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Background:Metabolic disorders and overweight or obesity are highly prevalent

and intricately linked in patients with chronic heart failure (CHF). However, it

remains unclear whether there is an interactive effect between these conditions

and the prognosis of heart failure, and whether such an interaction is influenced

by stratification based on age and sex.

Methods: A total of 4,955 patients with CHF were enrolled in this study.

Metabolic status was assessed according to the presence or absence of

metabolic syndrome (MetS). BMI categories included normal weight and

overweight or obesity (BMI < 24, ≥ 24 kg/m2). Patients were divided into four

phenotypes according to their metabolic status and BMI: metabolically healthy

with normal weight (MHNW), metabolically unhealthy with normal weight

(MUNW), metabolically healthy with overweight or obesity (MHO), and

metabolically unhealthy with overweight or obesity (MUO). The incidence of

primary outcomes, including all-cause and cardiovascular (CV) death,

was recorded.

Results: During a mean follow-up of 3.14 years, a total of 1,388 (28.0%) all-cause

deaths and 815 (16.4%) CV deaths were documented. Compared to patients with

the MHNW phenotype, those with the MUNW (adjusted hazard ratio [aHR], 1.66;

95% confidence interval [CI], 1.38–2.00) or MUO (aHR, 1.42 [95% CI, 1.24–1.63])

phenotypes had a greater risk of all-cause death, and those with the MHO

phenotype (aHR, 0.61 [95% CI, 0.51–0.72]) had a lower risk of all-cause death.

Moreover, the above phenomenon existed mainly among males and elderly

females (aged ≥ 60 years). In nonelderly females (aged < 60 years), the

detrimental effects of MetS were lower (aHR, 1.05 [95% CI, 0.63–1.75] among

MUNW group and aHR, 0.52 [95% CI, 0.34–0.80] among MUO group), whereas

the protective effects of having overweight or obesity persisted irrespective of

metabolic status (aHR, 0.43 [95% CI, 0.26–0.69] among MHO group and aHR,

0.52 [95% CI, 0.34–0.80] among MUO group). Similar results were obtained in

the Cox proportional risk analysis of the metabolic overweight/obesity

phenotypes and CV death.
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Conclusions: In male and elderly female patients with CHF, the detrimental effects

of MetS outweighed the protective benefits of having overweight or obesity.

Conversely, in nonelderly females, the protective effects of having overweight or

obesity were significantly greater than the adverse impacts of MetS.
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Introduction

Cardiovascular disease (CVD) remains a significant global health

challenge and is a leadingcauseofmortality andmorbidity.According to

statistics, the global incidenceofCVDnearlydoubled from1990 to2019,

increasing from 217 million to 523 million cases, with corresponding

deaths increasing from 12.1 million to 18.6 million (1). Chronic heart

failure (CHF), a heterogeneous syndrome representing the end stage of

variousCVDs, is a significant contributor toglobalmortality, affecting1–

2% of adults worldwide (2). Factors such as population aging and

increased life expectancy are driving the increasing prevalence of heart

failure (HF) (3). CHF imposes a significant strain on health systems due

to its high morbidity, high mortality rate, and negative influence on

patient quality of life (4). Therefore, conducting an in-depth exploration

of the prognostic factors and risk stratification for CHF is crucial to

effectively reduce this ongoing burden.

Metabolic syndrome (MetS) encompasses a range of cardiovascular

risk factors, including insulin resistance (IR), hypertension,

dyslipidemia, and obesity, all of which heighten the risk of HF (5).

Studies have shown thatMetS is a significant risk factor for the onset and

progression of HF and demonstrates a significant prevalence among
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patients with HF (5, 6). IR is the core feature of MetS, and numerous

studies have established that IR significantly correlates with poor

prognosis among patients with various CVDs, including HF (7–9).

However, there remains controversy regarding the relationship between

MetS and the prognosis of patients with HF. While some studies have

indicated that MetS is linked to a worse prognosis of patients with HF

(10–12), others have demonstrated no such association (13, 14). These

discrepanciesmay stem fromdifferences in the composition of the study

populations and their metabolic profiles.

Obesity, as akey componentofMetS,hasa controversial impact on

the prognosis of patients with HF, especially considering the obesity

paradox. Some evidence supports the obesity paradox, which suggests

that although having overweight or obesity is associated with a higher

incidence of chronic diseases, it is closely related to better prognoses

(15, 16). However, other studies challenge this idea, questioning its

generalizability and applicability to specific groups (17–19).

Although MetS is frequently associated with overweight and

obesity, it is important to note that not all individuals with MetS

have overweight or obesity. Similarly, not every person with

overweight or obesity has MetS; thus, this disease presentation

demonstrates intersecting phenotypes. Few studies have specifically

investigated the impact of metabolic overweight/obesity phenotypes

on mortality outcomes in patients with CHF. Moreover, the

complexities of the interaction between obesity and MetS and their

impact on the prognosis of patients with HF remain incompletely

understood (5). Therefore, this study aimed to bridge this significant

knowledge gap by examining the relationship between different

metabolic overweight/obesity phenotypes and mortality risk in

patients with CHF. Additionally, considering that metabolic levels

may be significantly influenced by age and sex (20, 21), we further

conducted exploratory analyses according to sex–age stratification.
Methods

Study design and population

In this study, we conducted a retrospective analysis of 6,384

patients with CHF admitted to The First Affiliated Hospital of

HenanUniversity of Science andTechnology from July 1, 2017, to June

30, 2022. The definition of CHF followed the 2021 European Society of
frontiersin.org
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Cardiology Guidelines for the Diagnosis and Treatment of Acute and

Chronic Heart Failure (2). Among the initial cohort of 6,384 patients,

1,429 were excluded in accordance with the following specified

exclusion criteria: (1) age < 18 years or pregnancy; (2) severe hepatic

or renal dysfunction; (3) advanced cancer or connective tissuediseases;

(4) lacking data on body mass index (BMI), systolic blood pressure

(SBP)/diastolic blood pressure (DBP), fasting blood glucose (FBG),

triglyceride, or high-density lipoprotein cholesterol (HDL-C) at

admission; and (5) in-hospital mortality or loss to follow-up.

Ultimately, 4,955 patients were enrolled in this study. Furthermore,

patientswere categorized into four groups according to theirmetabolic

status and BMI: metabolically healthy with normal weight (MHNW,

n = 1398), metabolically unhealthy with normal weight (MUNW, n =

482), metabolically healthy with overweight or obesity (MHO, n =

1350), andmetabolically unhealthywith overweight or obesity (MUO,

n = 1725) (Figure 1).
Ethics statement

This retrospective study was conducted in accordance with the

tenets of the Declaration of Helsinki and approved by the ethics
Frontiers in Endocrinology 03
committee of The First Affiliated Hospital of Henan University of

Science and Technology (2023-03-K0026). Given the retrospective

design of this research, the institutional review board exempted the

requirement for informed consent and ensured that all patient-

related information was anonymized.
Data collection and definitions

We gathered information on patient demographics, vital signs,

medical history, laboratory test outcomes, echocardiographic data,

and medication details from the electronic medical records system.

Venous blood samples were collected for the analysis of laboratory

indicators, including white blood cells (WBC), platelets, creatinine,

serum lipid parameters, and N-terminal pro-brain natriuretic

peptide (NT-proBNP), among others. The mean arterial pressure

was calculated using the following formula: (SBP + 2 × DBP)/3.

