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Summary 25 

 26 

Background 27 

A number of circulating biomarkers are currently utilised for diagnosis of chronic heart failure 28 

with preserved ejection fraction (HFpEF). However, due to HFpEF heterogeneity, the accuracy 29 

of these biomarkers remains unclear. 30 

 31 

Aims 32 

This study aimed to systematically determine the diagnostic accuracy of currently available 33 

biomarkers for chronic HFpEF. 34 

 35 

Methods 36 

PubMed, Web of Science, MEDLINE and SCOPUS databases were searched systematically to 37 

identify studies assessing the diagnostic potentials of biomarkers of chronic HFpEF with left 38 

ventricular ejection fraction (LVEF) ≥50%. All included studies were independently assessed 39 

for quality and relevant information extracted. Random-effects models were used to estimate 40 

pooled diagnostic accuracy of the biomarkers of HFpEF. 41 

 42 

Results 43 

The search identified 6,145 studies with 19 studies included. Four biomarkers were available 44 

for meta-analyses. The pooled sensitivity of BNP (0.787, 95% CI =0.719, 0.842) was higher 45 

than that of NT-proBNP (0.696, 95% CI =0.599, 0.779) in chronic HFpEF diagnosis. However, 46 

compared to BNP (0.796, 95% CI =0.672, 0.882), NT-proBNP showed improved specificity 47 

(0.882, 95% CI =0.778, 0.941). Gal-3 exhibited a reliable diagnostic adequacy for HFpEF 48 



(sensitivity: 0.760, 95% CI =0.631, 0.855; specificity: 0.803, 95% CI =0.667, 0.893). However, 49 

ST2 displayed limited diagnostic performance for chronic HFpEF diagnosis (sensitivity: 0.636, 50 

95% CI =0.465, 0.779; specificity: 0.595, 95% CI =0.427, 0.743).  51 

 52 

Conclusion 53 

NT-proBNP and BNP appear the most reliable biomarkers in chronic HFpEF with NT-proBNP 54 

showing higher specificity and BNP higher sensitivity. Although Gal-3 appears more reliable 55 

than ST2 in HFpEF diagnosis, the conclusions are limited as only three studies were included 56 

in this meta-analysis. 57 

 58 

Résumé 59 

 60 

Contexte 61 

Un certain nombre de biomarqueurs circulants est actuellement utilisé pour le diagnostic de 62 

l'insuffisance cardiaque chronique avec fraction d'éjection préservée (HFpEF). Cependant, en 63 

raison de l'hétérogénéité de HFpEF, la précision de ces biomarqueurs demeure incertaine. 64 

 65 

Objectif 66 

Cette étude vise à déterminer de manière systématique la précision diagnostique des 67 

biomarqueurs actuellement disponibles pour HFpEF chronique. 68 

 69 

Méthodes 70 

Les bases de données PubMed, Web of Science, MEDLINE et SCOPUS ont été utilisées pour 71 

identifier les études évaluant les potentiels de diagnostique des biomarqueurs de HFpEF 72 



chronique avec une fraction d'éjection ventriculaire gauche (FEVG) ≥50%. Toutes les études 73 

retenues ont chacune été évaluées pour la qualité et la pertinence des données obtenues. 74 

Des modèles à effets aléatoires ont été utilisés pour estimer l'exactitude diagnostique 75 

groupée des biomarqueurs de HFpEF. 76 

 77 

Résultats 78 

Cette étude a permis d’identifier 6,145 études. Les données de 19 d’entre elles ont été 79 

utilisées pour cette recherche. Quatre biomarqueurs ont été identifiés et évalués pour les 80 

méta-analyses. La sensibilité combinée du BNP (0,787, IC à 95% = 0,719, 0,842) était plus 81 

