 41–49%),
and HF with preserved EF (HFpEF, EF ≥ 50%). HF with im-
proved EF (HFimpEF) is classified separately as EF ≤ 40% at
baseline, EF > 40% at second measurement, and a ≥10%
point increase from baseline EF,3 respectively. Therefore,
the discovery of some modifiable risk factors that are associ-
ated with EF can help to better determine the status of HF for
aggressive treatment.

Body mass index (BMI) is the most commonly used index
to measure the degree of obesity. Obesity, a modifiable
cardiovascular disease risk factor,4 has been shown to be
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associated with an increased risk of HF and cardiovascular
disease,5,6 whereas other studies have shown that patients
with HF with an overweight BMI have a better prognosis.7,8

There is a phenomenon called the ‘obesity paradox’ in many
diseases, such as diabetes,9 chronic kidney disease,10 atrial
fibrillation (AF),11 hypertension,12 and stroke13; that is, the
prognosis of overweight or moderately obese patients seems
to be better than that of patients with a normal BMI. Several
studies have found that all-cause mortality of patients with
HFrEF is generally higher than that of patients with
HFpEF,14,15 and for HFrEF patients, improving left ventricular
systolic function through some treatments can improve the
prognosis.16,17 Other studies have also found that patients
with improved EF have better outcomes than those with per-
sistent EF reduction.18,19 The above evidence suggests that EF
is closely related to the risk of death in patients with HF.
Recently, a higher BMI was found to be closely related to
EF recovery in patients with dilated cardiomyopathy.20 As
the relationship between obesity and EF is unclear, further
confirmation is needed. The aim of our study was to further
evaluate the association between BMI and EF in HF patients
to provide additional evidence.

Materials and methods

Data source

We used the data downloaded from the Dryad Digital
Repository for secondary analysis (Dryad data package: Zhou,
Jingmin et al. (2021), Prediction model of in-hospital mortal-
ity in intensive care unit (ICU) patients with heart failure:
machine learning-based, retrospective analysis of the
MIMIC-III database, Dryad, Dataset, https://doi.org/10.
5061/dryad.0p2ngf1zd). Dyrad is a non-profit repository that
stores research data in the fields of medicine, biology, and
ecology. It is open to the world and can be downloaded
and reused free of charge. Dyrad is committed to promoting
the flow of scientific data and providing researchers with easy
access to high-quality data resources. Because this was a post
hoc study using existing research data, informed consent was
waived.

Study population and handling of missing data

The original information of HF patients was obtained from
the MIMIC-III database (V.1.4, 2016), a public critical care da-
tabase that contains records of 46 520 patients and 58 976
admissions at Beth Israel Deaconess Medical Center from
2001 to 2012.21 The data uploaded by Zhou et al. on Dryad
included 1177 adult patients with HF, all of whom had left
ventricular EF data. We conducted further data screening
according to the study design, excluding 215 patients with

missing BMI data. Ultimately, 962 patients were enrolled in
this study. To handle missing data, according to the descrip-
tion of Li et al.,22 we retained variables with less than 25%
missing values, and for the continuous variables of normal
distributions, the missing values were replaced by the mean
value. For the continuous variables with skewed distribu-
tions, the missing values were replaced by the median value.
There were no missing dichotomous variables in this study.

Covariates

Variables that might be related to BMI and EF needed to be
adjusted to increase the reliability of the results. This mainly
included demographic data (age and gender), clinical
co-morbidities [hypertension, AF, ischaemic heart disease,
diabetes mellitus, hypoferric anaemia, depression, hyperlipid-
aemia, chronic renal insufficiency, and chronic obstructive
pulmonary disease (COPD)].

Statistical analysis

Normally distributed data are presented as the mean (SD),
skewed distributions are expressed as the median [interquar-
tile range (IQR)], and categorical variables are expressed as n
(%). To compare the differences between groups, we used
independent t-tests (normal distribution), Mann–Whitney U
tests (skewed distribution), and chi-square tests (categorical
variables) for analysis.

First, we implemented a smooth curve to estimate BMI
and EF. Then, according to the fitting result of the smooth
curve and log likelihood ratio test, a two-piecewise linear
regression model was performed to evaluate the relationship
between BMI and EF. We used adjusted models to make the
results more reliable (crude model: adjusted for no. Model 1:
adjusted for age and sex. Model 2: adjusted for age, sex,
hypertension, AF, ischemic heart disease, diabetes mellitus,
hypoferric anaemia, depression, hyperlipidaemia, and COPD).
Finally, subgroup analysis and interaction analysis were per-
formed to identify potential modifiers.

