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A B S T R A C T   

Background: In patients with established cardiovascular disease (CVD), the relation between metabolic syndrome 
(MetS) and incident heart failure (HF) in the absence of diabetes mellitus (DM) is largely unknown. This study 
assessed this relation in non-diabetic patients with established CVD. 
Methods: Patients from the prospective UCC-SMART cohort with established CVD, but without DM or HF at 
baseline were included (n = 4653). MetS was defined according to the Adult Treatment Panel III criteria. Insulin 
resistance was quantified using the homeostasis model of insulin resistance (HOMA-IR). The outcome was a first 
hospitalization for HF. Relations were assessed using Cox proportional hazards models adjusted for established 
risk factors: age, sex, prior myocardial infarction (MI), smoking, cholesterol, and kidney function. 
Results: During a median follow-up of 8.0 years, 290 cases of incident HF were observed (0.81/100 person years). 
MetS was significantly related to an increased risk of incident HF independent of established risk factors (hazard 
ratio [HR] 1.32; 95% confidence interval [CI] 1.04–1.68, HR per criterion 1.17; 95% CI 1.06–1.29), as was 
HOMA-IR (HR per standard deviation [SD] 1.15; 95% CI 1.03–1.29). Of the individual MetS components, only 
higher waist circumference independently increased the risk of HF (HR per SD 1.34; 95% CI 1.17–1.53). Re-
lations were independent of the occurrence of interim DM and MI, and were not significantly different for HF 
with reduced vs preserved ejection fraction. 
Conclusion: In CVD patients without a current diagnosis of DM, MetS and insulin resistance increase the risk of 
incident HF independent of established risk factors.   

1. Introduction 

Obesity is an increasing global health issue, with nearly a third of the 
world's population now classified as overweight or obese [1]. At the 
same time, there has been an emerging heart failure (HF) epidemic. The 
current worldwide prevalence of HF in the general adult population is 
estimated to be 1–2% [2]. The rising number of patients with HF is 
thought to be related to the growing burden of obesity-related diseases. 
Several factors have been identified as potential links between obesity 
and HF. Diabetes mellitus (DM) is an established and widely recognized 

risk factor of incident HF [3]. But in individuals without DM, other less 
commonly appreciated metabolic risk factors such as abdominal obesity, 
hypertension, lipid disturbances, and impaired glucose metabolism 
(clustered as part of the metabolic syndrome [MetS]) might also 
contribute to an elevated risk of HF [4]. 

MetS and insulin resistance increase the risk of incident HF in 
apparently healthy people and individuals with DM [5–13]. In non- 
diabetic patients with established cardiovascular disease (CVD), i.e. 
coronary artery disease (CAD), cerebrovascular disease (CeVD), pe-
ripheral artery disease (PAD), or abdominal aortic aneurysm (AAA), 
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metabolic risk factors have been shown to be strongly related to 
atherosclerotic CVD events, but their relation with incident HF is largely 
unknown [14,15]. This while the incidence of HF in these patients is 
considerably higher than in the general population, and interventions 
targeting (components of) the MetS may therefore be more (cost-) 
effective [16,17]. Establishing the relation between metabolic risk fac-
tors and incident HF in patients with established CVD may reveal po-
tential treatment targets to reduce the incidence of HF in this high-risk 
population. 

This study aimed to determine the relation between MetS (and its 
components), insulin resistance, and the risk of incident HF in CVD 
patients without a current diagnosis of DM. 

2. Methods 

2.1. Study population 

Patients were from the Utrecht Cardiovascular Cohort-Second Man-
ifestations of ARTerial disease (UCC-SMART) study, an ongoing pro-
spective cohort study of patients with established CVD at the University 
Medical Centre Utrecht, the Netherlands. A detailed description of the 
study protocol has been published elsewhere [18]. The Medical Ethics 
Committee approved the study, and all participants gave their written 
informed consent. For the current study, all patients with established 
CVD, i.e. CAD (prior myocardial infarction [MI], cardiac arrest, or cor-
onary revascularization), CeVD (prior transient ischemic attack, or 
ischemic or hemorrhagic stroke), PAD (symptomatic obstruction of 
distal arteries of the leg with ankle-brachial index ≤0.90, prior percu-
taneous transluminal angioplasty or bypass surgery of the leg, or 
amputation), and/or AAA (prior abdominal aortic surgery or an 
abdominal aortic anteroposterior diameter of ≥3cm), without a history 
of HF, and without DM at baseline (self-reported diagnosis, use of anti- 
diabetic medication, or fasting glucose ≥126 mg/dL at screening), who 
were enrolled in the cohort between July 2003 and January 2019 were 
included (n = 4653). Patients were enrolled in the cohort at least two 
months after the qualifying CVD event. 

2.2. Data collection 

Information on medical history, and physical examination and lab-
oratory measurements were obtained at baseline based on a standard-
ized screening protocol [18]. Waist circumference was measured 
halfway between the lower rib and the iliac crest. Hip circumference was 
measured at the largest circumference around the buttocks. Visceral and 
total abdominal fat were measured by ultrasonography. Systolic blood 
pressure (SBP) was measured twice in both arms, and the highest mean 
of the measurements in one arm was used. Total cholesterol, high- 
density lipoprotein cholesterol (HDL-c), triglycerides, creatinine, 
plasma glucose, and plasma insulin were measured in blood samples 
collected after an overnight fast. Non-HDL-c was calculated as total 
cholesterol minus HDL-c. Estimated glomerular filtration rate (eGFR) 
was calculated using the Chronic Kidney Disease Epidemiology Collab-
oration (CKD-EPI) equation. Smoking and medication use were self- 
reported. Missing data (<3.0% for all variables) were imputed by sin-
gle imputation using predictive mean matching. 

MetS was defined according to the Adult Treatment Panel (ATP) III 
criteria [19]. MetS was considered present in patients meeting at least 
three of the following criteria: waist circumference ≥40 in. (≥102 cm) in 
men and ≥35 in. (≥88 cm) in women, SBP ≥130 mmHg or DBP ≥85 
mmHg, triglycerides ≥150 mg/dL (≥1.7 mmol/L), HDL-c <40 mg/dL 
(<1.04 mmol/L) in men and <50 mg/dL (<1.29 mmol/L) in women, 
and fasting glucose ≥100 mg/dL (≥5.6 mmol/L). Patients with a history 
of hypertension who were currently on antihypertensive drug treatment 
were considered to meet the criterion for elevated blood pressure. 

