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OBJECTIVES: Although an association is known to exist between metabolic syndrome (MetS) and heart failure (HF) risk, large 
longitudinal studies are limited. We investigated metabolic status as a risk factor for HF in middle-aged male and female and 
considered sex differences in various risk factors for HF using nationwide real-world data.

METHODS: Data obtained from the Korean National Health Insurance Service from 2009 to 2016 were analyzed. A total of 
2,151,597 middle-aged subjects (between 50 and 59 years old) were enrolled. Subjects were divided into 3 groups (normal, pre‐
MetS, and MetS). Cox proportional hazard models were used to estimate the association between MetS and incident HF after 
adjusting for clinical risk factors.

RESULTS: At baseline, MetS existed in 23.77% of male and 10.58% of female. Pre-MetS and MetS increased the risk of HF: the 
hazard ratios of pre-MetS for incident HF were 1.508 (95% confidence interval [CI], 1.287 to 1.767) in male and 1.395 (95% CI, 
1.158 to 1.681) in female, and those of MetS were 1.711 (95% CI, 1.433 to 2.044) in male and 2.144 (95% CI, 1.674 to 2.747) in 
female. Current smoking, a low hemoglobin level, underweight (body mass index < 18.5 kg/m2), a high creatinine level, and 
acute myocardial infarction were also predictors of HF in both sexes.

CONCLUSIONS: Pre-MetS and MetS were identified as risk factors for HF in middle-aged male and female. The effect of 
MetS on the occurrence of HF was stronger in female than in male. Pre-MetS was also a predictor of HF, but was associated 
with a lower risk than MetS.
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INTRODUCTION

Heart failure (HF) is a clinical syndrome with symptoms and/or 
signs caused by a structural and/or functional cardiac abnormality 
and corroborated by elevated natriuretic peptide levels and/or ob-
jective evidence of pulmonary or systemic congestion [1]. Unlike 
other cardiac disorders, the prognoses of which have markedly 
improved, only modest survival improvement has been observed 
in HF patients, and the prevalence of HF is rising [2-4].

Metabolic syndrome (MetS), a cluster of cardiovascular risk 
factors that includes hypertension (HTN), central obesity, insulin 
resistance, and atherogenic dyslipidemia, is common worldwide. 
The prevalence of MetS in males and females is 35.6% and 30.3% 
in the United States [5] and 41% and 38% in Europe [6]. Although 
the pathophysiologic mechanism of MetS has not been fully elu-
cidated, obesity and insulin resistance are believed to play a criti-
cal role in the pathogenesis of MetS [7].

Many studies have demonstrated an association between HF 
and MetS. Miura et al. [8] reported that the prevalence of MetS was 
2-fold higher in patients with HF than in the general population, 
and Li et al. [9] found that MetS was associated with an approxi-
mately 2-fold increased likelihood of self-reported HF in a popu-
lation-based cross-sectional study. Various studies have also report-
ed associations between MetS and the prognosis of HF [10,11]. 
Although the underlying pathophysiologic mechanisms of the as-
sociation between MetS and HF remain to be fully elucidated, met-
abolic stress caused by elevated glucose and free fatty acids, includ-
ing dysregulated insulin signaling, impaired mitochondrial respi-
ration, and reactive oxygen species formation, is thought to de-
crease adenosine triphosphate (ATP) production, resulting in im-
paired contraction, myocellular hypertrophy, and fibrosis of the 
heart, subsequently leading to HF [12].

Despite extensive evidence showing the association between 
MetS and HF, there are few longitudinal studies that allow causal 
inferences, and the majority of them were carried out among el-
derly people. Even though a longitudinal study in middle-aged 
individuals was published, only males were involved [13]. The au-
thors hypothesized that the risk of MetS for HF may be different 
by age group as well as by sex. Thus, in this study, we investigated 
whether MetS is a predictor of HF in both males and females in 
their 50s using the National Health Insurance Service (NHIS) da-
tabase. We also investigated the difference in the degree of the risk 
of MetS associated with HF between males and females.