We used the statistical packages R for all data analyses
(The R Foundation; http://www.r-project.org; version 3.4.3)
and Empower (R) (www.empowerstats.com, X&Y Solutions,
Inc. Boston, MA). P < 0.05 was considered a statistically
significant criterion.

Results

Characteristics of participants

A total of 962 participants were enrolled in this study, with an
age of 73.7 ± 13.5 years old, and 475 participants were male
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(49.4%). We divided all participants into two groups based on
the BMI turning points shown in Figure 1 (BMI < 23.3 kg/m2,
BMI ≥ 23.3 kg/m2). Compared with the high-BMI participants
(BMI ≥ 23.3 kg/m2), participants with a low BMI
(BMI < 23.3 kg/m2) had significantly higher age and higher
levels of platelet count, neutrophils, and NT-proBNP, as well
as a lower male ratio, decreased urine output (first 24 h),
and lower levels of creatinine, blood urea nitrogen, glucose,
and bicarbonate. In addition, compared with high-BMI partic-
ipants, low-BMI participants tended to have a lower rate of
AF, diabetes mellitus, and chronic renal insufficiency. More
details are shown in Table 1.

Association of BMI with EF

The non-linear association between EF and BMI was exam-
ined before and after adjustment for confounding factors.
After fully adjusting for the confounding factors of age, gen-
der, hypertension, AF, ischaemic heart disease, diabetes
mellitus, hypoferric anaemia, depression, hyperlipidaemia,
chronic renal insufficiency, and COPD, the smooth curve sup-
ported a U-shaped relationship between serum BMI and EF in
these HF patients (P = 0.009) (Figure 1), and the turning point
was BMI = 23.3 kg/m2. P for the log-likelihood ratio test was
less than 0.05, indicating that the two-piecewise linear
regression model was suitable for fitting the association
between BMI and EF. After adjusting for the above confound-
ing factors, the EF decreased with increasing BMI up to the
inflection point (β = �0.7, 95% CI �1.3 to �0.1, P = 0.028).
However, beyond the inflection point, EF and BMI showed a
positive correlation (β = 0.2, 95% CI 0.1–0.3 P < 0.001)
(Table 2).

Subgroup analysis and interaction analysis

Stratified analyses were performed using gender, hyperten-
sion, AF, ischaemic heart disease, diabetes mellitus,
hypoferric anaemia, depression, hyperlipidaemia, chronic
renal insufficiency, and COPD as stratification variables to
assess the association between BMI and EF, as shown in
Table 3. Interestingly, we found interactions for
ischaemic heart disease (interaction P = 0.0499) and
hyperlipidaemia (interaction P = 0.0162) in the low-BMI
group (BMI < 23.3 kg/m2), whereas there was an interaction
for diabetes mellitus (interaction P = 0.0255) in the high-BMI
group (BMI ≥ 23.3 kg/m2). In the low-BMI group
(BMI < 23.3 kg/m2), a stronger association between BMI
and EF was present in patients without hyperlipidaemia
(P = 0.0190). In the high-BMI group (BMI ≥ 23.3 kg/m2), a
stronger positive correlation between BMI and EF was
present in patients with diabetes mellitus (P = 0.0004).

Discussion

In this study of 962 participants, we found a U-shaped asso-
ciation between BMI and EF in HF patients after adjusting
for important identified confounders. The inflection point
for the curve was found to be a BMI of 23.3 kg/m2. To the
best of our knowledge, we are the first to find that a lower
BMI is related to higher EF in ICU patients with HF, in addition
to a previous report relating to a higher BMI.