Insulin resistance was quantified using the homeostasis model of 
insulin resistance (HOMA-IR): HOMA-IR = fasting glucose (mmol/L) ×
fasting insulin (mIU/L) / 22.5 [20]. HOMA-IR correlates well with more 
direct, but complicated and expensive measurements of insulin resis-
tance, i.e. the euglycemic clamp technique, and therefore provides a 
reliable and feasible method for estimating insulin resistance in large 
epidemiological studies [21]. In a sensitivity analysis, HOMA-IR was 
replaced by other measures of insulin resistance, i.e. the quantitative 
insulin sensitivity check index (QUICKI = 1/(log(insulin [mIU/L] ×
glucose [mg/dL]))), and the triglyceride-glucose index (TyG = ln(tri-
glycerides [mg/dL] × glucose [mg/dL] / 2)) [22]. 

2.3. Outcomes 

The outcome of interest was incident HF, which was defined as a first 
hospitalization for HF. Outcomes were retrieved through linkage of 
UCC-SMART data to the national hospitalization registry from Statistics 
Netherlands. This registry continuously collects causes of hospitaliza-
tion for all hospitalizations in the Netherlands. Cause of hospitalization 
is coded using the International Classification of Diseases (ICD), 9th 
(1995–2012) and 10th revision (2013-present). Hospitalization for HF 
was defined as any hospitalization with ICD-9 codes 428.0–428.4 or 
428.9, or ICD-10 codes I50.1-I50.4 or I50.9. Outcomes were divided in 
HF with reduced ejection fraction (HFrEF; i.e. left ventricular ejection 
fraction [LVEF] ≤50%) and preserved ejection fraction (HFpEF; i.e. 
LVEF >50%), using echocardiography reports retrieved from medical 
records. MI and DM were assessed as interim outcomes (i.e. outcomes 
occurring during follow-up but before an HF event). These outcomes 
were available in the UCC-SMART cohort, and were based on hospital 
and general practitioner's data, and adjudicated by three independent 
physicians. 

2.4. Data analyses 

Baseline characteristics were presented stratified by number of MetS 
criteria, and HOMA-IR quartiles. Kaplan-Meier curves for incident HF 
were plotted stratified by number of MetS criteria, HOMA-IR quartiles, 
and CVD location. 

Cox proportional hazards models were derived to assess the relation 
of MetS and HOMA-IR with incident HF. MetS was analyzed as a 
dichotomous variable (based on the ATP III definition), and in terms of 
the number of MetS criteria (both categorically and continuously). The 
relations of HOMA-IR and the individual MetS components with inci-
dent HF were analyzed continuously (per SD increase) and in quartiles. 
HOMA-IR was winsorized at the 1st and 99th percentile to limit the 
effect of outliers. The models were progressively adjusted for potential 
confounders. First, models were adjusted for age and sex. Then, models 
were additionally adjusted for established risk factors of HF, i.e. smok-
ing, non-HDL-c, and eGFR, including CVD locations, i.e. CAD with prior 
MI, CAD without prior MI, CeVD, PAD, and AAA. Finally, to assess 
whether the effect of one metabolic risk factor on the risk of incident HF 
was mediated by another, models were additionally adjusted for all 
metabolic risk factors. The analyses were also performed stratified for 
HFrEF and HFpEF. Whether there was a differential effect of metabolic 
risk factors on the risk of HFrEF vs HFpEF was formally tested using the 
Lunn-McNeil method [23]. The proportional hazards assumption, 
assessed using Schoenfeld residuals, was not violated. Visual inspection 
of restricted cubic splines revealed no violations of the linearity 
assumption, except for SBP. A series of sensitivity analyses evaluating 
the influence of antihypertensive therapy, history of hypertension, and 
blood pressure cut points was performed to further explore the relation 
between hypertension and incident HF. 

Influence of medication use was evaluated in an exploratory model 
adjusted for baseline use of statins, antiplatelet therapy, and 
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antihypertensive agents. Mediation through the occurrence of DM or MI 
during follow-up was assessed by adjusting the model for interim DM 
and MI as time-varying covariates. To assess the effects of metabolic risk 
factors in complete absence of DM (both at baseline and during follow- 
up), a sensitivity analysis was performed in which patients with interim 
DM were excluded. Reverse causality was assessed by repeating the 
analyses after excluding patients who had incident HF within the first 1, 
2, and 5 years of follow-up. Effect modification by age, sex, and CVD 
location was evaluated by testing interaction terms of these factors with 
metabolic risk factors, and by performing stratified analyses. In a 
sensitivity analysis, the relation of QUICKI and TyG with incident HF 
was assessed and compared to the main analysis with HOMA-IR. The 
effects of waist circumference were compared to other measures of 
obesity by replacing it by body-mass index (BMI), waist-to-hip ratio, 
visceral fat, and contribution of visceral fat to total abdominal fat. The 
combined effects of the presence of both metabolic and established risk 
factors were assessed by determining the effects of combinations of MetS 
with prior MI and/or current smoking, on the risk of incident HF. 

All analyses were conducted with R statistical software V.4.0.3 
(www.r-project.org). 

3. Results 

3.1. Baseline characteristics 

In the total study population, 1979 patients (42.5%) had MetS, and 
median HOMA-IR was 2.4 (interquartile range [IQR] 1.6–3.6). Baseline 
characteristics are presented stratified by number of MetS criteria in 
Table 1, and HOMA-IR quartiles in Table S1. Levels of HOMA-IR and 
other measures of insulin resistance, the individual MetS components, 
and BMI increased with an increasing number of MetS criteria, while 
age, sex, smoking status, and statin and antiplatelet use remained rela-
tively stable. Similar trends were observed across HOMA-IR quartiles. 

3.2. Incidence of HF 

During a median follow-up of 8.0 years (IQR 4.3–11.4) incident HF 
was observed in 290 patients (6.2%; event rate: 0.81 / 100 person 
years). This included 114 (39.3%) cases of HFrEF, 102 (35.2%) cases of 
HFpEF, and 74 (25.5%) cases with unknown LVEF. The crude incidence 
of HF was higher in patients with compared to without MetS (0.98 vs. 

Table 1 
Baseline characteristics stratified by number of metabolic syndrome criteria.  