élevée que celle du NT-proBNP (0,696, IC à 95% = 0,599, 0,779) dans le diagnostic de HFpEF 82 

chronique. Cependant, par rapport au BNP (0,796, IC à 95% = 0,672, 0,882), le NT-proBNP a 83 

montré une meilleure spécificité (0,882, IC à 95% = 0,778, 0,941). Gal-3 a montré un potentiel 84 

diagnostique fiable pour HFpEF (sensibilité: 0,760, IC à 95% = 0,631, 0,855; spécificité: 0,803, 85 

IC à 95% = 0,667, 0,893). Cependant, ST2 a montré des performances diagnostiques limitées 86 

pour HFpEF chronique (sensibilité: 0,636, IC 95% = 0,465, 0,779; spécificité: 0,595, IC 95% = 87 

0,427, 0,743). 88 

 89 

Conclusions 90 

La fiabilité diagnostique du NT-proBNP et du BNP semble être la plus prometteuse pour HFpEF 91 

chronique, avec une meilleure spécificité pour le NT-proBNP et une meilleure sensibilité pour 92 

le BNP. Bien que Gal-3 semble plus fiable que ST2 dans le diagnostic de HFpEF, les conclusions 93 

sont limitées car seules trois études ont été incluses dans cette méta-analyse. 94 
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Background 121 

 122 

Heart failure (HF) is an increasingly prominent disease in developed countries, placing a 123 

significant burden on patients and healthcare systems. It currently affects ~64 million people 124 

worldwide, with rising prevalence [1]. HF is a complex syndrome characterised by abnormal 125 

cardiac structure and function of the heart with impaired ability to fill and/or eject blood at 126 

normal pressure. In line with this definition, the latest clinical guidelines commonly classify 127 

HF into two subtypes based on the left ventricular ejection fraction (LVEF) [2], [3]. A LVEF <50% 128 

is typically considered as HF with reduced LVEF (HFrEF), and LVEF ≥50% is defined as HF with 129 

preserved LVEF (HFpEF). Nevertheless, HF patients with LVEF ranging from 40% to 50% has 130 

recently been classified as HF with mid-range EF (HFmrEF) [2] or HFpEF borderline [3], an 131 

emerging grey area between HFrEF and HFpEF. HFpEF has increased in prevalence over the 132 

last number of years and is now associated with similar mortality rates as HFrEF [4]. However, 133 

this is controversial and HFrEF is still considered the more dangerous types of HF with the 134 

higher mortality rates [5], [6]. Although HFpEF is often associated with less severe 135 

manifestations, currently available treatments remain limited for symptomatic control and 136 

ineffective for HFpEF management [7]. 137 

 138 

Circulating biomarkers are employed regularly in the diagnosis and prognosis of HFpEF. They 139 

have additional potential to provide a better understanding of the underlying pathogenesis, 140 

which could lead to the development of effective therapies. Natriuretic peptides (NPs), 141 

including B-type (BNP) and N-terminal pro-BNP (NT-proBNP), are recommended for diagnosis 142 

of HFpEF [2], [3]. In addition, galectin-3 (Gal-3) and suppression of tumorigenesis-2 (ST2) are 143 

emerging as clinical markers for risk stratification of HFpEF [3].  144 



 145 

Nevertheless, their diagnostic reliability remains controversial due to the heterogeneity of 146 

data reported. Meta-analyses were performed on the diagnostic accuracy of NT-proBNP and 147 

BNP for HFpEF with substantial heterogeneity observed [8], which may affect the 148 

interpretability of results. Another relevant meta-analysis reported biomarkers in female 149 

patients with HFpEF and pre-eclampsia, whereas there were insufficient included studies for 150 

meta-analyses in HFpEF solely [9]. In this study, we systematically performed meta-analyses 151 

to comprehensively assess the diagnostic potential of all current biomarkers in the context of 152 

HFpEF (defined as LVEF ≥50%). 153 

 154 

Methods 155 

 156 

Search strategy and selection criteria 157 

The systematic search was conducted to assess the diagnostic accuracy of biomarkers in 158 