Obesity is an important risk factor for cardiovascular
diseases.23 Previous studies have focused on the relationship
between obesity and mortality. There was a J-shaped or
U-shaped relationship between BMI and mortality in the

Figure 1 Smooth curve on association between BMI and EF. Adjustment factors included age, gender, hypertension, atrial fibrillation, ischaemic heart
disease, diabetes mellitus, hypoferric anaemia, depression, hyperlipidaemia, chronic renal insufficiency, and chronic obstructive pulmonary disease.
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Table 1 Clinical characteristics of patients with heart failure during the ICU

Variables Total BMI < 23.3 BMI ≥ 23.3 P-value

N 962 188 774
Age, mean (SD), years 73.7 (13.5) 79.2 (11.6) 72.4 (13.6) <0.001
Heart rate, mean (SD), bpm 84.1 (16.0) 86.2 (16.2) 83.6 (16.0) 0.049
Systolic blood pressure, mean (SD),
mmHg

117.6 (17.1) 117.9 (17.5) 117.5 (17.0) 0.741

Diastolic blood pressure, mean (SD),
mm Hg

59.6 (10.5) 58.7 (10.6) 59.8 (10.5) 0.189

Respiratory rate, mean (SD), bpm 20.8 (4.0) 21.3 (4.2) 20.6 (3.9) 0.078
Temperature, mean (SD), °C 36.7 (0.6) 36.6 (0.6) 36.7 (0.6) 0.177
SPO2, mean (SD), % 96.2 (2.3) 96.6 (2.0) 96.2 (2.4) 0.016
Urine-output (first 24 h),
median (Q1–Q3), mL

1685.0 (1009.2–2540.0) 1360.0 (897.8–1897.5) 1753.0 (1067.5–2665.0) <0.001

Haematocrit, mean (SD), % 31.9 (5.2) 31.6 (4.9) 32.0 (5.3) 0.414
Red cells, mean (SD), ×10∧12/L 3.6 (0.6) 3.5 (0.6) 3.6 (0.6) 0.180
MCH, mean (SD), pg 29.5 (2.6) 29.7 (2.7) 29.4 (2.6) 0.225
MCHC, mean (SD), % 32.9 (1.4) 32.9 (1.4) 32.9 (1.4) 0.589
MCV, mean (SD), fL 89.7 (6.5) 90.2 (6.4) 89.6 (6.6) 0.275
RDW, mean (SD), % 15.9 (2.1) 15.7 (2.0) 16.0 (2.1) 0.089
White cells, mean (SD), ×10∧9/L 10.6 (5.3) 11.1 (5.3) 10.5 (5.3) 0.186
Platelet count, median (Q1–Q3),
×10∧9/L

222.4 (166.9–303.5) 246.6 (187.7–318.7) 217.8 (163.2–296.7) 0.001

Neutrophils, mean (SD), % 79.9 (10.5) 81.0 (12.0) 79.7 (10.0) 0.011
Lymphocytes, median (Q1–Q3), % 10.6 (7.2–15.0) 10.6 (6.3–13.0) 10.6 (7.5–15.3) 0.016
PT, mean (SD), s 17.6 (7.5) 17.4 (6.7) 17.6 (7.7) 0.771
INR, median (Q1–Q3) 1.3 (1.1–1.7) 1.3 (1.1–1.7) 1.3 (1.1–1.7) 0.886
NT-proBNP, median (Q1–Q3), pg/mL 5953.0 (2276.5–15077.0) 8579.5 (3197.5–17819.9) 5402.5 (2092.4–13652.1) 0.030
Creatine kinase (CK),
median (Q1–Q3), IU/L

91.0 (51.8–173.7) 86.8 (42.7–145.4) 91.0 (56.0–175.0) 0.006

Creatinine, median (Q1–Q3), mg/dL 1.3 (1.0–1.9) 1.2 (0.9–1.7) 1.4 (1.0–2.0) 0.009
Blood urea nitrogen,
median (Q1–Q3), mg/dL

31.2 (21.5–45.4) 29.0 (20.1–39.9) 31.9 (21.9–46.9) 0.018

Glucose, mean (SD), mEq/L 150.0 (51.1) 142.1 (43.6) 152.0 (52.6) 0.017
Potassium, mean (SD), mEq/L 4.2 (0.4) 4.1 (0.4) 4.2 (0.4) 0.054
Sodium, mean (SD), mEq/L 138.9 (4.0) 138.9 (4.4) 138.9 (3.9) 0.899
Calcium, total, mean (SD), mg/dL 8.5 (0.6) 8.5 (0.6) 8.5 (0.6) 0.198
Chloride, mean (SD), mEq/L 102.2 (5.2) 103.1 (5.4) 102.0 (5.2) 0.012
Anion gap, mean (SD), mEq/L 14.0 (2.7) 14.0 (2.5) 13.9 (2.7) 0.675
Magnesium, mean (SD), mg/dL 2.1 (0.2) 2.1 (0.2) 2.1 (0.3) 0.107
Bicarbonate, mean (SD), mEq/L 26.9 (5.2) 25.9 (4.7) 27.2 (5.3) 0.003
Lactate, median (Q1–Q3), mmol/L 1.6 (1.3–2.0) 1.6 (1.3–2.1) 1.6 (1.3–2.0) 0.735
LVEF, mean (SD), % 48.5 (12.9) 49.8 (13.0) 48.2 (12.9) 0.120
Gender 0.010