MATERIALS AND METHODS

Database source
This study used the database of the NHIS, which is the universal 

health insurance system in Korea. The NHIS covers more than 
97% of the population, and its database contains information on 
patients’ demographics (age, sex, socioeconomic variables, etc.), 
prescribed drugs (generic drug name, prescription date, and the 
duration and route of administration) and use of medical care in-

stitutions (hospital admissions, outpatient department visits, phar-
maceutical visits, etc.). The NHIS also provides an annual or bien-
nial health screening examination called the National Health Screen-
ing Program to the population aged 20 years and older, which in-
cludes questionnaires on lifestyle and behavior, physical examina-
tions, and blood tests. In the NHIS database, diagnoses are coded 
according to the International Classification of Diseases‐10th re-
vision (ICD‐10). The data were provided by the NHIS after de-
identification. 

Study population
The number of individuals who underwent health screening 

examinations between January and December 2009 in Korea was 
9,927,538. Among these 9,927,538 participants, 7,775,941 were ex-
cluded for the following reasons: (1) age <50 years old or ≥60 years 
old; and (2) history of malignancy (ICD‐10 codes C00.X‐C99.X) 
or (3) history of cardiovascular or cerebrovascular disease, includ-
ing atrial fibrillation (ICD‐10 codes I48), coronary artery disease 
(procedure codes M6561‐4), myocardial infarction (ICD‐10 codes 
I21), HF (ICD‐10 codes I42 or I50), cerebrovascular accident (ICD‐ 
10 codes I60.X‐I609.X), and peripheral arterial disease (ICD‐10 
codes I73 or I74) within 5 years from the screening. HF was con-
sidered to have been diagnosed when the diagnostic code of HF 
occurred and there was any history of admission to the hospital. 
The final number of participants in the study was 2,151,597. These 
subjects were then divided into 3 groups for each sex according to 
the number of MetS components: normal group (0), pre‐MetS 
group (1-2), and MetS group (3-5). We analyzed follow‐up data 
until December 31, 2016 (Figure 1).

Definition of metabolic syndrome
According to the modified criteria of the National Cholesterol 

Education Program/Adult Treatment Panel III criteria [14], a di-
agnosis of MetS was made when at least 3 of the following 5 com-
ponents were present: (1) abdominal obesity (waist circumference 
≥ 90 cm for males, ≥ 85 cm for females); (2) elevated blood pres-
sure (systolic blood pressure ≥ 130 mmHg, diastolic blood pres-
sure ≥ 85 mmHg, or treatment of previously diagnosed HTN); (3) 
elevated fasting glucose (≥ 100 mg/dL or treatment of previously 
diagnosed diabetes mellitus [DM]); (4) high triglycerides (TGs; 
≥ 150 mg/dL or drug treatment for high TGs); and (5) low high‐
density lipoprotein cholesterol (HDL‐C; < 40 mg/dL for males, 
< 50 mg/dL for females or drug treatment for low HDL‐C). Sub-
jects with 1 or 2 MetS components were defined as having pre‐MetS, 
and those with no MetS components were defined as normal.

Primary outcome and follow-up
The primary outcome of this analysis was the incidence of HF 

during the follow‐up period. We defined an HF event using newly 
occurring ICD‐10 codes for HF (I50). Follow-up was initiated at 
the date of the health screening examination and ended at the in-
cidence of HF, death, or December 31, 2016, whichever came first.
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Statistical analysis
Descriptive statistics were used to present the characteristics of 

the study subjects. The comparisons of baseline characteristics 
among subjects with different MetS statuses were performed with 
the chi-square test.

Cox proportional hazard models were used to estimate hazard 
ratios (HRs) and 95% confidence intervals (CIs) for the incidence 
of HF during the follow-up period. Before using the Cox propor-
tional hazard model, log-log survival curves were plotted to test 
the proportional hazard assumption. The models were initially 
unadjusted, and further adjustments were made for demographic 
characteristics (age, smoking status, and exercise status) (model 1). 
Model 2 was adjusted for the same covariates as model 1, as well 
as family history of HTN, stroke, and DM. Covariates were added 
to those of previous models step by step; thus, model 3 was adjust-
ed for body mass index (BMI) and laboratory results (hemoglobin, 
creatinine, total cholesterol, low‐density lipoprotein cholesterol, 
and alanine aminotransferase [ALT]) as well as demographic char-
acteristics and family history. Model 4 was adjusted for demographic 
characteristics, family history, BMI, laboratory results, and the 
occurrence of acute myocardial infarction (AMI) during the fol-
low-up period. To examine the risk of HF per individual compo-
nent of Mets, additional analysis was performed with final model, 
in which the 5 components of MetS (abdominal obesity, elevated 
blood pressure, elevated fasting glucose, high TG, low HDL-C) 
were used instead of metabolic status. 