BMI was determined using the following formula: weight in

kilograms divided by the square of height in meters, expressed as

kg/m2. Hypertension was defined as a history of hypertension or a

diagnosis at admission. Chronic kidney disease was identified by an

estimated glomerular filtration rate below 60 mL/min per 1.73 m2,
FIGURE 1

Flow diagram of patients selection. CTD, connective tissue diseases; BMI, body mass Index; SBP, systolic blood pressure; DBP, diastolic blood
pressure; FBG, fasting blood glucose; TG, triglyceride; HDL-C, high density lipoprotein cholesterol; CV death, cardiovascular death; MHNW,
metabolically healthy with normal weight; MUNW, metabolically unhealthy with normal weight; MHO, metabolically healthy with overweight or
obesity; MUO, metabolically unhealthy with overweight or obesity.
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which was calculated using the Chronic Kidney Disease

Epidemiology Collaboration (CKD-EPI) equation (22), or

determined through medical history. Severe hepatic or renal

dysfunction was defined as cirrhosis with ascites or chronic renal

failure with dialysis treatment. To prevent the clinical missed

diagnosis of diabetes, the diagnosis was further confirmed

through the following criteria: a prior diagnosis of diabetes and/or

FBG ≥7.0 mmol/L and/or random blood glucose ≥11.1 mmol/L

and/or the use of hypoglycemic agents. Hypoglycemic medications

included those prescribed at discharge as well as oral hypoglycemic

drugs used during hospitalization, excluding SGLT2 inhibitors, as

these were not exclusively used for patients with diabetes.

Metabolic status was evaluated by the presence or absence of

MetS. According to the China Guidelines for Type 2 Diabetes (23)

and the obesity criteria set by the Working Group on Obesity in

China (24), which use BMI instead of waist circumference to assess

obesity, MetS was identified by the presence of three or more of the

following criteria: (1) obesity (BMI ≥ 28 kg/m2); (2) hyperglycemia

(FBG ≥ 6.1 mmol/L and/or clinically diagnosed diabetes by

physician); (3) elevated blood pressure (blood pressure ≥ 130/85

mmHg and/or clinically confirmed hypertension); (4) fasting

triglyceride ≥ 1.7 mmol/L; and (5) fasting HDL-C < 1.04 mmol/L.

Obesity status was categorized as normal weight (BMI < 24 kg/m2)

or overweight/obesity (BMI ≥ 24 kg/m2) by the definition of the

Working Group on Obesity in China (24). According to the

definition of the World Health Organization (WHO), overweight

or obesity was classified as having a BMI of 25 kg/m² or higher, while

obesity was classified as having a BMI of 30 kg/m² or higher (24).
Follow-up and outcomes

Prognostic data were acquired via telephone follow-ups or by

examining pertinent electronic medical records over a mean follow-

up duration of 3.14 ± 1.58 years. The primary outcomes of this

study were all-cause mortality and cardiovascular death, with the

latter primarily encompassing fatalities due to HF, sudden

death, malignant arrhythmias, myocardial infarction, or other

cardiac causes.
Statistical analysis

The characteristics of the participants were delineated

according to metabolic overweight/obesity phenotypes.

Continuous variables are reported as the mean ± standard

deviation or median with interquartile range, depending on

whether the distribution was normal. For continuous data,

comparisons were made using one-way analysis of variance for

normally distributed data and the Kruskal−Wallis test for skewed

distributions. Categorical variables are presented as frequencies and

percentages, with group differences evaluated using the chi-squared

or Fisher’s exact tests when appropriate.

The cumulative incidence of the primary endpoints was

estimated using the Kaplan−Meier method, and differences

between groups were assessed with the log-rank test. The
Frontiers in Endocrinology 04
relationship between metabolic overweight/obesity phenotypes

and the incidence of primary outcomes was explored using Cox

proportional hazards models. Predictors that achieved significance

in univariate analyses (P < 0.05) (Supplementary Table S1) or were

considered clinically important were selected as covariates in the

multivariate Cox model. Furthermore, the multivariate analysis

accounted for both collinearity and correlation among the

variables. In addition to the unadjusted model, two other models

were fitted: Model 1 controlled for age, sex, smoking status, and

drinking status, and Model 2 included all variables from Model 1

with additional adjustments for New York Heart Association

classification, left ventricular ejection fraction, NT-proBNP,

creatinine, LDL-C, previous MI, atrial fibrillation, COPD, past

CABG, ACEI/ARB/ARNI, b-blockers, diuretics, SGLT2 inhibitors,

and other antidiabetic therapy. Multiple imputations with chained

equations were utilized to handle missing covariates. The

proportional hazards assumption was assessed through

Schoenfeld residuals, revealing no observed potential violations.

In this study, we conducted stratified analyses among different

subgroups based on sex (male or female) and age (< 60 years or ≥ 60

years). Additionally, we performed sensitivity analysis, excluding

the subset of the population potentially classified as having cardiac

cachexia (BMI ≤ 20 kg/m2) (25), to test the consistency of the

results. Finally, we reclassified and further analyzed the metabolic

overweight/obesity phenotypes based on the definition of

overweight and obesity set by the WHO.

All the statistical analyses were performed using R software

(version 4.4.0; R Foundation for Statistical Computing, Vienna,

Austria). A two-tailed P value <0.05 was considered to

indicate significance.
Results

Participant characteristics

Table 1 details the baseline characteristics of the study

population categorized by metabolic overweight/obesity phenotypes.

In total, 4,955 eligible participants were included in the analysis.

The mean age was 65.4 years, and males accounted for 62.1%. Of

these, 28.2% (n = 1398) were classified as MHNW, 9.7% (n = 482) as

MUNW, 27.3% (n = 1350) as MHO, and 34.8% (n = 1725) as MUO.

Overall, the average age of the individuals in the metabolically

unhealthy groups (MUNW and MUO) was greater than that of the

individuals in the metabolically healthy groups (MHNW andMHO).

Although there was a marginally greater proportion of females in the

former groups than in the latter groups, this difference did not reach

significance. The metabolic parameters, such as the mean arterial

pressure, FBG, and lipid levels (excludingHDL-C),were elevated in the

metabolicallyunhealthygroups compared to those in themetabolically

healthy groups, whereas HDL-C exhibited an inverse association

(all P <0.05). BMI levels were significantly greater in the overweight

or obesity groups (MHO and MUO) compared to the normal weight

groups (MHNW and MUNW). Regarding other laboratory

parameters, the metabolically unhealthy groups exhibited higher

WBC, platelets, and serum creatinine levels and lower eGFR
frontiersin.org
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TABLE 1 Baseline characteristics of the study population according to metabolic overweight/obesity phenotypes.

Characteristics MHNW MUNW MHO MUO P value

(n=1398) (n=482) (n=1350) (n=1725)

Demographics

Age (years) 66.0 (55.2-74.0) 68.0 (57.0-77.0) 66.0 (55.0-74.0) 67.0 (57.0-77.0) <0.001

Male (%) 869 (62.16%) 295 (61.20%) 850 (62.96%) 1062 (61.57%) 0.849

Medical measurements

MAP (mmHg) 93.3 (84.0-101.0) 98.7 (93.0-107.2) 94.7 (87.0-102.3) 101.0 (92.7-109.0) <0.001

HR (bpm) 77.0 (66.0-86.0) 76.0 (68.0-84.0) 76.0 (66.0-85.0) 76.0 (66.0-84.0) 0.076

BMI (kg/m2) 21.4 (19.7-22.5) 21.5 (20.0-23.1) 26.3 (24.9-27.7) 28.4 (25.8-31.7) <0.001

Current/ex-Smoker (%) 446 (31.90%) 157 (32.57%) 443 (32.81%) 573 (33.22%) 0.891

Current/ex-Drinker (%) 259 (18.53%) 82 (17.01%) 245 (18.15%) 348 (20.17%) 0.312

NYHA classification (%) <0.001

I-II 723 (51.72%) 213 (44.19%) 630 (46.67%) 730 (42.32%)

III 384 (27.47%) 153 (31.74%) 417 (30.89%) 572 (33.16%)

IV 291 (20.82%) 116 (24.07%) 303 (22.44%) 423 (24.52%)

Medical history (%)