Male (n, %) 475 (49.4%) 77 (41.0%) 398 (51.4%)
Female (n, %) 487 (50.6%) 111 (59.0%) 376 (48.6%)

Hypertension 0.408
No (n, %) 269 (28.0%) 48 (25.5%) 221 (28.6%)
Yes (n, %) 693 (72.0%) 140 (74.5%) 553 (71.4%)

Atrial fibrillation 0.007
No (n, %) 535 (55.6%) 88 (46.8%) 447 (57.8%)
Yes (n, %) 427 (44.4%) 100 (53.2%) 327 (42.2%)

Ischaemic heart disease 0.421
No (n, %) 879 (91.4%) 169 (89.9%) 710 (91.7%)
Yes (n, %) 83 (8.6%) 19 (10.1%) 64 (8.3%)

Diabetes mellitus <0.001
No (n, %) 546 (56.8%) 132 (70.2%) 414 (53.5%)
Yes (n, %) 416 (43.2%) 56 (29.8%) 360 (46.5%)

Hypoferric anaemia 0.438
No (n, %) 637 (66.2%) 129 (68.6%) 508 (65.6%)
Yes (n, %) 325 (33.8%) 59 (31.4%) 266 (34.4%)

Depression 0.326
No (n, %) 839 (87.2%) 168 (89.4%) 671 (86.7%)
Yes (n, %) 123 (12.8%) 20 (10.6%) 103 (13.3%)

Hyperlipidaemia 0.167
No (n, %) 587 (61.0%) 123 (65.4%) 464 (59.9%)
Yes (n, %) 375 (39.0%) 65 (34.6%) 310 (40.1%)

Chronic renal insufficiency 0.017

(Continues)
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general population, and a BMI range of 20–25 kg/m2 was
associated with the lowest risk of mortality.24,25 The relation-
ship between BMI and mortality in patients with cardiovascu-
lar disease is still U-shaped, but the nadir of mortality risk oc-
curs in the range of overweight (BMI range of 25.0–30.0 kg/
m2).26 Currently, there is ample evidence to support the ‘obe-
sity paradox’ in patients with cardiovascular disease.27

EF is a common indicator of cardiac function and is used as
a classification criterion for HF. In our study, we found that
lower and higher BMI was associated with higher EF in pa-
tients with HF. According to the ‘obesity paradox’ in the prog-
nosis of patients with HF, it is well understood that higher
BMI is related to higher EF. A study of HF patients diagnosed
with dilated cardiomyopathy showed that higher BMI was
closely related to recovered EF and that BMI was a valid pre-
dictor of EF improvement in HFrEF.20 The conclusions of this
study are consistent with some of our results. The driving
mechanism of this association is unclear, and the underlying
cause may be the neutralizing inflammatory endotoxins by
higher-level lipoproteins,28 the reduced response of renin–
angiotensin–aldosterone system,29 and the higher nutritional
and metabolic reserves in obesity patients.30 Also, obese pa-
tients may seek medical treatment in time due to earlier on-
set of symptoms.31

Another interesting result was that we found that lower
BMI was also associated with higher EF, which might be
the first time this phenomenon has been reported in ICU pa-
tients. This finding might be supported by several studies.
Results from the Swedish Obese Subjects cohort study
showed that bariatric surgery was related to a reduced risk
of HF in obese patients, and the risk of HF appeared to de-
crease with increased weight loss.32 A systematic review
based on randomized controlled trials and observational
studies indicated that weight loss can improve left ventricu-
lar function and quality of life in obese patients with HF.33 In
a case report, a 27-year-old male who weighed 245 kg signif-
icantly reversed HF after weight loss of 146 kg, with systolic
EF improved from 30 to 51%.34 The possible mechanisms of
weight loss and improvement of HF symptoms have also
been explored. In obese mice with HF, after induced weight
loss, EF was significantly improved, and left ventricular mass
was significantly decreased. Further analysis showed that
weight loss can enhance cardiac insulin signalling, reduce
the cardiac fatty acid oxidation rate, and improve related
metabolic pathways.35 In addition, weight loss might play a
beneficial role by improving the gene richness, composition,
and function of gut microbes associated with cardiovascular
disease.36