All tests were 2-sided, with a significance level of 0.05. All anal-
yses were conducted using SAS version 9.4 (SAS Institute Inc., 
Cary, NC, USA).

Ethics statement 
This study was approved by the NHIS of Korea (No. NHIS-2020-

1-153) and the Institutional Review Board of Konkuk University 
Medical Center (No. KUH 2020-07-096).

RESULTS

Baseline characteristics
A total of 1,149,642 males and 1,001,955 females were included 

in this analysis. At baseline, MetS existed in 23.77% of males and 
10.58% of females. The prevalence of pre‐MetS was 55.64% and 
50.86% in males and females, respectively. Table 1 presents base-
line characteristics by MetS status. The prevalence of MetS was 
significantly associated with smoking status, alcohol consump-
tion, and the frequency of exercise. The prevalence of MetS also 
exhibited significant associations with family history of HTN, DM, 
and stroke; BMI; and the clinical laboratory results of total choles-
terol, hemoglobin, creatinine, and ALT in both sexes (Table 1).

Association between metabolic syndrome status 
and heart failure 

The incidence rate of HF was associated with MetS status. The 
incidence increased as pre-MetS progressed to MetS and was high-
er in males than in females. The rates per 100,000 person-years in 
the normal population were 19.20 in males and 13.38 in females, 
and the rates in the pre-MetS and MetS populations were 35.88 
and 55.05, respectively, in males and 19.42 and 34.91, respectively, 
in females (Figure 2).

Table 2 compares the baseline characteristics of the population 
with HF and those without HF. Both in males and females, the 
frequency of HF was higher in the population with MetS than in 

Figure 1. Flow diagram of the study population. Pre-MetS, pre-metabolic syndrome; MetS, metabolic syndrome; AF, atrial fibrillation; HF, 
heart failure; CAD, coronary artery disease; MI, myocardial infarction; CVA, cerebrovascular accident; PAD, peripheral arterial disease.

Subjects underwent health examination
between Jan and Dec 2009 

(n=9,927,538)

Subjects included in analysis
(n=2,151,597)

Male 
(n=1,149,642)
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(n=1,001,955)

Pre-MetS 
(n=639,704)

Pre-MetS 
(n=509,614)

Normal 
(n=236,669)

Normal 
(n=386,322)

MetS 
(n=273,269)

MetS 
(n=106,019)

Subjects excluded (n=7,775,941)
   - <50 or ≥60 yr old
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the normal population. The pre-MetS population also showed a 
higher frequency of HF than the normal population, although the 
proportion was lower than that of the MetS group.

In addition to MetS status, statistically significant differences 
were found in baseline characteristics between populations with 
and without HF. In both males and females, current smokers 
showed a higher proportion of HF incidence than ex-smokers or 
non-smokers. The occurrence of AMI during the follow-up peri-
od was clearly related to a higher frequency of HF. In comparison 
to the normal BMI group, both the underweight and overweight 
(obese) groups showed higher HF frequency in both sexes. Labo-
ratory findings including cholesterol, creatinine, and ALT and a 
family history of HTN were also related to the frequency of HF in 
both sexes. Differences in HF frequency according to alcohol con-
sumption, frequency of exercise, family history of DM, and 
hemoglobin level were shown only in males (Table 2).

Risk factors for heart failure 
Multivariable Cox regression analysis was performed to evaluate 

risk factors for HF (Tables 3 and 4). Without other covariates, the 
HRs of pre‐MetS and MetS for HF were 1.867 (95% CI, 1.599 to 
2.180) and 3.016 (95% CI, 2.569 to 3.541), respectively, in males 
and 1.605 (95% CI, 1.340 to 1.923) and 3.349 (95% CI, 2.706 to 
4.145), respectively, in females (model 1). Considering age; smok-
ing; alcohol consumption; exercise; family history of heart disease, 
HTN, DM, and stroke; laboratory results; and the occurrence of 
AMI during the follow-up period as covariates, the occurrence of 
HF was still significantly higher in subjects with pre‐MetS or MetS 
than in normal individuals, with higher HRs observed in MetS 
patients than pre‐MetS patients. The risk of HF associated with 
pre-MetS was slightly higher in males than in females, whereas 
that associated with MetS was higher in females than in males 
(HR of pre-MetS: 1.508; 95% CI, 1.287 to 1.767 in males and 
1.395; 95% CI, 1.158 to 1.681 in females; HR of MetS: 1.711; 95% 
CI, 1.433 to 2.044 in males and 2.144; 95% CI, 1.674 to 2.747 in 
females) (model 5; Tables 3 and 4).