HFpEF using the following databases: PubMed, Web of Science, MEDLINE and SCOPUS (1900 159 

to February 2021). The literature search was performed using the following terms “HFpEF 160 

AND biomarker” as well as other synonymous terms outlined in the Supplementary material 161 

online (Appendix S1). We included studies that defined HFpEF as per the latest clinical 162 

guidelines published by the American Heart Association or European Society of Cardiology 163 

including the presence of symptoms and signs of HF, and LVEF ≥50% as confirmed by 164 

echocardiography [2], [3]. The history of congestive HF and the aetiology of HFpEF were not 165 

restricted in the definition of HFpEF. 166 

 167 



To determine the biomarkers’ suitability for HFpEF diagnosis, published data from 168 

observational studies assessing the diagnostic accuracy of individual biomarkers to 169 

discriminate between cohorts with and without chronic HFpEF, was included. Studies were 170 

selected if diagnostic performance measures of individual biomarkers were reported. Studies 171 

were excluded if they were: non-English language publications, letters, editorials, conference 172 

abstracts, meta-analyses and reviews. The secondary or post-hoc studies in the excluded 173 

meta-analysis or review publications were considered only if the inclusion criteria were met.  174 

 175 

Data extraction 176 

Two independent investigators (HC, MC) extracted data from included studies. 177 

Disagreements were resolved by consensus with a third investigator (LM). The 178 

recommendations of PRISMA guidelines [10] and a relevant guideline specialising for 179 

biomarker meta-analysis [11] were followed for data extraction. A conventional 2 x 2 table 180 

consisting of true positive (TP), true negative (TN), false positive (FP) and false negative (FN), 181 

was extracted from each included study. Only published data were extracted.  182 

 183 

Quality assessment 184 

The included studies were assessed for quality independently by three co-authors (MC, BR, 185 

KM) using Quality Assessment for Diagnostic Accuracy Studies-2 (QUADAS-2) tool [12], which 186 

was composed of four domains including i) patient selection, ii) index test, iii) reference 187 

standard and iv) patient flow and timing. Low risk of bias in a domain referred to positive 188 

answers in all sub-questions. High risk of bias in a domain was defined as negative answers in 189 

two / three sub-questions. Unclear risk of bias was defined as one / two negative answers. 190 



Results were compared between assessors and, in case of disagreement, individual studies 191 

were discussed to achieve consensus. 192 

 193 

Statistical analysis 194 

The analyses of diagnostic accuracy test (DTA) were performed in R (4.0.3) using ‘mada’ 195 

package, where a bivariate, random-effects meta-analysis model was applied. The analyses 196 

of diagnostic biomarkers were based on sensitivity and specificity discriminating between 197 

cohorts with and without HFpEF. The estimated sensitivity and specificity were calculated 198 

using the 2 x 2 tables extracted from included studies. The sensitivity and specificity were 199 

pooled and analysed to generate random-effects model forest plots and random-effects 200 

model hierarchical summary of receiver operating characteristic (HSROC) curves. Natural 201 

logarithm (ln)-transformed diagnostic odds ratio (DOR) was reported along with 202 

heterogeneity of Higgins’ I2 and Cochran’s Q. Publication bias was assessed through visual 203 

inspection of funnel plots of ln(DOR). Analyses were generated only for those diagnostic 204 

markers, which were evaluated in three or more independent studies.  205 

 206 

Results 207 

 208 

Search results 209 

The results for diagnostic markers of HFpEF yielded 6,145 articles, of which 19 [13-31] met 210 

the inclusion criteria with sufficient evidence to conduct meta-analyses on individual 211 

biomarkers (Table 1; Fig. 1a). The overall quality of these included studies was comparably 212 

high (Fig. 1b and 1c). The number of prospective and retrospective designs were equal across 213 

the included studies (n=10 and n=9, respectively; Table 1). In total, n=1,486 patients with 214 