Table 1 (continued)

Variables Total BMI < 23.3 BMI ≥ 23.3 P-value

No (n, %) 592 (61.5%) 130 (69.1%) 462 (59.7%)
Yes (n, %) 370 (38.5%) 58 (30.9%) 312 (40.3%)

COPD 0.155
No (n, %) 893 (92.8%) 170 (90.4%) 723 (93.4%)
Yes (n, %) 69 (7.2%) 18 (9.6%) 51 (6.6%)

BMI, body mass index; COPD, chronic obstructive pulmonary disease; INR, international normalized ratio; LVEF, left ventricular ejection
fraction; MCH, mean corpuscular haemoglobin; MCHC, mean corpuscular haemoglobin concentration; MCV, mean corpuscular volume;
NT-proBNP, N-terminal pro-brain natriuretic peptide; PT, lymphocytes, prothrombin time; RDW, red blood cell distribution width; SPO2,
saturation pulse oxygen.
Data are presented as mean ± SD, median (IQR), or %.

Table 2 Two-piecewise linear regression for relationship between BMI and EF

Variables β β 95% CI P-value

Crude Mode Inflection point (23.4)
<23.4 �1.0 �1.6, �0.4 0.002
≥23.4 0.2 0.1, 0.3 0.002

Likelihood ratio test <0.001
Mode1 Inflection point (23.3)

<23.3 �0.8 �1.4, �0.2 0.015
≥23.3 0.2 0.1, 0.3 <0.001

Likelihood ratio test 0.004
Mode2 Inflection point (23.3)

<23.3 �0.7 �1.3, �0.1 0.028
≥23.3 0.2 0.1, 0.3 <0.001

Likelihood ratio test 0.009

Crude model: adjusted for no. Model 1: adjusted for age and gender. Model 2: adjusted for age, gender, hypertension, atrial fibrillation,
ischaemic heart disease, diabetes mellitus, hypoferric anaemia, depression, hyperlipidaemia, chronic renal insufficiency, and chronic ob-
structive pulmonary disease.
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We used stratification analyses to evaluate interactions
with the independent association between BMI and EF by
adding ‘gender’, ‘hypertension’, ‘AF’, ‘ischaemic heart dis-
ease’, ‘hyperlipidaemia’, ‘diabetes mellitus’, ‘hypoferric anae-
mia’, ‘depression’, ‘chronic renal insufficiency’, and ‘COPD’
as covariates. In the low-BMI group, ‘ischaemic heart disease’
and ‘hyperlipidaemia’ were found to be effect modifiers on
the relationship between BMI and EF. The results showed
that in the lower-BMI group, there was a strong negative cor-
relation between BMI and EF in patients without hyperlipid-
aemia, but the correlation disappeared in patients with hy-
perlipidaemia. Lower BMI is generally associated with a
lower risk of hyperlipidaemia; therefore, hyperlipidaemia
might be a strong factor that modifies the association
between BMI and EF in low-weight patients. Interestingly,
‘diabetes mellitus’ was a significant effect modifier on the
relationship between BMI and EF in the high-BMI group,
and there was still a strong correlation between BMI and EF
in patients with diabetes. We found that increased BMI was
still associated with higher EF in HF patients with co-morbid
diabetes, whereas several studies have confirmed that obe-
sity has a survival benefit for HF patients without diabetes
but not for those with diabetes.37,38 Another study showed
that the ‘obesity paradox’ still existed in HFpEF patients with

co-morbid diabetes without insulin treatment.39 The underly-
ing mechanisms of these controversial phenomena require
further study.

There are several strengths in our study. First, the original
information of patients came from the MIMIC-III database, an
intensive care dataset established by professional re-
searchers, which ensured the reliability and standardization
of the data. Second, this study adjusted for many confound-
ing factors, including various medical histories, to improve
the reliability of the conclusions. Finally, this study found
for the first time that there was a U-shaped correlation be-
tween BMI and EF in HF patients and found an inflection
point, providing a further theoretical basis for the controver-
sial topic of the ‘obesity paradox’.