In addition, the occurrence of AMI during the follow-up period 
was associated with a 131-fold and 83-fold higher risk for HF in 

males and females, respectively. Although the study participants 
were all in their 50s, the risk of HF increased with increasing age. 
Current smoking increased the risk of HF by 1.2-fold (HR,1.190; 
95% CI, 1.051 to 1.348) in males and 1.7-fold in females (HR, 
1.721; 95% CI, 1.254 to 2.362). Low hemoglobin levels and elevat-
ed creatinine levels were also risk factors for HF. The HR of low 
hemoglobin was 1.553 (95% CI, 1.319 to 1.829) in males and 
1.203 (95% CI, 1.006 to 1.439) in females; the HR (95% CI) of ele-
vated creatinine level was 1.624 (95% CI, 1.362 to 1.937) in males 
and 2.167 (95% CI, 1.510 to 3.109) in females.

BMI as a risk factor for HF showed different results by sex. Over-
weight was a significant risk factor for HF in females with obesity 
(BMI ≥ 30.0 kg/m2), increasing the risk by 2-fold (HR, 2.085; 95% 
CI, 1.523 to 2.853), whereas overweight was not a risk factor for 
HF in males. Underweight (BMI < 18.5 kg/m2) increased the risk 
of HF in males and females by 1.8-fold (HR, 1.786; 95% CI, 1.266 
to 2.520) and 1.7-fold (HR, 1.663; 95% CI, 1.053 to 2.624), respec-
tively.

Alcohol consumption, total cholesterol and ALT levels exhibited 
inconsistent relationships with the occurrence of HF by sex. Only 
in males, the consumption of 2-3 servings of alcohol per month 
and a slight elevation of total cholesterol (200-239 mg/dL) decreased 
the risk of HF by 19% (HR, 0.814; 95% CI, 0.729 to 0.909) and 11% 
(HR, 0.888; 95% CI, 0.799 to 0.986) respectively. A slight elevation 
of the ALT level (40-99 IU/L) increased the risk of HF (HR, 1.551; 
95% CI, 1.193 to 2.016) only in females, and an elevation of the 
ALT level over 100 IU/L) increased the risk of HF (HR, 1.591; 
95% CI, 1.183 to 2.139) only in males.

In the investigation of the risk of HF for each component of 
MetS, elevated blood pressure and elevated fasting glucose increased 
the risk of HF both in males and females by 1.17-1.37 fold. Ab-
dominal obesity was only the risk factor for males. High TG and 
low HDL-C levels did not show significant effects (Table 5).

DISCUSSION

Associations between the prevalence or prognosis of HF and 
MetS have been shown in many studies [8-11]. However, most of 
these studies were cross-sectional in design, which prevents draw-
ing causal inferences, and only a few longitudinal studies have been 
reported. A longitudinal study with 2,314 middle-aged males re-
ported that MetS was a significant risk factor for HF, with an HR 
of 1.80 (95% CI, 1.11 to 2.91) [13]. A study of elderly individuals 
in their 70s reported that MetS increased the occurrence of HF, 
with an HR of 1.49 (95% CI, 1.10 to 2.00) [15], and another study 
of elderly individuals with a mean age of 69 years also reported 
that MetS was a predictor of HF, with an HR of 1.58 (95% CI, 1.16 
to 2.15) [16]. In contrast, in a study of participants with a mean 
age of 62 years, MetS was not a significant risk factor for HF [14]. 
The present study was a large population-based study that includ-
ed over 2 million individuals in their 50s. MetS was a significant 
risk factor for HF, and the HR in males was similar to that report-
ed in a previous study of middle-aged males [13]. Although the 

Figure 2. Incidence rate of heart failure. Pre-MetS, pre-metabolic 
syndrome; MetS, metabolic syndrome.
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Table 2. Baseline characteristics of study population according to HF

Characteristics
Male Female

Non-HF HF p-value1 Non-HF HF p-value1

Metabolic status
Normal 236,373 (99.87) 296 (0.13) <0.001 386,025 (99.92) 297 (0.08) <0.001
Pre‐MetS 638,221 (99.77) 1,483 (0.23) 509,001(99.88) 612 (0.12)
MetS 272,285 (99.64) 984 (0.36) 105,769 (99.76) 250 (0.24)