AF 363 (25.97%) 138 (28.63%) 344 (25.48%) 479 (27.77%) 0.343

CKD 362 (25.89%) 153 (31.74%) 356 (26.37%) 542 (31.42%) <0.001

COPD 179 (12.80%) 70 (14.52%) 179 (13.26%) 287 (16.64%) 0.010

Diabetes 363 (25.97%) 319 (66.18%) 380 (28.15%) 1075 (62.32%) <0.001

Hypertension 747 (53.43%) 370 (76.76%) 779 (57.70%) 1365 (79.13%) <0.001

Previous MI 357 (25.54%) 158 (32.78%) 365 (27.04%) 568 (32.93%) <0.001

Past PCI 386 (27.61%) 155 (32.16%) 409 (30.30%) 614 (35.59%) <0.001

Past CABG 24 (1.72%) 8 (1.66%) 19 (1.41%) 35 (2.03%) 0.628

Laboratory measurements

WBC (109/L) 6.30 (5.11-7.90) 6.65 (5.30-8.51) 6.24 (5.03-7.88) 6.51 (5.31-8.18) <0.001

Platelets (109/L) 201.0 (160.0-242.0) 205.0 (163.2-246.0) 199.0 (162.0-245.0) 207.0 (167.0-254.0) 0.007

ALT (U/L) 24.0 (17.0-36.0) 24.0 (16.0-34.0) 24.0 (17.0-38.0) 25.0 (17.0-40.0) 0.227

AST (U/L) 23.0 (18.0-32.0) 22.0 (17.0-32.0) 24.0 (18.0-33.0) 23.0 (17.0-34.0) 0.320

Creatinine (umol/L) 70.5 (58.1-84.6) 72.5 (60.0-88.0) 70.5 (59.9-84.3) 73.0 (59.9-88.0) 0.002

eGFR (ml/min/1.73m2) 89.2 (73.5-100.5) 85.9 (68.2-100.8) 89.7 (73.4-101.2) 86.8 (69.0-99.6) <0.001

FBG (mmol/L) 5.19 (4.65-6.13) 6.74 (5.62-8.65) 5.38 (4.78-6.35) 6.46 (5.34-8.02) <0.001

TC (mmol/L) 3.88 (3.24-4.72) 4.06 (3.34-4.88) 3.92 (3.29-4.64) 4.05 (3.32-4.83) 0.002

TG (mmol/L) 1.08 (0.81-1.46) 1.77 (1.24-2.36) 1.13 (0.84-1.52) 1.82 (1.12-2.20) <0.001

LDL-C (mmol/L) 2.20 (1.68-2.84) 2.34 (1.72-2.95) 2.26 (1.70-2.83) 2.37 (1.82-3.02) <0.001

HDL-C (mmol/L) 1.18 (1.05-1.38) 0.91 (0.79-0.98) 1.15 (1.06-1.35) 0.87 (0.76-1.08) <0.001

Potassium (mmol/L) 3.92 (3.62-4.27) 3.89 (3.61-4.28) 3.91 (3.64-4.27) 3.91 (3.65-4.28) 0.830

Sodium (mmol/L) 141.1 (138.6-143.4) 140.6 (138.7-142.9) 141.3 (138.6-143.4) 141.3 (139.0-143.5) 0.211

NT-proBNP (pg/ml) 1415.5 (733.0-4431.5) 1687.0 (704.2-5535.8) 1405.0 (794.0-3482.5) 1567.0 (824.0-4567.0) <0.001

(Continued)
F
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(all P <0.05). As expected, the risk of comorbidities, including chronic

kidney disease, chronic pulmonary disease, diabetes, hypertension,

previousmyocardial infarction, and a history of PCI, was greater in the

metabolically unhealthy groups compared to themetabolically healthy

groups (all P <0.05). Although there were no discernible differences in

left ventricular ejection fraction (P = 0.272) between the metabolically

healthy and unhealthy groups, the latter demonstrated elevated New

York Heart Association classification and NT-proBNP levels in

comparison to the former (all P <0.05). Regarding medications, a

greater proportion of patients in the metabolically unhealthy groups

than in the metabolically healthy groups used antiplatelet agents,

ACEIs/ARBs/ARNIs, beta-blockers, statins, calcium channel

blockers, diuretics, or hypoglycemic agents (all P <0.05).
Association between metabolic
overweight/obesity phenotypes and
risk outcomes

After a mean follow-up of 3.14 years, there were 1,388 (28.0%)

all-cause mortality events and 815 (16.4%) CV mortality events.

The incidence rates (per 1,000 person-years) of the primary

outcomes differed significantly between the metabolically healthy
Frontiers in Endocrinology 06
and unhealthy groups. Regarding all-cause mortality, the rates were

136.11 in the MUNW group and 118.54 in the MUO group,

compared to 81.83 in the MHNW group and 48.38 in the MHO

group. Similarly, CV mortality rates were also higher in the

metabolically unhealthy groups, with rates of 89.98 in the

MUNW group and 68.24 in the MUO group versus 47.75 in

the MHNW group and 27.4 in the MHO group.

Figure 2 displays the Kaplan−Meier curves depicting the

incidence of primary outcomes, including all-cause and CV

mortality, across different metabolic overweight/obesity

phenotypes. The results demonstrated that individuals identified

as metabolically unhealthy (MUNW and MUO) exhibited a greater

risk of primary events than did those in the MHNW group,

irrespective of obesity status. Conversely, individuals in the MHO

group displayed lower adverse outcome risk (log-rank test, both P

< 0.001).

Table 2 shows the results of the univariate and multivariate Cox

proportional hazards regression analyses in the four groups.

According to an unadjusted model, compared to the MHNW

group, which was used as the reference group, the metabolically

unhealthy groups demonstrated significantly greater hazard ratios

(HRs) for all-cause mortality, regardless of obesity status (HR, 1.66

[95% CI, 1.39–1.99] for the MUNW group and HR, 1.45 [95% CI,
TABLE 1 Continued

Characteristics MHNW MUNW MHO MUO P value

(n=1398) (n=482) (n=1350) (n=1725)

Echocardiography

LVEF (%) 45.0 (36.0-57.0) 47.0 (36.0-59.0) 44.5 (35.0-57.0) 47.0 (36.0-58.0) 0.272

Medications (%)

Antiplatelet agents 817 (58.44%) 324 (67.22%) 818 (60.59%) 1202 (69.68%) <0.001

ACEI/ARB/ARNI 714 (51.07%) 265 (54.98%) 732 (54.22%) 982 (56.93%) 0.013

Beta-blocker 997 (71.32%) 381 (79.05%) 990 (73.33%) 1354 (78.49%) <0.001

Statins 830 (59.37%) 336 (69.71%) 881 (65.26%) 1275 (73.91%) <0.001

CCB 183 (13.09%) 92 (19.09%) 177 (13.11%) 349 (20.23%) <0.001

Digoxin 194 (13.88%) 83 (17.22%) 222 (16.44%) 257 (14.90%) 0.162

Mineralocorticoid antagonists 958 (68.53%) 347 (71.99%) 929 (68.81%) 1230 (71.30%) 0.201

Diuretics 842 (60.23%) 326 (67.63%) 838 (62.07%) 1206 (69.91%) <0.001

SGLT2 inhibitors 153 (10.94%) 111 (23.03%) 167 (12.37%) 360 (20.87%) <0.001

Insulin 71 (5.08%) 64 (13.28%) 78 (5.78%) 205 (11.88%) <0.001

Other oral antidiabetic agents 219 (15.67%) 177 (36.72%) 228 (16.89%) 608 (35.25%) <0.001