Characteristic No metabolic syndrome, 
n = 2674 (57%) 

Metabolic syndrome, 
n = 1979 (43%) 

0–1 ATP III criteria, 
n = 1283 (28%) 

2 ATP III criteria, 
n = 1391 (30%) 

3 ATP III criteria, 
n = 1106 (24%) 

4–5 ATP III criteria, 
n = 873 (19%) 

Age (years) 58.2 ± 11.0 60.7 ± 10.2 61.1 ± 9.9 59.9 ± 9.7 
Sex (male) 885 (69%) 1033 (74%) 795 (72%) 634 (73%) 
Smoking status     

Former 580 (45%) 662 (48%) 532 (48%) 405 (46%) 
Current 354 (28%) 364 (26%) 310 (28%) 283 (32%) 

CVD locations     
Coronary artery disease 734 (57%) 883 (64%) 729 (66%) 596 (68%) 
Prior myocardial infarction 407 (32%) 438 (32%) 375 (34%) 334 (38%) 
Cerebrovascular disease 452 (35%) 421 (30%) 325 (29%) 222 (25%) 
Peripheral artery disease 152 (12%) 168 (12%) 141 (13%) 138 (16%) 
Abdominal aortic aneurysm 73 (6%) 78 (6%) 86 (8%) 80 (9%) 

History of hypertension 420 (33%) 761 (55%) 710 (64%) 637 (73%) 
Body-mass index (kg/m2) 24.4 ± 2.8 25.9 ± 3.2 28.1 ± 3.9 29.9 ± 4.0 
Metabolic syndrome     

Waist circumference (inch) 34.3 ± 3.9 36.2 ± 4.0 39.0 ± 4.3 41.3 ± 4.0 
Systolic blood pressure (mmHg) 130 ± 19 139 ± 20 139 ± 19 142 ± 19 
Diastolic blood pressure (mmHg) 78 ± 11 82 ± 11 82 ± 11 84 ± 11 
Triglycerides (mg/dL) 89 ± 35 106 ± 53 151 ± 97 204 ± 106 
HDL-cholesterol (mg/dL) 54 ± 15 50 ± 14 46 ± 12 39 ± 8 
Fasting glucose (mg/dL) 95 ± 7 105 ± 11 106 ± 12 112 ± 13 

Insulin resistance     
Fasting insulin (mU/L), median (IQR) 7.0 (5.0–9.7) 8.6 (6.0–12.0) 11.0 (8.0–16.0) 14.0 (10.0–20.0) 
HOMA-IR, median (IQR) 1.6 (1.1–2.3) 2.2 (1.6–3.0) 2.9 (2.0–4.2) 3.9 (2.7–5.8) 
HOMA-IR ≥2.0, n (%)a 414 (32%) 802 (58%) 832 (75%) 787 (90%) 
HOMA-IR ≥2.5, n (%)a 247 (19%) 530 (38%) 661 (60%) 697 (80%) 
QUICKI, median (IQR) 0.36 (0.34–0.38) 0.34 (0.32–0.36) 0.33 (0.31–0.34) 0.31 (0.30–0.33) 
TyG, median (IQR) 8.3 (8.1–8.6) 8.5 (8.3–8.8) 8.8 (8.5–9.1) 9.2 (9.0–9.5) 

Other laboratory values     
CRP (mg/L), median (IQR) 1.2 (0.6–2.8) 1.6 (0.8–3.2) 2.1 (1.1–4.2) 2.6 (1.3–5.3) 
LDL-cholesterol (mg/dL) 101 ± 35 102 ± 36 104 ± 39 106 ± 40 
Non-HDL-cholesterol (mg/dL) 116 ± 35 120 ± 39 131 ± 42 143 ± 44 
eGFR (mL/min/1.73m2) 81 ± 16 78 ± 17 78 ± 17 77 ± 18 

Medication use     
Statin 943 (74%) 1090 (78%) 881 (80%) 671 (77%) 
Antiplatelet therapy 1040 (81%) 1164 (84%) 920 (83%) 718 (82%) 
Antihypertensive agent 836 (65%) 1065 (77%) 913 (83%) 741 (85%) 

All data in n (%) or mean ± SD, unless otherwise specified. 
Abbreviations: ATP = Adult Treatment Panel, CRP = C-reactive protein, CVD = cardiovascular disease, eGFR = estimated glomerular filtration rate, HDL = high- 
density lipoprotein, HOMA-IR = homeostasis model of insulin resistance, IQR = interquartile range, LDL = low-density lipoprotein, MetS = metabolic syndrome, 
QUICKI = quantitative insulin sensitivity check index, SD = standard deviation, TyG = triglyceride-glucose index. 

a Commonly used thresholds for insulin resistance. 
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0.69 / 100 person years), and increased with an increasing number of 
MetS criteria (Fig. 1A). A similar trend was observed across HOMA-IR 
quartiles, but the incidence in the second and third quartiles was 
almost equal (Fig. 1B). HF incidence was lowest in patients with CeVD, 
followed by patients with CAD without prior MI (Fig. 1C). The incidence 
in patients with PAD and AAA was comparable to patients with a prior 
MI. 

3.3. Relation of MetS and HOMA-IR with incident HF 

MetS was significantly related to an increased risk of incident HF, 
independent of established risk factors (hazard ratio [HR] 1.32; 95% 
confidence interval [CI] 1.04–1.68) (Table 2). There was a significant 
continuous relation between the number of MetS criteria and incident 
HF (HR per 1 criterion 1.17; 95% CI 1.06–1.29), with an especially high 
relative risk for patients with 4–5 criteria (HR vs. 0–1 criteria 1.69; 95% 
CI 1.18–2.41). Higher HOMA-IR was also significantly related to an 
increased risk of incident HF independent of established risk factors (HR 
per SD [= 1.91] increase 1.15; 95% CI 1.03–1.29). Especially values 
within the highest quartile of HOMA-IR (>3.6) were associated with a 
high relative risk (HR vs. lowest quartile 1.55; 95% CI 1.11–2.17). 
Additional adjustment for medication use hardly changed the results 
(Table S2). 

The relation between MetS and incident HF was attenuated and no 
longer statistically significant after additional adjustment for HOMA-IR, 
indicating that the effect of MetS on the risk of HF is partially mediated 
by increases in insulin resistance (Table 2). However, the relation of the 
number of MetS criteria and the presence of 4–5 criteria with incident 
HF remained significant, implying that metabolic disturbances also 
contribute to an elevated risk of HF through other pathways than insulin 
resistance. The relation between HOMA-IR and incident HF was almost 
completely attenuated by adjustment for waist circumference, SBP, tri-
glycerides, and HDL-c, indicating that the effect of insulin resistance on 
HF risk is largely mediated by changes in these components of the MetS. 