Smoking status <0.001 <0.001
Non-smoker 299,458 (99.81) 562 (0.19) 948,372 (99.89) 1,056 (0.11)
Ex-smoker 307,501 (99.82) 543 (0.18) 14,191 (99.85) 21 (0.15)
Current smoker 533,637 (99.69) 1,645 (0.31) 31,028 (99.76) 75 (0.24)

Alcohol consumption <0.001 0.224
None 312,309 (99.71) 902 (0.29) 705,123 (99.88) 820 (0.12)
2-3 drinks/mo 548,255 (99.79) 1,146 (0.21) 236,485 (99.89) 257 (0.11)
1-4 drinks/wk 206,048 (99.77) 477 (0.23) 33,585 (99.88) 39 (0.12)
≥5 drinks/wk 68,622 (99.69) 214 (0.31) 11,510 (99.83) 20 (0.17)

Exercise (times/wk) <0.001 0.096
No exercise 464,750 (99.74) 1,220 (0.26) 513,340 (99.88) 626 (0.12)
1-4 229,928 (99.77) 529 (0.23) 181,793 (99.89) 209 (0.11)
≥5 442,872 (99.78) 993 (0.22) 298,969 (99.90) 314 (0.10)

Acute myocardial infarction <0.001 <0.001
Yes 5,335 (81.90) 1,179 (18.10) 599 (86.06) 97 (13.94)
No 1,141,544 (99.86) 1,584 (0.14) 1,000,196 (99.89) 1,062 (0.11)

Family history of hypertension 0.031 0.012
Yes 119,251 (99.74) 314 (0.26) 127,569 (99.87) 168 (0.13)
No 678,868 (99.77) 1,564 (0.23) 535,269 (99.89) 566 (0.11)

Family history of diabetes mellitus 0.001 0.483
Yes 109,954 (99.72) 308 (0.28) 102,395 (99.88) 120 (0.12)
No 687,487 (99.77) 1,571 (0.23) 560,104 (99.89) 612 (0.11)

Family history of stroke 0.214 0.999
Yes 85,003 (99.75) 217 (0.25) 65,377 (99.89) 72 (0.11)
No 713,089 (99.77) 1,664 (0.23) 596,696 (99.89) 657 (0.11)

Total cholesterol (mg/dL) <0.001 <0.001
<200 601,702 (99.79) 1,268 (0.21) 597,109 (99.89) 631 (0.11)
200-239 399,277 (99.77) 940 (0.23) 307,422 (99.88) 383 (0.12)
>239 145,900 (99.62) 555 (0.38) 96,264 (99.85) 145 (0.15)

ALT (IU/L) <0.001 <0.001
<40 919,272 (99.78) 2,070 (0.22) 952,491 (99.91) 1,048 (0.09)
40-99 210,218 (99.71) 607 (0.29) 43,668 (99.88) 337 (0.12)
>100 17,389 (99.51) 86 (0.49) 159,829 (99.86) 231 (0.14)

Hemoglobin (g/dL) <0.001 0.054
<13.5 (male), <12.0 (female) 87,087 (99.68) 279 (0.32) 222,419 (99.88) 270 (0.12)
13.5-17.5 (male), 12.0-15.5 (female) 1,047,180 (99.77) 2,418 (0.23) 773,363 (99.89) 878 (0.11)
>17.5 (male), >15.5 (female) 12,612 (99.48) 66 (0.62) 4,929 (99.78) 11 (0.22)

Creatinine (mg/dL) <0.001 <0.001
≤1.5 1,105,044 (99.77) 2,601 (0.23) 986,158 (99.89) 1,115 (0.11)
>1.5 41,764 (99.61) 162 (0.39) 14,582 (99.70) 44 (0.30)

Body mass index (kg/m2) <0.001 <0.001
<18.5 16,995 (99.69) 52 (0.31) 25,396 (99.87) 32 (0.13)
18.5-22.9 357,675 (99.79) 763 (0.21) 487,723 (99.91) 433 (0.09)
23-24.9 325,142 (99.79) 680 (0.21) 240,123 (99.89) 269 (0.11)
25-29.9 412,217 (99.73) 1,117 (0.27) 218,619 (99.85) 339 (0.15)
≥30.0 34,850 (99.57) 151 (0.43) 28,934 (99.70) 86 (0.30)

Values are presented as number (%).
HF, heart failure; Pre-MetS, pre-metabolic syndrome; MetS, metabolic syndrome; ALT, alanine aminotransferase.
1Using chi-square test.
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results of studies in elderly populations are inconsistent, the HR 
in the present study was higher than that in a study conducted 
among elderly participants in which MetS was reported to be a 
significant risk factor for HF [15,16].