Outcomes

All-cause death 341 (24.39%) 180 (37.34%) 226 (16.74%) 641 (37.16%) <0.001

CV death 199 (14.23%) 119 (24.69%) 128 (9.48%) 369 (21.39%) <0.001
MHNW, metabolically healthy with normal weight; MUNW, metabolically unhealthy with normal weight; MHO, metabolically healthy with overweight or obesity; MUO, metabolically
unhealthy with overweight or obesity; MAP, mean arterial pressure; HR, heart rate; BMI, body mass index; NYHA, New York Heart Association; AF, atrial fibrillation; CKD, chronic kidney
disease; COPD, chronic obstructive pulmonary disease; MI, myocardial infarction; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting; WBC, white blood cell; ALT,
alanine aminotransferase; AST, aspartate aminotransferase; eGFR, estimated glomerular filtration rate; FBG, fasting blood glucose; TC, total cholesterol; TG, triglyceride; LDL-C, low-density
lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; NT-proBNP, N-terminal pro-brain natriuretic peptide; LVEF, left ventricular ejection fraction; ACEI/ARB/ARNI,
angiotensin converting enzyme inhibitor/angiotensin receptor blocker/angiotensin receptor-neprilysin inhibitors; CCB, calcium channel blockers; SGLT2, inhibitors sodium-glucose co-
transporter-2 inhibitors; CV, death cardiovascular death. P values <0.05 are presented in bold.
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1.27–1.66] for the MUO group). Conversely, the protective effects of

having overweight or obesity were present in the MHO group (HR,

0.60 [95% CI, 0.51–0.71]) but dissipated in the MUO group (HR,

1.45 [95% CI, 1.27–1.66]). Even after adjusting for confounding

variables in two different models, the results remained unchanged:

patients in the metabolically unhealthy groups still faced a

significantly greater risk of all-cause death (aHR, 1.66 [95% CI,

1.38-2.00] among MUNW group and aHR, 1.42 [95% CI, 1.24-1.63]

among MUO group), while those in the MHO group continued to

show a reduced risk (aHR, 0.61 [95% CI, 0.51-0.72]). Consistent

outcomes were observed in the multivariate Cox proportional

hazards analysis assessing the impact of metabolic overweight/

obesity phenotypes on CV death. The aHRs and 95% CIs were

1.91 [1.51–2.41] for the MUNW group, 1.43 [1.19–1.71] for the

MUO group, and 0.59 [0.47–0.73] for the MHO group.
Association of metabolic overweight/
obesity phenotypes with mortality across
age- and sex-stratified subgroups

We further conducted exploratory analyses in subgroups

stratified by age and sex. Among both males and elderly females

(aged ≥ 60 years), Kaplan–Meier analysis indicated that compared

with individuals in the MHNW group, those in the MUNW

and MUO groups had a greater risk of all-cause mortality,

regardless of obesity status. However, individuals classified as

MHO demonstrated a lower risk of all-cause mortality. In the

subgroup of nonelderly females (aged < 60 years), we observed a

different phenomenon: the detrimental effects of MetS were

markedly diminished in the MUNW group or disappeared in the

MUO group, while the protective effects of having overweight or

obesity remained consistent across both the MHO and MUO

groups, irrespective of metabolic status. The aforementioned
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findings remained consistent when CV death was used as the

study endpoint (Supplementary Figure S1).

The results of the Cox proportional hazards analyses of the

associations between metabolic overweight/obesity phenotypes and

primary outcomes among different subgroups according to age and

sex are presented in Supplementary Table S2. Consistent with the

Kaplan–Meier analysis results, among males and elderly females,

adverse prognostic risks persisted in the metabolically unhealthy

groups (MUNW and MUO) compared to those in the MHNW

group, irrespective of obesity status, even after multivariable

adjustment (all P < 0.05). In contrast, individuals classified as

MHO demonstrated a more favorable prognosis with MHNW as

a reference in the aforementioned groups: for males under 60 years

of age, the aHRs were 0.60 [0.41–0.87] for all-cause mortality and

0.52 [0.31–0.86] for CV mortality; for males aged 60 years and

older, the aHRs were 0.64 [0.50–0.84] for all-cause mortality

and 0.67 [0.48–0.94] for CV mortality; similarly, for females aged

60 years and older, the aHRs were 0.60 [0.42–0.84] for all-cause

mortality and 0.52 [0.33–0.85] for CV mortality (Figures 3, 4).

However, different phenomena were observed among nonelderly

females. First, the adverse prognostic effects of MetS were absent

across all obesity statuses: the MUNW group exhibited aHRs of 1.05

[0.63–1.75] for all-cause mortality and 1.34 [0.68–2.63] for CV

mortality (all P > 0.05); the MUO group displayed aHRs of 0.52

[0.34–0.80] for all-cause mortality and 0.52 [0.29–0.94] for CV

mortality. Second, the protective effects of having overweight or

obesity persisted and remained unaffected by MetS: the MHO group

had an aHR of 0.43 [0.26–0.69] for all-cause mortality and 0.44

[0.23–0.85] for CV mortality; similarly, the MUO group had an aHR

of 0.52 [0.34–0.80] for all-cause mortality and 0.52 [0.29–0.94] for

CV mortality (Figures 3, 4, Supplementary Table S2). Additionally,

we conducted a sensitivity analysis by excluding the population

potentially characterized as having cardiac cachexia, identified by a

BMI of ≤ 20 kg/m2 (25). The results demonstrated that the
FIGURE 2

Kaplan-Meier estimation of (A) all-cause death and (B) CV death by metabolic overweight/obesity phenotypes in patients with HF. CV death,
cardiovascular death; HF, heart failure; MHNW, metabolically healthy with normal weight; MUNW, metabolically unhealthy with normal weight;
MHO, metabolically healthy with overweight or obesity; MUO, metabolically unhealthy with overweight or obesity.
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conclusions remained unchanged both in the overall cohort and

across all subgroups (Supplementary Table S3).
Association between metabolic
overweight/obesity phenotypes based on
the WHO definition and primary outcomes

We reclassified and conducted further analyses on the study

population based on the WHO’s definition of overweight and

obesity. No substantial changes were observed within the overall

population: for the MUNW group, the aHRs were 1.70 [1.45–1.98]

for all-cause mortality and 1.87 [1.54–2.28] for CV mortality; for the

MHO group, the aHRs were 0.61 [0.51–0.73] for all-cause mortality

and 0.52 [0.41–0.66] for CVmortality; for the MUO group, the aHRs

were 1.49 [1.30–1.70] for all-cause mortality and 1.46 [1.22–1.74] for

CV mortality, with the MHNW group as a reference. In further

analyses stratified by age and sex, the association of metabolic

overweight/obesity phenotypes with either all-cause mortality or

CV death remained consistent (Supplementary Table S4).
Discussion

In this study, we examined the association between metabolic

overweight/obesity phenotypes and mortality among patients with

CHF, with an additional focus on various subgroups delineated by

age and sex. The findings suggest that MetS is closely associated

with poor prognosis in patients with CHF independent of

overweight or obesity status. In contrast, the influence of the

obesity paradox was markedly affected by MetS, with the paradox

only occurring in patients without MetS. These findings were

primarily observed in males and elderly females. Interestingly,
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further observations revealed that in nonelderly females, the

adverse effects of MetS were significantly diminished or entirely

absent, whereas the protective effects of having overweight or

obesity continued irrespective of metabolic status.

MetS represents a constellation of metabolic disorders with a

high prevalence in the general population and is intricately linked

with the development and progression of HF (5). Multiple studies

have demonstrated that MetS is closely associated with the

incidence of HF. Due to regional disparities, population

characteristics, and variations in definitions, the prevalence of

MetS among patients with HF ranged from 37% to 78.8%,

indicating a generally high incidence trend (26). A Japanese

cohort study of 3,603 patients showed that the incidence of MetS

among patients with CHF is over twice that of the general

population (6). The probability that MetS leads to HF may be

linked to its core components and fundamental changes,

particularly IR. First, long-term hypertension can result in HF

through various mechanisms, including concentric hypertrophy,

myocardial insult, eccentric hypertrophy, and imbalances in the

neurohumoral regulation system of the body (27). Second,

hyperlipidemia may induce HF by promoting oxidative stress and

inflammatory cardiac fibrosis, reducing autophagy and

microvascular density in cardiac myocytes, altering mitochondrial

function in myocardial cells, and ultimately leading to cardiac

dysfunction and electrophysiological alterations (28). Third,

diabetes-induced hyperglycemia and hyperinsulinemia can cause

capillary damage, myocardial fibrosis, and myocardial hypertrophy

with mitochondrial dysfunction (29). Fourth, IR may lead to HF

through several pathways, including mitochondrial dysfunction in

myocardial cells, reduced cardiac efficiency, increased oxidative

stress, inflammation, elevated apoptosis, and myocardial fibrosis

(8). Similarly, HF can impair insulin sensitivity through

mechanisms such as the excessive stimulation of b-adrenergic
TABLE 2 HRs (95% CI) of primary outcomes according to metabolic overweight/obesity phenotypes.