3.4. Individual components of the MetS 

The ATP III criteria for high waist circumference, high triglycerides, 
and low HDL-c were significantly related to an increased risk of incident 
HF when adjusted for age and sex (Table 3). These components and 
fasting glucose also had a significant continuous relation with HF 
adjusted for age and sex. Only waist circumference remained signifi-
cantly related to incident HF after adjustment for established risk factors 
(HR per SD [= 4.7 in./12.0 cm] increase 1.34; 95% CI 1.17–1.53). 
Especially a waist circumference in the highest quartile (>40.9 in. 
[>104 cm] for men, and > 37.4 in. [>95 cm] for women) was related to 
an increased risk (HR vs. lowest quartile 2.10; 95% CI 1.49–2.97). After 
adjustment for the other MetS components and HOMA-IR, the relation 
between waist circumference and incident HF was only marginally 
attenuated, suggesting that waist circumference increases the risk of HF 
independent of other metabolic risk factors. The full model containing 
all established and metabolic risk factors is presented in Table S3. 

Blood pressure was not related to incident HF based on the ATP III 
criterion, nor when the relation between SBP and HF was assessed lin-
early (Table 3). However, restricted cubic splines revealed a non-linear 

(caption on next column) 

Fig. 1. Unadjusted HF-free survival stratified by the number of MetS criteria 
(A), HOMA-IR quartiles (B), and CVD location (C). 
Quartiles of HOMA-IR, median (range): Quartile 1, 1.18 (0.39–1.58); Quartile 
2, 1.96 (1.59–2.36); Quartile 3, 2.88 (2.37–3.64); Quartile 4, 4.95 
(3.65–30.80). 
Abbreviations: AAA = abdominal aortic aneurysm, CAD = coronary artery 
disease, CeVD = cerebrovascular disease, CVD = cardiovascular disease, HF =
heart failure, HOMA-IR = homeostasis model of insulin resistance, MetS =
metabolic syndrome, MI = myocardial infarction, PAD = peripheral ar-
tery disease. 
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relation between SBP and incident HF, with both low (<130 mmHg) and 
high (>160 mmHg) levels of SBP related to an increased risk of HF 
(Fig. S1A). A similar shape was observed for other measures of blood 
pressure (Fig. S1B–D). Alternative indicators of hypertension were 
related to an increased risk of incident HF, i.e. history of hypertension 
(HR 1.33; 95% CI 1.04–1.70), and number of antihypertensive drugs 
used at baseline (HR per one drug 1.26; 95% CI 1.12–1.42), as was SBP 
dichotomized at a threshold of 160 mmHg (HR 1.33; 95% CI 1.00–1.77) 
(Table S4). There was a trend towards an increased risk of HF with 
higher levels of SBP and DBP in patients without antihypertensive 
therapy at baseline, and patients with SBP ≥120 mmHg, while opposite 
trends were observed in patients with antihypertensive therapy or SBP 
<120 mmHg (Table S5). 

3.5. Relation between metabolic risk factors and HF subtypes 

There was a trend towards a relation between MetS, higher HOMA- 
IR, and an increased risk of both HFrEF and HFpEF (Table 4; individ-
ual MetS components in Table S6). Every additional MetS criterion 
significantly increased the risk of HFrEF (HR 1.16; 95% CI 1.00–1.35), 
and HFpEF (HR 1.18; 95% CI 1.00–1.39). Overall, effect sizes were 
greater for HFpEF as compared to HFrEF (except for triglycerides and 
HDL-c), but differences were not significant (Lunn-McNeil tests: p >
0.05). Similar results were obtained for unclassified HF cases. 

3.6. Influence of interim MI and DM 

Interim MI and DM were observed in 237 patients (event rate: 0.67 / 
100 person years) and 316 patients (event rate: 0.92 / 100 person years) 
respectively, of whom 31 (13.1%) and 23 (7.3%) patients went on to 
have incident HF later during follow-up. Adjusted for established risk 
factors, MetS and HOMA-IR were not significantly related to interim MI, 
but very strongly related to interim DM (Table S7). Interim MI signifi-
cantly increased the risk of subsequent incident HF (HR 2.55; 95% CI 

1.74–3.74), while interim DM did not (Table S8). Adjustment for interim 
MI and DM hardly altered the relation of MetS and HOMA-IR with 
incident HF (Table S9). Results also remained largely unchanged after 
excluding patients with interim DM (Table S10). 

3.7. Other measures of insulin resistance and obesity 

Replacing HOMA-IR by QUICKI and TyG yielded largely comparable 
results, although the relation between these other measures of insulin 
resistance and incident HF was no longer significant after adjustment for 
established risk factors (Table S11). Waist-to-hip ratio, visceral fat, and 
contribution of visceral to total abdominal fat all had similar relations 
with incident HF as waist circumference (Table S12). Waist circumfer-
ence and the other measures of abdominal obesity were more strongly 
related to incident HF than BMI. 

3.8. Reverse causality and effect modification 

Repeating the analyses after excluding patients who had incident HF 
within the first 1, 2, and 5 years of follow-up yielded largely consistent 
results (Table S13). The relation between HOMA-IR and incident HF was 
slightly attenuated by excluding patients with an event in the first year. 
The relation between metabolic risk factors and incident HF was not 
significantly modified by age, sex, or CVD location (Table S14). There 
was a non-significant trend towards a stronger effect of MetS and 
HOMA-IR in women as compared to men. 

3.9. Combined effects of metabolic and established risk factors 

MetS increased the risk of incident HF on top of established risk 
factors, i.e. prior MI and current smoking (Fig. 2). The combined pres-
ence of all three risk factors was associated with the highest relative risk 
of incident HF (compared to none of the three risk factors: HR 5.42; 95% 
CI 3.35–8.78), exceeding relative risks associated with prior MI alone 

Table 2 
Relation of metabolic syndrome and HOMA-IR with incident HF.   