The present study revealed that the effect of MetS on HF differs 
by sex. The HR in males was 1.711 (95% CI, 1.433 to 2.044) and 
that in females was 2.144 (95% CI, 1.674 to 2.747), showing a 
higher risk of MetS associated with HF in females than in males. 
The authors speculate that this sex difference in the risk of MetS 
for HF is due to the difference in the distribution of HF subtypes 
between males and females. It was reported that patients with HF 
with preserved ejection fraction (HFpEF) are twice as likely to be 
females, while males have a 2-fold higher cumulative incidence of 
HF with reduced ejection fraction (HFrEF) than HFpEF [17-19]. 
Both in HFrEF and HFpEF, inappropriate or excessive inflamma-
tion is a major factor damaging the heart; however, the cause of 
the inflammation differs. HFpEF is associated with inflammation 
brought on by a cluster of metabolic risk factors such as obesity, 
diabetes, and HTN, whereas HFrEF is associated with sterile in-
flammation induced by myocardial infarction or toxic necrosis, 
or non-sterile inflammation induced by viral infection [20]. Giv-
en this knowledge, despite not discriminating between HFrEF 
and HFpEF in this study, the authors hypothesize that the propor-
tion of HFpEF was likely higher in females than in males, and as a 
result, the risk of MetS for HF was evaluated to be higher in fe-
males than in males. This theory is limited, however, by the fact 
that the risk of pre-MetS for HF was marginally higher in males, 
whose predominant subtype is HFrEF. Further research is needed 
on the mechanism underlying sex differences in the risk of MetS. 

In the additional investigation of the risk of HF per individual 
MetS component, 3 of 5 components (abdominal obesity, elevated 
blood pressure, and elevated fasting glucose) increased the risk of 
HF. Interestingly, none of the HRs of those 3 components were 
greater than those of MetS or pre-MetS. This means that individu-
als diagnosed with MetS or pre-MetS have a higher risk for HF 
than those who have only 1 component of MetS.

In this study, we considered the known risk factors for HF as 

covariates for adjustment in the Cox regression analysis. It is well 
known that AMI is a major risk factor for HF. In a study with a 
median follow-up time of 3.2 years, 31% of males and 46% of fe-
males developed HF among those hospitalized due to AMI [21]. 
Another study reported that approximately 84% of patients with 
coronary heart disease developed HF during a 19-year follow-up 
[22]. In the present study, AMI increased the risk of HF by 131-
fold in males and 83-fold in females, which are considerably 
higher risks than those previously reported. In a study using data 
from the National Health and Nutrition Examination Survey [22], 
the relative risk of AMI was 8, and in the Framingham study [23], 
the HR was 6. The reason that the HR of AMI was extremely high 
in our study is thought to be that the study population was com-
posed of relatively healthy individuals, and patients with a history 
of cardiocerebrovascular diseases were excluded; additionally, the 
follow-up period was relatively short compared to that of the 
NHANES study or the Framingham study. Namely, in people 
who do not have an underlying disease that can lead to HF, the 
effect of AMI on the occurrence of HF within a short period is 
suspected to be critical. The HR of AMI for HF was higher in 
males than in females, coinciding with the findings of a previous 
report [22].

The association between BMI and HF exhibited obvious sex 
differences. In females, BMI of 23.0-29.9 kg/m2 increased the risk 
of HF by 1.2-fold to 1.3-fold, and obesity (BMI ≥ 30.0 kg/m2) in-
creased it by 2.1-fold, whereas in males, overweight was not a sig-
nificant risk factor for HF. This result is consistent with many 
studies that reported that overweight increased the HF risk in fe-
males more significantly than in males [22,24-26]. In the present 
study, underweight (BMI < 18.5 kg/m2) increased the risk of HF 
in both males and females. Although various studies have report-
ed associations between BMI and HF, underweight has rarely 
been separately evaluated [27-29]. The increased risk of HF by 
underweight is supported by a recent study that reported associa-
tions among obesity degree, glycemic status, and risk of HF [30].