Categories
Incidence/

1000 person-y
Unadjusted Model 1 Model 2

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

All-cause death

MHNW (n=1398) 81.83 Ref. Ref. Ref.

MUNW (n=482) 136.11 1.66 (1.39-1.99) <0.001 1.64 (1.37-1.97) <0.001 1.66 (1.38-2.00) <0.001

MHO (n=1350) 48.38 0.60 (0.51-0.71) <0.001 0.60 (0.51-0.72) <0.001 0.61 (0.51-0.72) <0.001

MUO (n=1725) 118.54 1.45 (1.27-1.66) <0.001 1.43 (1.25-1.63) <0.001 1.42 (1.24-1.63) <0.001

CV death

MHNW (n=1398) 47.75 Ref. Ref. Ref.

MUNW (n=482) 89.98 1.88 (1.50-2.36) <0.001 1.86 (1.48-2.33) <0.001 1.91 (1.51-2.41) <0.001

MHO (n=1350) 27.4 0.59 (0.47-0.73) <0.001 0.58 (0.47-0.74) <0.001 0.59 (0.47-0.73) <0.001

MUO (n=1725) 68.24 1.44 (1.21-1.71) <0.001 1.42 (1.20-1.70) <0.001 1.43 (1.19-1.71) <0.001
HR, hazard ratio; CI, confidence interval; MHNW, metabolically healthy with normal weight; MUNW, metabolically unhealthy with normal weight; MHO, metabolically healthy with overweight
or obesity; MUO, metabolically unhealthy with overweight or obesity; CV death, cardiovascular death. P values <0.05 are presented in bold.
Model 1: adjusted for age, sex, smoking status, drinking status.
Model 2: adjusted for Model 1 + NYHA classification, LVEF, NT-proBNP, creatinine, LDL-C, previous MI, atrial fibrillation, COPD, past CABG, ACEI/ARB/ARNI, b-blocker, diuretics, SGLT2
inhibitors and other antidiabetic therapy.
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receptors, thereby triggering or exacerbating IR and creating a

vicious cycle (30).

Although MetS is closely and significantly associated with the

incidence and progression of HF, studies on the association between

MetS and the prognosis of patients with HF have yielded

inconsistent results. A cohort study of an Asian population

included 4,762 patients with CHF, 41.3% of whom had MetS.

Over a follow-up period of 3.2 ± 1.1 years, the study revealed that

MetS was associated with an increased incidence of composite

endpoints of all-cause mortality and atherosclerotic events in male

patients in this cohort (aHR, 1.28 [95% CI, 1.06–1.54], P = 0.011)

(10). Another study involving 865 indigent patients with HF revealed

that during an average follow-up period of 2.6 ± 2.2 years, the

mortality rate among those with MetS was 24%, compared to 16%

among those without MetS. After multivariate adjustment, the

relative risk of death associated with MetS was 1.5 (95% CI: 1.1–

2.1) (11). However, other studies revealed different results. One study

of HF in a Korean population indicated that although individuals

with MetS face increased cardiovascular risk, their mortality rate

from HF is relatively lower (13). A meta-analysis encompassing 10

studies with a total of 18,590 patients with HF indicated that MetS

was not associated with all-cause mortality (HR, 1.04 [95% CI, 0.88–

1.23]) but increased the risk of composite cardiovascular events (HR,

1.73 [95% CI, 1.23–2.45]) (31). The variations across study results

may stem from differences in the definition of metabolic

disturbances and the composition of study populations and their
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metabolic characteristics. Therefore, further research remains

necessary to reach a consensus on these controversial phenomena.

Patients who have overweight or obesity exhibit increased

susceptibility to various metabolic impairments (32) and are more

likely to exhibit predispositions toward MetS. Additionally,

numerous studies have confirmed that having overweight or

obesity is a risk factor for the development of HF. A Mendelian

randomization analysis incorporating two principal Danish cohorts

and additional genetic data from extensive databases such as

GIANT, HERMES, and the UK Biobank established a significant

causal link between BMI and HF (18). The analysis revealed that

every 1 kg/m2 increase in BMI was associated with a 39% greater

risk of HF, with a causal risk ratio of 1.39 [95% CI: 1.27–1.52].

Another study included 4,033 individuals with obesity who had no

history of HF at baseline; 2,003 underwent bariatric surgery, and the

remaining 2,030 received usual care. Over a median follow-up

period of 22 years, the incidence of HF was significantly lower in

the surgical group than in the usual care group (HR, 0.65 [95% CI,

0.54–0.79], P < 0.001) (33). This finding suggests that the risk of HF

decreases with the extent of weight loss. The mechanisms by which

individuals with elevated BMI are susceptible to HF are diverse and

can be classified into indirect and direct pathways (34). Indirect

pathways involve a heightened risk of conditions such as

hypertension, diabetes, and hyperlipidemia associated with

overweight and obesity (35). These conditions are intimately

connected to cardiovascular diseases and significantly increase the
FIGURE 3

Forest plot of all-cause death according to metabolic overweight/obesity phenotypes in patients with HF adjusted for model 2. HR, hazard ratio; CI,
confidence interval; HF, heart failure; MHNW, metabolically healthy with normal weight; MUNW, metabolically unhealthy with normal weight; MHO,
metabolically healthy with overweight or obesity; MUO, metabolically unhealthy with overweight or obesity.
frontiersin.org

https://doi.org/10.3389/fendo.2024.1445395
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Zhou et al. 10.3389/fendo.2024.1445395
likelihood of HF. Direct mechanisms involve tissue inflammation,

endothelial dysfunction, alterations in hemodynamics, and

increased sympathetic nerve activity, which collectively lead to

myocardial remodeling and the subsequent onset of HF (34).

Some studies have suggested the existence of an obesity paradox

regarding the correlation between overweight or obesity and the

prognosis of patients with HF. This obesity paradox posits that

although elevated body weight is associated with an increased

incidence of HF, it correlates with more favorable prognostic

outcomes (5). Several possible mechanisms for the obesity

paradox phenomenon have been proposed (36): it is suggested

that patients with obesity may maintain higher levels of glucose and

metabolic substrates, reduced sympathetic activity, and lower

norepinephrine levels, which could compensate for the adverse

effects of high metabolism and high energy expenditure caused by

HF. However, some researchers have challenged the idea of this

paradoxical phenomenon, suggesting that a higher BMI may be

linked to increased mortality rates in patients with HF or raising

doubts about the universality of the obesity paradox, proposing that

it might only apply to certain specific subgroups (17–19).

Currently, the associations between metabolic dysregulation

and overweight or obesity and the prognosis of patients with HF

remain controversial and uncertain. Although MetS and overweight

or obesity can influence each other and often coexist, this is not

always the case. Many patients exhibit either isolated metabolic

disorders or obesity, resulting in different metabolic overweight/
Frontiers in Endocrinology 10
obesity phenotypes. Previous studies on metabolically unhealthy

phenotypes and their prognoses have primarily focused on

populations with cancer or nonheart failure conditions (37–39),

with few studies investigating the relationship between these

phenotypes and the prognosis of patients with HF. Our research

revealed that in the overall population with CHF, the adverse effects

of MetS on prognosis do not change with alterations in obesity

status, indicating that the MUNW andMUO phenotypes are closely

associated with mortality risk. We observed that the obesity paradox

is only present in the MHO phenotype. The primary reason behind

this phenomenon is the higher metabolic compensation capacity in

individuals with obesity, with skeletal muscle playing a crucial role.