Events/ 
Patients 

Event rate 
(events/100 PY) 

Unadjusted, HR 
(95% CI) 

Adjusted for age and 
sex, HR (95% CI) 

Adjusted for established risk 
factorsa, HR (95% CI) 

Adjusted for metabolic risk 
factorsb, HR (95% CI) 

Metabolic syndrome       
ATP III definition 290/4653 0.81 1.46 (1.16–1.83) 1.39 (1.11–1.75) 1.32 (1.04–1.68) 1.21 (0.93–1.57) 
No. of criteria       

Continuous (per 1 
criterion) 

290/4653 0.81 1.22 (1.11–1.33) 1.20 (1.09–1.32) 1.17 (1.06–1.29) 1.13 (1.01–1.27) 

Continuous (per SD =
1.25 criteria) 

290/4653 0.81 1.28 (1.14–1.43) 1.26 (1.12–1.42) 1.21 (1.07–1.37) 1.17 (1.02–1.34) 

0–1 60/1283 0.58 Ref Ref Ref Ref 
2 85/1391 0.79 1.40 (1.00–1.94) 1.19 (0.85–1.69) 1.14 (0.82–1.59) 1.10 (0.78–1.54) 
3 74/1106 0.88 1.57 (1.12–2.21) 1.30 (0.92–1.83) 1.25 (0.88–1.77) 1.16 (0.80–1.67) 
4–5 71/873 1.10 1.97 (1.40–2.78) 1.89 (1.34–2.66) 1.69 (1.18–2.41) 1.51 (1.02–2.26) 

Insulin resistance       
HOMA-IR       

Continuous (per 1 unit) 290/4653 0.81 1.10 (1.04–1.16) 1.10 (1.04–1.16) 1.08 (1.02–1.14) 1.02 (0.96–1.10) 
Continuous (per SD =
1.91 units) 

290/4653 0.81 1.19 (1.07–1.33) 1.20 (1.07–1.33) 1.15 (1.03–1.29) 1.05 (0.92–1.19) 

Quartile 1 60/1175 0.61 Ref Ref Ref Ref 
Quartile 2 75/1153 0.83 1.34 (0.96–1.88) 1.27 (0.91–1.79) 1.29 (0.92–1.81) 1.15 (0.81–1.63) 
Quartile 3 68/1174 0.76 1.21 (0.85–1.71) 1.20 (0.85–1.69) 1.09 (0.77–1.56) 0.91 (0.63–1.32) 
Quartile 4 87/1151 1.07 1.80 (1.29–2.50) 1.68 (1.21–2.34) 1.55 (1.11–2.17) 1.15 (0.78–1.69) 

Hazard ratios (95% CI) for the relation of metabolic syndrome and HOMA-IR with incident HF. 
Quartiles of HOMA-IR, median (range): Quartile 1, 1.18 (0.39–1.58); Quartile 2, 1.96 (1.59–2.36); Quartile 3, 2.88 (2.37–3.64); Quartile 4, 4.95 (3.65–30.80). 
Abbreviations: AAA = abdominal aortic aneurysm, ATP = Adult Treatment Panel, CAD = coronary artery disease, CeVD = cerebrovascular disease, CI = confidence 
interval, eGFR = estimated glomerular filtration rate, HDL-c = high-density lipoprotein cholesterol, HF = heart failure, HOMA-IR = homeostasis model of insulin 
resistance, HR = hazard ratio, MI = myocardial infarction, No. = number, PAD = peripheral artery disease, PY = person years, Ref = reference, SD = standard 
deviation. 

a Adjusted for age, sex, smoking, non-HDL-c, eGFR, CAD with prior MI, CAD without prior MI, CeVD, PAD, and AAA. 
b Adjusted for age, sex, smoking, non-HDL-c, eGFR, CAD with prior MI, CAD without prior MI, CeVD, PAD, and AAA, plus HOMA-IR (only in the analyses with 

metabolic syndrome and its criteria), or waist circumference, systolic blood pressure, triglycerides, and HDL-c (only in the analyses with HOMA-IR). The analyses with 
HOMA-IR were not adjusted for fasting glucose, as fasting glucose is in the HOMA-IR formula. 
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(HR 1.84; 95% CI 1.24–2.73), current smoking alone (HR 1.31; 95% CI 
0.77–2.22), and the combination of prior MI and current smoking (HR 
3.10; 95% CI 1.82–5.28). 

4. Discussion 

In this study of 4653 CVD patients without a current diagnosis of DM, 
MetS and insulin resistance (measured by HOMA-IR) were related to an 
increased risk of incident HF independent of established risk factors. 
Effects mostly appeared to be greater for HFpEF as compared to HFrEF, 

but differences were not significant. The relation between insulin 
resistance and incident HF was largely mediated through changes in the 
MetS components, while the degree of metabolic disturbances in the 
context of the MetS also increased the risk of HF independent of insulin 
resistance. Of the individual components, abdominal obesity appeared 
to be the major driver of HF risk. 

Several mechanisms may explain the relation between MetS, insulin 
resistance, and incident HF. First of all, in the setting of insulin resis-
tance, the myocardium uses more free fatty acids instead of glucose, 
which increases vulnerability to pressure overload and ischemia [24]. 

Table 3 
Relation between individual components of the metabolic syndrome and incident HF.   

Events/ 
Patients 

Event rate 
(events/100 PY) 

Unadjusted, HR 
(95% CI) 

Adjusted for age and 
sex, HR (95% CI) 

Adjusted for established risk 
factorsa, HR (95% CI) 

Adjusted for metabolic risk 
factorsb, HR (95% CI) 

Waist circumference       
ATP III criterion, ≥40/ 
≥35 in. (M/F) 

290/4653 0.81 1.68 (1.34–2.12) 1.70 (1.35–2.15) 1.60 (1.27–2.03) 1.52 (1.18–1.95) 

Continuous (per SD = 4.7 
in.) 