There are also some limitations in this study. First, the in-
cluded HF patients were not distinguished by the specific
types of HF; additionally, whether the patients had an acute
episode of chronic HF was unclear, indicating that further
research is needed to determine whether HF type affects
the correlation between BMI and EF. Second, some other
echocardiographic data that can be helpful for the better
phenotype characterization were lacked, such as the left ven-
tricle wall thickness and dimensions, the left atrium diameter,
and the estimation of the right ventricle systolic pressure.

Table 3 Subgroup analyses by potential effect modifiers

Subgroup

BMI < 23.3 BMI ≥ 23.3

β, 95% CI P Interaction P β, 95% CI P Interaction P

Gender
Male �0.5 (�2.1, 1.0) 0.4842 0.9155 0.1 (�0.0, 0.3) 0.1672 0.1317
Female �0.5 (�1.5, 0.6) 0.4188 0.3 (0.1, 0.4) 0.0005

Hypertension
No �0.4 (�2.3, 1.4) 0.6365 0.9627 0.1 (�0.1, 0.2) 0.4313 0.0626
Yes �0.5 (�1.5, 0.5) 0.3367 0.3 (0.1, 0.4) 0.0002

Atrial fibrillation
No 0.5 (�1.7, 0.8) 0.4707 0.9645 0.2 (0.1, 0.3) 0.0010 0.3695
Yes �0.5 (�1.7, 0.7) 0.4237 0.1 (�0.1, 0.3) 0.1879

Ischaemic heart disease
No �0.7 (�1.6, 0.2) 0.1464 0.0499 0.2 (0.1, 0.3) 0.0008 0.6113
Yes 3.4 (�0.7, 7.4) 0.1078 0.0 (�0.6, 0.7) 0.9613

Hyperlipidaemia
No �1.4 (�2.6,-0.2) 0.0190 0.0162 0.2 (0.1, 0.3) 0.0027 0.8254
Yes 0.6 (�0.7, 1.9) 0.3517 0.2 (�0.0, 0.4) 0.0857

Diabetes mellitus
No �0.1 (�1.2, 1.0) 0.8335 0.2551 0.1 (�0.0, 0.2) 0.1915 0.0255
Yes �1.1 (�2.6, 0.3) 0.1306 0.3 (0.1, 0.5) 0.0004

Hypoferric anaemia
No �0.2 (�1.3, 0.9) 0.7253 0.3672 0.2 (0.0, 0.3) 0.0141 0.4251
Yes �1.0 (�2.5, 0.5) 0.1840 0.2 (0.1, 0.4) 0.0094

Depression
No �0.6 (�1.5, 0.4) 0.2311 0.5260 0.2 (0.1, 0.3) 0.0012 0.7554
Yes 0.2 (�2.2, 2.6) 0.8677 0.1 (�0.1, 0.4) 0.3060

Chronic renal insufficiency
No �0.6 (�1.7, 0.4) 0.2507 0.6193 0.2 (0.1, 0.3) 0.0049 0.6430
Yes �0.1 (�1.8, 1.5) 0.8704 0.2 (0.0, 0.4) 0.0400

COPD
No �0.2 (�1.2, 0.8) 0.6883 0.1480 0.2 (0.1, 0.3) 0.0028 0.2063
Yes �1.9 (�4.0, 0.3) 0.0885 0.4 (0.0, 0.9) 0.0380

Adjusted for age, gender, hypertension, atrial fibrillation, ischaemic heart disease, diabetes mellitus, hypoferric anaemia, depression, hy-
perlipidaemia, chronic renal insufficiency, and chronic obstructive pulmonary disease (COPD) except the subgroup variable.
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Third, this study was based on the secondary analysis of
published data, so the variables that were not included in
the dataset could not be adjusted for as confounding factors.
Finally, our subjects were mainly ICU patients, so it is not
clear whether the results can be applied to other popula-
tions. Further investigation in other populations is needed.

Conclusions

In summary, both lower BMI and higher BMI are related to
higher EF in ICU patients with HF. Our study suggests that
the relationship between BMI and EF is non-linear and takes
on a U-shaped curve. When BMI was lower than 23.3 kg/m2,
it had a significantly negative correlation with EF; when BMI
was higher than 23.3 kg/m2, it had a significantly positive cor-
relation with EF. Going forward, further analyses are needed
to elucidate this association between BMI and EF and to ex-
plore the underlying biological mechanisms.
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