In patients with chronic diseases, skeletal muscle atrophy is

significantly influenced by metabolic disorders (40), whereas in

metabolically healthy patients with HF, the increased weight

proportion is likely attributed to non-fat tissues such as skeletal

muscle. As a major reservoir for glucose and protein, skeletal muscle

plays an important role in energy and metabolic supplementation

(41) and is closely associated with the prognosis of patients with HF

(42). However, the obesity paradox is clearly influenced by

metabolic status, disappearing within MetS presence. We propose

that the following two factors might explain this phenomenon.

First, patients with MetS exhibit elevated IR and may be in a state of

chronic inflammation (43). Their energy metabolism expenditure

could be more pronounced than that of patients without MetS,

potentially offsetting the energy storage benefits associated with
FIGURE 4

Forest plot of CV death according to metabolic overweight/obesity phenotypes in patients with HF adjusted for model 2. CV death, cardiovascular
death; HR, hazard ratio; CI, confidence interval; HF, heart failure; MHNW, metabolically healthy with normal weight; MUNW, metabolically unhealthy
with normal weight; MHO, metabolically healthy with overweight or obesity; MUO, metabolically unhealthy with overweight or obesity.
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overweight or obesity. Second, in the context of the obesity paradox,

energy storage and the amelioration of chronic disease outcomes

may be primarily facilitated by an increase in muscle mass or

subcutaneous fat rather than visceral adipose tissue (VAT) (44, 45).

However, MetS is closely associated with increased VAT (46).

Therefore, in individuals with overweight or obesity and MetS,

the increase may predominantly be in VAT content rather than

muscle mass or subcutaneous fat. VAT can adversely affect

cardiovascular diseases (47), leading to the disappearance of the

obesity paradox in individuals with MetS.

Finally, given that metabolic levels may vary across different age

and sex groups (20, 21), we conducted a stratified exploratory

analysis by age and sex. The results of the exploratory analysis

indicate that among males and elderly females, the following

conclusions still hold: the adverse prognostic impacts of MetS are

unaffected by obesity status, while the obesity paradox is

significantly influenced by metabolic status. Interestingly, in

nonelderly females, we observed a completely different

phenomenon: the detrimental effects of MetS disappeared

regardless of obesity status, and the obesity paradox persisted

without being influenced by metabolic status. We speculated that

the primary reason for this phenomenon may be associated with the

relatively higher levels of estrogen in nonelderly females. First, the

protective effects of estrogen on the cardiovascular system (48)

could partially counterbalance the detrimental impacts of adverse

metabolic conditions. Second, estrogen can influence fat

distribution, notably by favoring peripheral rather than visceral

fat accumulation (49), which may lessen or nullify the negative

effects of MetS on visceral fat distribution. Third, although we

hypothesize that estrogen levels may reduce the adverse effects of

MetS and intensify the manifestations of the obesity paradox, we

currently do not recommend estrogen supplementation for such

patients due to the lack of support from large-scale clinical trial data

and the potential risks of increased incidence of diseases such as

breast and ovarian cancers (50). Finally, we reclassified and

analyzed the study population based on the WHO definition,

observing no significant changes in the outcomes. This supported

the applicability of our findings across various ethnic groups.
Limitations

This study has several limitations. First, despite the large sample

size, the investigation did not comprehensively track the evolution

of metabolic status in the enrolled patients owing to insufficient

information during the follow-up period. Second, the follow-up

phase might be subject to some degree of recall or reporting bias,

especially regarding the date and cause of death. Third, inherent to

observational studies, unmeasured confounding factors could

influence the outcomes, necessitating cautious interpretation of

the results. Fourth, this study was fundamentally observational;

hence, it was impossible to establish a causal relationship between

the exposure factors and the observed outcomes. Fifth, we were

unable to obtain measurements of skeletal muscle mass, thus

precluding an evaluation of its prognostic value in patients with

obesity. Finally, as this was a retrospective study relying on existing
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electronic medical records, the accuracy of baseline information was

potentially limited. This could have affected the interpretation of

results, and such limitations should have been considered when

analyzing the findings. Future studies could consider employing a

prospective design to enhance data quality.
Conclusions

In patients with CHF, the prognostic effects of MetS and

overweight or obesity interact and are influenced by age and sex.

In males and elderly females, the detrimental impacts of MetS

surpass the protective advantages offered by overweight or obesity.

Conversely, in nonelderly females, the protective effects of having

overweight or obesity significantly outweigh the negative

consequences of metabolic disorder. These findings emphasize the

importance of prioritizing the management of metabolic disorders

within specific populations. Additionally, in order to effectively

improve patient outcomes, further research is necessary to

understand the underlying mechanisms of the difference in the

relationships between overweight or obesity and survival among

patients with heart failure concomitant with MetS.
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SUPPLEMENTARY FIGURE 1

Kaplan–Meier estimation of all-cause death and CV death by metabolic
overweight/obesity phenotypes among different subgroups: (A1) all-cause

death in male and age < 60y group, (A2) CV death in male and age < 60y
group, (B1) all-cause death in male and age ≥ 60y group, (B2) CV death in male

and age ≥ 60y group, (C1) all-cause death in female and age < 60y group, (C2)
CV death in female and age < 60y group, (D1) all-cause death in female and

age ≥ 60y group, (D2) CV death in female and age ≥ 60y group. CV death

cardiovascular death, MHNW metabolically healthy with normal weight,
MUNW metabolically unhealthy with normal weight, MHO metabolically

healthy with overweight or obesity, MUO metabolically unhealthy with
overweight or obesity.
References
1. Li Y, Cao GY, Jing WZ, Liu J, Liu M. Global trends and regional differences in
incidence and mortality of cardiovascular disease, 1990-2019: findings from 2019 global
burden of disease study. Eur J Prev Cardiol. (2023) 30:276–86. doi: 10.1093/eurjpc/
zwac285

2. McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, Bohm M, et al.
Chioncel O et al: 2021 ESC Guidelines for the diagnosis and treatment of acute and
chronic heart failure. Eur Heart J. (2021) 42:3599–726. doi: 10.1093/eurheartj/ehab368

3. Savarese G, Becher PM, Lund LH, Seferovic P, Rosano GMC, Coats AJS. Global
burden of heart failure: a comprehensive and updated review of epidemiology.
Cardiovasc Res. (2023) 118:3272–87. doi: 10.1093/cvr/cvac013

4. Becher PM, Lund LH, Coats AJS, Savarese G. An update on global epidemiology
in heart failure. Eur Heart J. (2022) 43:3005–7. doi: 10.1093/eurheartj/ehac248

5. Perrone-Filardi P, Paolillo S, Costanzo P, Savarese G, Trimarco B, Bonow RO.
The role of metabolic syndrome in heart failure. Eur Heart J. (2015) 36:2630–4.
doi: 10.1093/eurheartj/ehv350

6. Miura Y, Fukumoto Y, Shiba N, Miura T, Shimada K, Iwama Y, et al. Yamada A
et al: Prevalence and clinical implication of metabolic syndrome in chronic heart
failure. Circ journal: Off J Japanese Circ Soc. (2010) 74:2612–21. doi: 10.1253/circj.CJ-
10-0677

7. Doehner W, Rauchhaus M, Ponikowski P, Godsland IF, von Haehling S, Okonko
DO, et al. Impaired insulin sensitivity as an independent risk factor for mortality in
patients with stable chronic heart failure. J Am Coll Cardiol. (2005) 46:1019–26.
doi: 10.1016/j.jacc.2005.02.093

8. Riehle C, Abel ED. Insulin signaling and heart failure. Circ Res. (2016) 118:1151–
69. doi: 10.1161/CIRCRESAHA.116.306206

9. Yang S, Du Y, Liu Z, Zhang R, Lin X, Ouyang Y, et al. Triglyceride-glucose index
and extracellular volume fraction in patients with heart failure. Front Cardiovasc Med.
(2021) 8:704462. doi: 10.3389/fcvm.2021.704462