290/4653 0.81 1.41 (1.26–1.58) 1.38 (1.21–1.57) 1.34 (1.17–1.53) 1.31 (1.13–1.52) 

Quartile 1 50/1189 0.53 Ref Ref Ref Ref 
Quartile 2 73/1248 0.73 1.35 (0.94–1.93) 1.19 (0.83–1.71) 1.16 (0.81–1.66) 1.14 (0.79–1.64) 
Quartile 3 69/1145 0.78 1.46 (1.02–2.11) 1.30 (0.90–1.87) 1.22 (0.85–1.76) 1.18 (0.80–1.72) 
Quartile 4 98/1071 1.26 2.45 (1.74–3.44) 2.27 (1.61–3.19) 2.10 (1.49–2.97) 1.98 (1.36–2.88) 

Blood pressure       
ATP III criterion, ≥130/ 
≥85 mmHg 

290/4653 0.81 1.18 (0.88–1.60) 0.88 (0.65–1.19) 0.94 (0.69–1.27) 0.85 (0.62–1.16) 

Continuous, SBP (per SD 
= 20 mmHg) 

290/4653 0.81 1.15 (1.03–1.28) 0.96 (0.85–1.07) 0.96 (0.86–1.08) 0.95 (0.84–1.06) 

Quartile 1 71/1198 0.82 Ref Ref Ref Ref 
Quartile 2 53/1153 0.62 0.75 (0.53–1.07) 0.67 (0.47–0.96) 0.70 (0.49–1.00) 0.68 (0.48–0.97) 
Quartile 3 78/1181 0.83 0.94 (0.68–1.29) 0.72 (0.52–1.00) 0.76 (0.55–1.06) 0.72 (0.51–0.99) 
Quartile 4 88/1121 0.93 1.04 (0.76–1.43) 0.62 (0.45–0.85) 0.65 (0.47–0.90) 0.62 (0.45–0.87) 

Triglycerides       
ATP III criterion, ≥150 
mg/dL 

290/4653 0.81 1.12 (0.87–1.44) 1.33 (1.04–1.72) 1.21 (0.91–1.61) 1.08 (0.80–1.46) 

Continuous (per SD = 87 
mg/dL) 

290/4653 0.81 1.03 (0.92–1.14) 1.11 (1.00–1.22) 1.06 (0.94–1.20) 1.00 (0.87–1.16) 

Quartile 1 69/1232 0.73 Ref Ref Ref Ref 
Quartile 2 75/1134 0.86 1.11 (0.80–1.54) 1.11 (0.80–1.54) 1.01 (0.73–1.41) 0.95 (0.68–1.33) 
Quartile 3 66/1124 0.75 0.93 (0.67–1.31) 1.01 (0.72–1.42) 0.90 (0.63–1.28) 0.78 (0.54–1.12) 
Quartile 4 80/1163 0.88 1.09 (0.79–1.51) 1.36 (0.98–1.89) 1.15 (0.79–1.66) 0.93 (0.62–1.40) 

HDL-cholesterol       
ATP III criterion, <40/ 
<50 mg/dL (M/F) 

290/4653 0.81 1.20 (0.95–1.53) 1.39 (1.09–1.77) 1.26 (0.99–1.61) 1.14 (0.88–1.47) 

Continuous (per SD = 14 
mg/dL) 

290/4653 0.81 0.88 (0.78–0.99) 0.85 (0.74–0.97) 0.91 (0.80–1.04) 0.98 (0.85–1.13) 

Quartile 1 84/1198 0.90 Ref Ref Ref Ref 
Quartile 2 64/1174 0.72 0.81 (0.58–1.11) 0.75 (0.54–1.04) 0.81 (0.58–1.12) 0.88 (0.63–1.22) 
Quartile 3 64/1128 0.74 0.80 (0.58–1.11) 0.70 (0.50–0.97) 0.78 (0.56–1.09) 0.86 (0.61–1.20) 
Quartile 4 78/1150 0.85 0.91 (0.67–1.24) 0.72 (0.53–0.98) 0.85 (0.62–1.17) 1.03 (0.73–1.44) 

Fasting glucose       
ATP III criterion, ≥100 
mg/dL 

290/4653 0.81 1.48 (1.17–1.88) 1.15 (0.90–1.47) 1.12 (0.88–1.43) 1.02 (0.80–1.31) 

Continuous (per SD = 12 
mg/dL) 

290/4653 0.81 1.26 (1.14–1.39) 1.12 (1.01–1.25) 1.10 (0.98–1.22) 1.04 (0.93–1.17) 

Quartile 1 69/1226 0.66 Ref Ref Ref Ref 
Quartile 2 69/1337 0.66 1.06 (0.76–1.48) 0.88 (0.63–1.23) 0.89 (0.64–1.25) 0.84 (0.60–1.17) 
Quartile 3 66/1041 0.85 1.41 (1.01–1.98) 1.05 (0.74–1.47) 0.99 (0.71–1.39) 0.90 (0.64–1.27) 
Quartile 4 86/1049 1.16 1.97 (1.44–2.71) 1.37 (0.99–1.89) 1.29 (0.93–1.78) 1.10 (0.79–1.54) 

Hazard ratios (95% CI) for the relation of the individual components of the metabolic syndrome with incident HF. Waist circumference and HDL-c quartiles are sex- 
specific (e.g. the highest waist circumference quartile includes the 25% of men with the highest waist circumference and the 25% of women with the highest waist 
circumference). 
Quartiles, median (range): Waist circumference (M/F, inch): Quartile 1, 34 (25–35) / 29 (23− 31); Quartile 2, 37 (36–38) / 33 (32–34); Quartile 3, 40 (39–41) / 36 
(35–37); Quartile 4, 43 (42–63) / 40 (38–55); SBP (mmHg): Quartile 1, 116 (85–123); Quartile 2, 130 (124–134); Quartile 3, 140 (135–148); Quartile 4, 160 
(149–227); Triglycerides (mg/dL): Quartile 1, 69 (18–80); Quartile 2, 97 (81–106); Quartile 3, 126 (107–157); Quartile 4, 204 (158–1311); HDL-c (M/F, mg/dL): 
Quartile 1, 34 (6–38) / 41 (19–47); Quartile 2, 41 (39–44) / 51 (48–55); Quartile 3, 48 (45–52) / 60 (56–66); Quartile 4, 60 (53–135) / 75 (67–152); Fasting glucose 
(mg/dL): Quartile 1, 92 (54–95); Quartile 2, 100 (96–103); Quartile 3, 107 (104–110); Quartile 4, 117 (111–125). 
Abbreviations: AAA = abdominal aortic aneurysm, ATP = Adult Treatment Panel, CAD = coronary artery disease, CeVD = cerebrovascular disease, CI = confidence 
interval, eGFR = estimated glomerular filtration rate, F = female, HDL-c = high-density lipoprotein cholesterol, HF = heart failure, HOMA-IR = homeostasis model of 
insulin resistance, HR = hazard ratio, M = male, MI = myocardial infarction, PY = person years, Ref = reference, SD = standard deviation. 