In this study, low hemoglobin was a risk factor for HF; however, 
high hemoglobin levels were not a risk factor despite the signifi-
cantly high prevalence of HF in individuals with high hemoglobin 
levels. Low hemoglobin levels, lower blood viscosity, hypoxia, and 
enhanced nitric oxide activity induce reduced vascular resistance, 
followed by increased cardiac output. Increased cardiac output 
leads to left ventricular hypertrophy and cardiac enlargement, 
which can eventually lead to HF [31]. Different results have been 
reported regarding the association between HF and hemoglobin 
levels; while Klip et al. [32] reported that both low levels and high 
levels of hemoglobin increased the risk of HF compared to the 
risk associated with normal hemoglobin levels, Coglianese et al. 
[33] reported that high and normal hematocrit levels were associ-
ated with a higher risk of HF than low hematocrit levels. These 
reports explained that a high level of hemoglobin increases vascu-
lar resistance by scavenging nitric oxide, a vasodilator, which in-
duces hypertension, left ventricular hypertrophy, and finally HF. 
These different associations between hemoglobin level and HF 

Table 5. Risk of heart failure according to each component of meta-
bolic syndrome: Cox proportional hazard model

Variables 
Multivariable HR (95% CI)

Male Female

Abdominal obesity 1.238 (1.087, 1.409)** 1.234 (0.973, 1.566)
Elevated blood  

pressure
1.244 (1.130, 1.369)*** 1.372 (1.168, 1.612)***

Elevated fasting 
glucose

1.172 (1.066, 1.289)*** 1.258 (1.066, 1.484)**

High triglycerides 1.035 (0.935, 1.146) 1.020 (0.837, 1.242)
Low high‐density  

lipoprotein  
cholesterol

1.048 (0.929, 1.183) 1.159 (0.980, 1.371)

HR, hazard ratio; CI, confidence interval. 
**p<0.01, ***p<0.001.
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risk are suspected to result from the different follow-up periods 
and different study populations. While the follow-up period of 
our study was relatively short, with a maximum of 8 years, the 
study of hematocrit and HF [33] was performed over 20 years, 
and the study of hemoglobin and HF had a median follow-up of 
6 years [32]. Additionally, while our study was performed in a 
healthy population without underlying cardiovascular disease, 
which is closely related to HF, the study of hemoglobin and HF 
[32] did not exclude participants with those underlying diseases.

The findings of this study, which indicated that MetS is a risk 
factor for HF in both males and females, have substantial implica-
tions since they indicate that preventing MetS can help avoid HF. 
The necessity of early management is further emphasized by the 
finding that both MetS and pre-MetS were risk factors for HF. 
Notably, despite HF being less common in females, females had a 
higher risk of developing HF via MetS than males did. This shows 
that even if females are more rarely affected by MetS than males 
are, attention should be paid to MetS in females.

Despite the positive aspects of the present study, there were some 
limitations that should be addressed. First, this study evaluated 
the subjects’ metabolic status based on data from 2009. Even if a 
subject who had been classified into the normal group on the ba-
sis of the data from 2009 developed MetS during the follow-up 
period, the subject was analyzed in the normal group. Although 
the number of subjects whose metabolic status changed may not 
have been substantial considering the total study population, this 
issue could nonetheless affect the accuracy of the results. Second, 
we were unable to distinguish between HFrEF and HFpEF due to 
the lack of ejection fraction information in the NHIS data. Since 
the clinical characteristics and pathophysiology of HFrEF and 
HFpEF are different, the impact of MetS may be different in these 
2 HF subtypes. Furthermore, our finding that the risk of MetS for 
HF varied by sex is likely explained by the different distribution of 
HFrEF and HFpEF between males and females. Third, we defined 
an HF event using newly occurring ICD‐10 codes for HF. The 
number of patients based on ICD-10 codes may be higher or lower 
than the actual number, because the NHIS database was not col-
lected for research purposes. Finally, our study excluded subjects 
with a history of malignancy or cardiocerebral vascular disease; 
thus, the association between MetS status and HF risk was ana-
lyzed in a relatively healthy population, which means that these 
results may not be generalizable to high‐risk populations.

In summary, this study evaluated the association between MetS 
and the risk of HF in middle-aged males and females using na-
tionwide real-world data. MetS was a risk factor for HF, and its ef-
fect on HF was stronger in females than in males. Pre-MetS was 
also a predictor of HF, but pre-MetS was associated with a lower 
risk than MetS.
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