10. Tadaki S, Sakata Y, Miura Y, Miyata S, Asakura M, Shimada K, et al. Yasuda S
et al: Prognostic Impacts of Metabolic Syndrome in Patients With Chronic Heart
Failure- A Multicenter Prospective Cohort Study. Circ journal: Off J Japanese Circ Soc.
(2016) 80:677–88. doi: 10.1253/circj.CJ-15-0942

11. Tamariz L, Hassan B, Palacio A, Arcement L, Horswell R, Hebert K. Metabolic
syndrome increases mortality in heart failure. Clin Cardiol. (2009) 32:327–31.
doi: 10.1002/clc.20496

12. Andersson C, Lyass A, Xanthakis V, Larson MG, Mitchell GF, Cheng S, et al.
Risk factor-based subphenotyping of heart failure in the community. PLoS One. (2019)
14:e0222886. doi: 10.1371/journal.pone.0222886

13. Yoon HJ, Ahn Y, Kim KH, Park JC, Choi DJ, Han S, et al. Yoo BS et al: The
prognostic implication of metabolic syndrome in patients with heart failure. Korean
Circ J. (2013) 43:87–92. doi: 10.4070/kcj.2013.43.2.87

14. Perrone-Filardi P, Savarese G, Scarano M, Cavazzina R, Trimarco B, Minneci S,
et al. Prognostic impact of metabolic syndrome in patients with chronic heart failure:
data from GISSI-HF trial. Int J Cardiol. (2015) 178:85–90. doi: 10.1016/
j.ijcard.2014.10.094

15. Takiguchi M, Yoshihisa A, Miura S, Shimizu T, Nakamura Y, Yamauchi H, et al.
Abe S et al: Impact of body mass index on mortality in heart failure patients. Eur J Clin
Invest. (2014) 44:1197–205. doi: 10.1111/eci.2014.44.issue-12

16. Horwich TB, Fonarow GC, Clark AL. Obesity and the obesity paradox in heart
failure. Prog Cardiovasc Dis. (2018) 61:151–6. doi: 10.1016/j.pcad.2018.05.005

17. Zamora E, Lupon J, Enjuanes C, Pascual-Figal D, de Antonio M, Domingo M,
et al. Farre N et al: No benefit from the obesity paradox for diabetic patients with heart
failure. Eur J Heart failure. (2016) 18:851–8. doi: 10.1002/ejhf.2016.18.issue-7

18. Benn M, Marott SCW, Tybjærg-Hansen A, Nordestgaard BG. Obesity increases
heart failure incidence and mortality: observational and Mendelian randomisation
studies totalling over 1 million individuals. Cardiovasc Res. (2023) 118(18):3576–85.
doi: 10.1093/cvr/cvab368

19. Lee SY, Kim HL, Kim MA, Park JJ, Choi DJ, Kim JJ, et al. Obesity paradox in
Korean male and female patients with heart failure: A report from the Korean Heart
Failure Registry. Int J Cardiol. (2021) 325:82–8. doi: 10.1016/j.ijcard.2020.10.013

20. Razzouk L MD, Paul Muntner P. Ethnic, gender, and age-related differences in
patients with the metabolic syndrome. Curr Hypertension Rep. (2009) 11:127–32.
doi: 10.1007/s11906-009-0023-8

21. Lee S, Ko Y, Kwak C, Yim ES. Gender differences in metabolic syndrome
components among the Korean 66-year-old population with metabolic syndrome.
BMC Geriatr. (2016) 16:27. doi: 10.1186/s12877-016-0202-9

22. Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF3rd, Feldman HI, et al.
A new equation to estimate glomerular filtration rate. Ann Intern Med. (2009) 150:604–
12. doi: 10.7326/0003-4819-150-9-200905050-00006

23. Jia W, Weng J, Zhu D, Ji L, Lu J, Zhou Z, et al. Chen L et al: Standards of medical
care for type 2 diabetes in China 2019. Diabetes Metab Res Rev. (2019) 35:e3158. doi:
10.1002/dmrr.3158

24. Pan X-F, Wang L, Pan A. Epidemiology and determinants of obesity in China.
Lancet Diabetes Endocrinol. (2021) 9:373–92. doi: 10.1016/S2213-8587(21)00045-0

25. Santos NFD, Pinho CPS, Cardoso A, Mendes RML. Cachexia in hospitalized
patients with heart failure. Nutr Hosp. (2018) 35:669–76. doi: 10.20960/nh.1390.

26. Bozkurt B, Aguilar D, Deswal A, Dunbar SB, Francis GS, Horwich T, et al.
Ramasubbu K et al: Contributory Risk and Management of Comorbidities of
Hypertension, Obesity, Diabetes Mellitus, Hyperlipidemia, and Metabolic Syndrome
in Chronic Heart Failure: A Scientific Statement From the American Heart Association.
Circulation. (2016) 134:e535–78. doi: 10.1161/CIR.0000000000000450

27. Di Palo KE, Barone NJ. Hypertension and heart failure: prevention, targets, and
treatment. Heart failure Clinics. (2020) 16:99–106. doi: 10.1016/j.hfc.2019.09.001

28. Yao YS, Li TD, Zeng ZH. Mechanisms underlying direct actions of
hyperlipidemia on myocardium: an updated review. Lipids Health Dis. (2020) 19:23.
doi: 10.1186/s12944-019-1171-8
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fendo.2024.1445395/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2024.1445395/full#supplementary-material
https://doi.org/10.1093/eurjpc/zwac285
https://doi.org/10.1093/eurjpc/zwac285
https://doi.org/10.1093/eurheartj/ehab368
https://doi.org/10.1093/cvr/cvac013
https://doi.org/10.1093/eurheartj/ehac248
https://doi.org/10.1093/eurheartj/ehv350
https://doi.org/10.1253/circj.CJ-10-0677
https://doi.org/10.1253/circj.CJ-10-0677
https://doi.org/10.1016/j.jacc.2005.02.093
https://doi.org/10.1161/CIRCRESAHA.116.306206
https://doi.org/10.3389/fcvm.2021.704462
https://doi.org/10.1253/circj.CJ-15-0942
https://doi.org/10.1002/clc.20496
https://doi.org/10.1371/journal.pone.0222886
https://doi.org/10.4070/kcj.2013.43.2.87
https://doi.org/10.1016/j.ijcard.2014.10.094
https://doi.org/10.1016/j.ijcard.2014.10.094
https://doi.org/10.1111/eci.2014.44.issue-12
https://doi.org/10.1016/j.pcad.2018.05.005
https://doi.org/10.1002/ejhf.2016.18.issue-7
https://doi.org/10.1093/cvr/cvab368
https://doi.org/10.1016/j.ijcard.2020.10.013
https://doi.org/10.1007/s11906-009-0023-8
https://doi.org/10.1186/s12877-016-0202-9
https://doi.org/10.7326/0003-4819-150-9-200905050-00006
https://doi.org/10.1002/dmrr.3158
https://doi.org/10.1016/S2213-8587(21)00045-0
https://doi.org/10.20960/nh.1390.
https://doi.org/10.1161/CIR.0000000000000450
https://doi.org/10.1016/j.hfc.2019.09.001
https://doi.org/10.1186/s12944-019-1171-8
https://doi.org/10.3389/fendo.2024.1445395
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Zhou et al. 10.3389/fendo.2024.1445395
29. Nakamura K, Miyoshi T, Yoshida M, Akagi S, Saito Y, Ejiri K, et al. Naito T et al:
Pathophysiology and Treatment of Diabetic Cardiomyopathy and Heart Failure in
Patients with Diabetes Mellitus. Int J Mol Sci. (2022) 23:3587. doi: 10.3390/
ijms23073587

30. Paolillo S, Rengo G, Pellegrino T, Formisano R, Pagano G, Gargiulo P, et al.
Rapacciuolo A et al: Insulin resistance is associated with impaired cardiac sympathetic
innervation in patients with heart failure. Eur Heart J Cardiovasc Imaging. (2015)
16:1148–53. doi: 10.1093/ehjci/jev061