a Adjusted for age, sex, smoking, non-HDL-c, eGFR, CAD with prior MI, CAD without prior MI, CeVD, PAD, and AAA. 
b Adjusted for age, sex, smoking, non-HDL-c, eGFR, CAD with prior MI, CAD without prior MI, CeVD, PAD, and AAA, plus all other components of the metabolic 

syndrome and HOMA-IR. The analyses with fasting glucose were not adjusted for HOMA-IR, as the HOMA-IR formula includes fasting glucose. 
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Second, insulin may act as a growth factor, leading to increased 
myocardial mass and reduced cardiac output [25]. Dysfunctional adi-
pose tissue causes sodium retention, activation of the sympathetic ner-
vous system, and an increased response to angiotensin II, which 
contribute to volume expansion, increased peripheral vascular resis-
tance, and myocardial hypertrophy and fibrosis [26,27]. Independent of 
insulin resistance, MetS may lead to incident HF through hypertension 
[5]. However, in the current study there was no significant continuous 
relation between SBP and incident HF. This is likely explained by the 
study population consisting of patients with established CVD, in whom 
the relation between SBP and HF appears to be non-linear, with both low 
and high levels of SBP related to an increased risk. A low SBP may be 
related to a higher risk of HF because it can be an early sign of systolic 
dysfunction leading up to HF, which may be common in a population in 

which 63% of patients had a history of CAD. Also, 54% had a history of 
hypertension, and 76% used at least one antihypertensive drug. There-
fore, a low SBP may also be indicative of the use of (multiple) antihy-
pertensive drugs, which may reflect a history of (severe) hypertension 
and/or a high presumed risk of CVD events. As shown in this study, a 
history of hypertension and a larger number of antihypertensive drugs at 
baseline were both related to an increased risk of HF. Moreover, anti-
hypertensive therapy and patients' adherence to this therapy may 
change during follow-up, potentially diluting the relation between 
baseline SBP and outcomes. Finally, blood pressure was based on office 
measurements, which may not represent the average blood pressure 
during the day. Another explanation of how MetS may lead to incident 
HF independent of insulin resistance, is through its association with 
inflammation. It has been shown that inflammatory markers such as 

Table 4 
Relation of metabolic syndrome and HOMA-IR with HF subtypes.   

HFrEF 
(n = 114 [39.3%]) 

HFpEF 
(n = 102 [35.2%]) 

HF unclassifieda 

(n = 74 [25.5%]) 

Adjusted for 
established risk 
factorsb, HR (95% CI) 

Adjusted for 
metabolic risk 
factorsc, HR (95% CI) 

Adjusted for 
established risk 
factorsb, HR (95% CI) 

Adjusted for 
metabolic risk 
factorsc, HR (95% CI) 

Adjusted for 
established risk 
factorsb, HR (95% CI) 

Adjusted for 
metabolic risk 
factorsc, HR (95% CI) 

Metabolic 
syndrome       

ATP III definition 1.28 (0.87–1.89)d 1.19 (0.78–1.82) 1.35 (0.90–2.03)d 1.24 (0.79–1.95) 1.33 (0.82–2.15) 1.21 (0.71–2.05) 
No. of criteria       

Continuous (per 1 
criterion) 

1.16 (1.00–1.35)d 1.12 (0.94–1.33) 1.18 (1.00–1.39)d 1.14 (0.93–1.39) 1.17 (0.96–1.43) 1.14 (0.91–1.42) 

Continuous (per 
SD = 1.25 criteria) 

1.20 (1.00–1.46) 1.15 (0.93–1.43) 1.23 (1.00–1.51) 1.18 (0.91–1.51) 1.22 (0.95–1.56) 1.18 (0.89–1.55) 

Insulin resistance       
HOMA-IR       

Continuous (per 1 
unit) 

1.06 (0.97–1.16) 1.01 (0.90–1.13) 1.10 (1.00–1.21) 1.04 (0.93–1.17) 1.09 (0.96–1.23) 1.02 (0.88–1.19) 

Continuous (per 
SD = 1.91 units) 

1.12 (0.94–1.33)d 1.02 (0.82–1.26) 1.20 (1.00–1.44)d 1.08 (0.87–1.35) 1.18 (0.92–1.48) 1.04 (0.78–1.39) 

Hazard ratios (95% CI) for the relation of metabolic syndrome and HOMA-IR with HF subtypes. 
Abbreviations: AAA = abdominal aortic aneurysm, ATP = Adult Treatment Panel, CAD = coronary artery disease, CeVD = cerebrovascular disease, CI = confidence 
interval, eGFR = estimated glomerular filtration rate, HDL-c = high-density lipoprotein cholesterol, HF = heart failure, HFrEF = heart failure with reduced ejection 
fraction, HFpEF = heart failure with preserved ejection fraction, HOMA-IR = homeostasis model of insulin resistance, HR = hazard ratio, MI = myocardial infarction, 
No. = number, PAD = peripheral artery disease, PY = person years, Ref = reference, SD = standard deviation. 

a Cases for which LVEF was unknown. 
b Adjusted for age, sex, smoking, non-HDL-c, eGFR, CAD with prior MI, CAD without prior MI, CeVD, PAD, and AAA. 
c Adjusted for age, sex, smoking, non-HDL-c, eGFR, CAD with prior MI, CAD without prior MI, CeVD, PAD, and AAA, plus HOMA-IR (only in the analyses with 

metabolic syndrome and its criteria), or waist circumference, systolic blood pressure, triglycerides, and HDL-c (only in the analyses with HOMA-IR). The analyses with 
HOMA-IR were not adjusted for fasting glucose, as fasting glucose is in the HOMA-IR formula. 

d Hazard ratios compared for HFrEF vs HFpEF using the Lunn-McNeil method. This showed no significant differences (p > 0.05). 

Fig. 2. Hazard ratios (95% CI) for the combined effects of MetS, MI, and current smoking on the risk of incident HF. Hazard ratios are adjusted for age, sex, non-HDL- 
c, eGFR, CAD without MI, CeVD, PAD, and AAA. The reference group includes non-smoking patients without MetS and without a prior MI. When a risk factor is not 
included in the description of the subgroup, it means the risk factor is absent (e.g. ‘MetS + smoking’ indicates current smokers with MetS, but without a prior MI). 
Abbreviations: AAA = abdominal aortic aneurysm, CAD = coronary artery disease, CeVD = cerebrovascular disease, CI = confidence interval, HF = heart failure, 
MetS = metabolic syndrome, MI = myocardial infarction, PAD = peripheral artery disease, PY = person years. 
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CRP, IL-6, and TNF-α are associated with progressive systolic dysfunc-
tion and cardiac remodelling [28]. Finally, MetS and insulin resistance 
may lead to MI or DM, which then increase the risk of subsequent HF. 
But as shown in this study, metabolic risk factors are related to incident 
HF independent of interim MI and DM. 