31. Huang ZM, Chen WR, Su QW, Huang ZW. Prognostic impact of metabolic
syndrome in patients with heart failure: A meta-analysis of observational studies. Front
Cardiovasc Med. (2021) 8:704446. doi: 10.3389/fcvm.2021.704446

32. Saltiel AR, Olefsky JM. Inflammatory mechanisms linking obesity and metabolic
disease. J Clin Invest. (2017) 127:1–4. doi: 10.1172/JCI92035

33. Jamaly S, Carlsson L, Peltonen M, Jacobson P, Karason K. Surgical obesity
treatment and the risk of heart failure. Eur Heart J. (2019) 40:2131–8. doi: 10.1093/
eurheartj/ehz295

34. Alebna PL, Mehta A, Yehya A, daSilva-deAbreu A, Lavie CJ, Carbone S. Update
on obesity, the obesity paradox, and obesity management in heart failure. Prog
Cardiovasc Dis. (2024) 82:34–42. doi: 10.1016/j.pcad.2024.01.003

35. Zhang L, Zhang WH, Zhang L, Wang PY. Prevalence of overweight/obesity and
its associations with hypertension, diabetes, dyslipidemia, and metabolic syndrome: a
survey in the suburban area of Beijing, 2007. Obes Facts. (2011) 4:284–9. doi: 10.1159/
000331014

36. Odeyemi J, Akinade ON, Osabutey A, Okorigba EM, Esomonye T, Oboasekhi A,
et al. Obesity and heart failure: understanding the paradox. Int J Of Sci Adv. (2022)
3:552–6. doi: 10.51542/ijscia

37. Yuan Z, Cheng Y, Han J, Wang D, Dong H, Shi Y, et al. Association between
metabolic overweight/obesity phenotypes and readmission risk in patients with lung
cancer: A retrospective cohort study. EClinicalMedicine. (2022) 51:101577.
doi: 10.1016/j.eclinm.2022.101577

38. Ko SH, Baeg MK, Ko SY, Jung HS, Kim P, Choi MG. Obesity and metabolic
unhealthiness have different effects on colorectal neoplasms. J Clin Endocrinol Metab.
(2017) 102:2762–9. doi: 10.1210/jc.2017-00152

39. Mirzaei B, Abdi H, Serahati S, Barzin M, Niroomand M, Azizi F, et al.
Cardiovascular risk in different obesity phenotypes over a decade follow-up: Tehran
Frontiers in Endocrinology 13
Lipid and Glucose Study. Atherosclerosis. (2017) 258:65–71. doi: 10.1016/
j.atherosclerosis.2017.02.002

40. Philippou A, Xanthis D, Chryssanthopomicronulos C, Maridaki M, Koutsilieris
M. Heart failure-induced skeletal muscle wasting. Curr Heart Fail Rep. (2020) 17:299–
308. doi: 10.1007/s11897-020-00468-w

41. Argiles JM, Campos N, Lopez-Pedrosa JM, Rueda R, Rodriguez-Manas L.
Skeletal muscle regulates metabolism via interorgan crosstalk: roles in health and
disease. J Am Med Dir Assoc. (2016) 17:789–96. doi: 10.1016/j.jamda.2016.04.019

42. Konishi M, Akiyama E, Matsuzawa Y, Sato R, Kikuchi S, Nakahashi H, et al.
Ebina T et al: Prognostic impact of muscle and fat mass in patients with heart failure. J
cachexia sarcopenia Muscle. (2021) 12:568–76. doi: 10.1002/jcsm.12702

43. Silveira Rossi JL, Barbalho SM, Reverete de Araujo R, Bechara MD, Sloan KP,
Sloan LA. Metabolic syndrome and cardiovascular diseases: Going beyond traditional
risk factors. Diabetes Metab Res Rev. (2022) 38:e3502. doi: 10.1002/dmrr.3502

44. Antonopoulos AS, Tousoulis D. The molecular mechanisms of obesity paradox.
Cardiovasc Res. (2017) 113:1074–86. doi: 10.1093/cvr/cvx106

45. Tsujimoto T, Kajio H. Abdominal obesity is associated with an increased risk of
all-cause mortality in patients with HFpEF. J Am Coll Cardiol. (2017) 70:2739–49.
doi: 10.1016/j.jacc.2017.09.1111

46. Celtikci P. Associations of abdominal visceral and subcutaneous adipose tissue
with clinical and computed tomography imaging markers of metabolic syndrome. Ann
Med Res. (2021) 28:2183–9. doi: 10.5455/annalsmedres.2021.03.293

47. Aparecida Silveira E, Vaseghi G, de Carvalho Santos AS, Kliemann N,
Masoudkabir F, Noll M, et al. Visceral obesity and its shared role in cancer and
cardiovascular disease: A scoping review of the pathophysiology and pharmacological
treatments. Int J Mol Sci. (2020) 21:9042. doi: 10.3390/ijms21239042

48. Lagranha CJ, Silva TLA, Silva SCA, Braz GRF, da Silva AI, Fernandes MP, et al.
Protective effects of estrogen against cardiovascular disease mediated via oxidative
stress in the brain. Life Sci. (2018) 192:190–8. doi: 10.1016/j.lfs.2017.11.043

49. Bjune JI, Stromland PP, Jersin RA, Mellgren G, Dankel SN. Metabolic and
epigenetic regulation by estrogen in adipocytes. Front Endocrinol (Lausanne). (2022)
13:828780. doi: 10.3389/fendo.2022.828780

50. Johansson Å, Schmitz D, Höglund J, Hadizadeh F, Karlsson T, Ek WE.
Investigating the effect of estradiol levels on the risk of breast, endometrial, and
ovarian cancer. J Endocrine Soc. (2022) 6:bvac100. doi: 10.1210/jendso/bvac100
frontiersin.org

https://doi.org/10.3390/ijms23073587
https://doi.org/10.3390/ijms23073587
https://doi.org/10.1093/ehjci/jev061
https://doi.org/10.3389/fcvm.2021.704446
https://doi.org/10.1172/JCI92035
https://doi.org/10.1093/eurheartj/ehz295
https://doi.org/10.1093/eurheartj/ehz295
https://doi.org/10.1016/j.pcad.2024.01.003
https://doi.org/10.1159/000331014
https://doi.org/10.1159/000331014
https://doi.org/10.51542/ijscia
https://doi.org/10.1016/j.eclinm.2022.101577
https://doi.org/10.1210/jc.2017-00152
https://doi.org/10.1016/j.atherosclerosis.2017.02.002
https://doi.org/10.1016/j.atherosclerosis.2017.02.002
https://doi.org/10.1007/s11897-020-00468-w
https://doi.org/10.1016/j.jamda.2016.04.019
https://doi.org/10.1002/jcsm.12702
https://doi.org/10.1002/dmrr.3502
https://doi.org/10.1093/cvr/cvx106
https://doi.org/10.1016/j.jacc.2017.09.1111
https://doi.org/10.5455/annalsmedres.2021.03.293
https://doi.org/10.3390/ijms21239042
https://doi.org/10.1016/j.lfs.2017.11.043
https://doi.org/10.3389/fendo.2022.828780
https://doi.org/10.1210/jendso/bvac100
https://doi.org/10.3389/fendo.2024.1445395
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Associations between metabolic overweight/obesity phenotypes and mortality risk among patients with chronic heart failure
	Introduction
	Methods
	Study design and population
	Ethics statement
	Data collection and definitions
	Follow-up and outcomes
	Statistical analysis

	Results
	Participant characteristics
	Association between metabolic overweight/obesity phenotypes and risk outcomes
	Association of metabolic overweight/obesity phenotypes with mortality across age- and sex-stratified subgroups
	Association between metabolic overweight/obesity phenotypes based on the WHO definition and primary outcomes

	Discussion
	Limitations

	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