The results of this study extend prior work in people without a his-
tory of CVD. In line with the current study, previous population-based 
studies in America and Europe have shown that MetS is related to an 
increased risk of incident HF independent of established risk factors, 
with hazard ratios ranging from 1.32 to 1.74 [10–12]. As in the current 
study, abdominal obesity was strongly related to HF [5,7,10,11,13]. But 
in contrast with the current findings in patients with CVD, hypertension, 
low HDL-cholesterol, and high triglycerides were also identified as in-
dependent risk factors in some studies [7,10–13]. This difference might 
be explained by the fact that most patients with established CVD are 
treated with blood pressure- and lipid-lowering medication, potentially 
distorting the relation between these modifiable risk factors and inci-
dent HF. Previous studies have also demonstrated that insulin resistance 
is independently related to incident HF in people without a history of 
CVD [6–8,13]. But differences in the measures used to quantify insulin 
resistance complicate a direct comparison. One previous study assessed 
the relation between metabolic risk factors and the risk of HFrEF vs 
HFpEF [13]. In line with the current study, HOMA-IR and waist 
circumference were more strongly related to HFpEF, and lipids to 
HFrEF, although differences were larger and significant for HOMA-IR in 
the previous study. To our knowledge, no previous studies assessed the 
relation between metabolic risk factors and incident HF in patients with 
established CVD. 

When evaluating metabolic risk factors and the risk of incident HF, a 
distinction between individuals with and without a history of CVD might 
be important for several reasons. First of all, many previous studies have 
demonstrated an obesity paradox in patients with established CVD, with 
the overweight having a better prognosis than their leaner counterparts 
[29]. This has casted doubts over the potential benefits of weight loss in 
this population. Second, the prevalence of MetS is considerably higher in 
patients with established CVD (42.5% in our cohort) as compared to the 
general population (7.0–26.9% in Western countries based on the ATP 
III definition) [30]. The median HOMA-IR of 2.4 in our cohort, indicates 
that almost half/more than half of all patients with established CVD 
meet commonly used thresholds for insulin resistance (HOMA-IR ≥2.0/ 
≥2.5) [6,20]. At the same time, the incidence of HF is also considerably 
higher in patients with established CVD, with an event rate of 0.81 per 
100 person years in our cohort as compared to approximately 0.12 per 
100 person years in a Dutch population-based cohort [31]. As shown in 
this study, not only patients with a prior MI or other manifestations of 
CAD, but also patients with non-coronary vascular disease are at high 
risk of HF. The prognosis associated with HF is poor with 5-year mor-
tality rates exceeding 50%, and it imposes a huge economic burden 
estimated at a global expenditure of over $100 billion per year [32]. 
Besides HF, previous studies have shown that MetS and insulin resis-
tance also increase the risk of other major adverse cardiovascular events 
in patients with established CVD [14,15]. This illustrates the scale and 
importance of both metabolic disturbances and the risk of HF in patients 
with a history of CVD, and highlights the need for interventions tar-
geting these metabolic risk factors to reduce HF risk, especially in these 
high-risk patients. 

In contrast with the obesity paradox observed in previous studies in 
patients with established CVD, abdominal obesity was the major driver 
of HF risk in the current study. Waist circumference was strongly related 
to incident HF independent of established and other metabolic risk 
factors. This suggests that weight loss might be an effective way to lower 
the risk of HF in these patients. Weight loss naturally reduces abdominal 
obesity, and also has positive effects on the other components of the 
MetS and insulin resistance. A meta-analysis of four cohort studies of 
patients with CAD has shown that intentional weight loss through life-
style interventions reduced the risk of major adverse cardiovascular 

events by 33% [33]. Previous studies have also demonstrated that 
weight loss decreases left ventricular mass and lowers arterial and car-
diac filling pressures, and may therefore reduce the risk of incident HF as 
well [34]. Randomized clinical trials assessing the effects of weight loss 
interventions (e.g. dietary interventions or exercise programs) on the 
risk of incident HF (and other CVD events) in patients with established 
CVD may be warranted. In addition, we propose that incident HF should 
be among the outcomes routinely presented in all future trials in this 
population, in an attempt to identify new therapies that can reduce the 
high risk of HF in these patients. Based on current knowledge, intensi-
fication of preventive therapy in CVD patients with MetS and/or insulin 
resistance may already be considered. 

Strengths of this study are the practice-based cohort with prospective 
design, long follow-up, and low proportions of missing data. Study 
limitations should be considered. This is an observational study, thus 
subject to possible residual confounding. Insulin resistance was quan-
tified by HOMA-IR instead of the euglycemic clamp technique, usually 
considered as the gold standard. However, HOMA-IR correlates well 
with clamp-measured insulin resistance and is more suitable for large 
epidemiological studies [21]. Echocardiography was not part of the 
baseline screening, so data on LVEF and other parameters of systolic and 
diastolic function at study entry were not available. Therefore, the in-
fluence of baseline cardiac function on the study results could not be 
assessed. HF outcomes were based on ICD codes. Registration of ICD 
codes by clinicians in routine clinical care might be imperfect, but a 
previous study in another Dutch cohort found that only 3.3% of patients 
with a presumed HF hospitalization based on ICD codes were mis-
classified [35]. Also, 74% of HF cases in this study could be confirmed 
and classified as either HFrEF or HFpEF based on echocardiography 
reports retrieved from medical records. For 26% of cases, information on 
LVEF was not available, so these remained unclassified. As outcomes 
were based on hospitalizations only, out-patient diagnoses of HF were 
missed. Specifically, the number of HFpEF cases may be underestimated, 
as HFpEF less frequently leads to hospitalization. 

In conclusion, this study showed that in CVD patients without a 
current diagnosis of DM, MetS and insulin resistance are independent 
risk factors of incident HF. Abdominal obesity was identified as a major 
driver of HF risk, supporting the importance of weight loss in this 
population. 
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