HFpEF and n=1,416 without HFpEF were included from all 19 studies. All patients were at the 215 

chronic stage of HFpEF and free of valvular diseases. Patients with HFpEF were reported at 216 

old age (>50 years old), with a non-diseased group appropriately matched for age and sex. 217 

Overall, selected studies yielded a total of four different diagnostic markers including NT-218 

proBNP, BNP, Gal-3 and ST2. NPs were the most commonly reported diagnostic markers 219 

(n=17) studies, which is in line with the well-established role of NPs in current HFpEF 220 

management [2], [3]. We were unable to complete meta-analyses on emerging biomarkers 221 

such as matrix metalloproteinases (MMPs) and growth differentiation factor 15 (GDF15), due 222 

to a small number of studies identified in relation to their diagnostic potential in HFpEF (n<3). 223 

However, these biomarkers along with their supporting citations were recorded in 224 

Supplementary file (Table S1 and References S1). 225 

 226 

N-terminal pro-B-type natriuretic peptide (NT-proBNP) 227 

Studies using NT-proBNP as a diagnostic marker of chronic HFpEF (n=12 studies [13-24], 228 

n=975 patients), reported optimal sensitivity and specificity at NT-proBNP cut-off 229 

concentration ranging from 65 pg/mL to 477 pg/mL with the median at 227 pg/mL (Fig. 2a). 230 

Interestingly, the four studies using NT-proBNP cut-off at ~227 pg/mL [19-22], showed distinct 231 

values of sensitivity but consistent specificity. The pooled DOR was 2.97 (95% CI =2.19, 3.76) 232 

(Fig. 2b). Relatively low heterogeneity was observed (Higgins’ I2=26.32%, Cochran’s Q =14.938, 233 

p =0.185). The random-effects HSROC curve revealed moderate sensitivity (0.696, 95% CI 234 

=0.599, 0.779) and reliable specificity (0.882, 95% CI =0.778, 0.941) in terms of the diagnostic 235 

performance of NT-proBNP in HFpEF, with area under the curve (AUC) estimated 0.836 (Fig. 236 

2c). Fig. 2d showed the 95% CI region of each study using NT-proBNP as a diagnostic marker. 237 

Generally, the 95% CI region of specificity appeared larger than that of sensitivity for most 238 



relevant studies. According to the funnel plot (Supplementary material online Figure S1), 239 

there was some evidence of publication bias in NT-proBNP. However, the high statistical 240 

significance (p <0.01) of all 12 relevant studies suggested that the publication bias is not the 241 

underlying cause of this funnel asymmetry. 242 

 243 

B-type natriuretic peptide (BNP) 244 

Seven studies [18], [24], [25-29] investigating the diagnostic performance of BNP in HFpEF 245 

were analysed, with data extracted from 367 patients with HFpEF (Fig. 3a). The cut-off levels 246 

of BNP were varied (40-353.6 pg/mL, median: 125 pg/mL). In the random-effects forest plot 247 

(Fig. 2b), the pooled DOR was 2.70 (95% CI =1.68, 3.72), with no heterogeneity observed 248 

(Higgins’ I2=0%, Cochran’s Q =4.422, p =0.620). Pooled estimated sensitivity (0.787, 95% CI 249 

=0.719, 0.842) and specificity (0.796, 95% CI =0.672, 0.882) were well-balanced when using 250 

BNP to diagnose HFpEF (Fig. 3c). The pooled AUC was 0.842. The number of participants was 251 

relatively small in three studies [25-27], resulting in the largest variance shown in Fig. 3d. 252 

Similar to NT-proBNP, the funnel plot of BNP is asymmetrical (Supplementary material online 253 

Figure S2). However, the high statistical significance (p <0.01) of all relevant studies suggested 254 

that the publication bias is not the underlying cause of this funnel asymmetry. 255 

 256 

Galectin-3 (Gal-3) 257 

Analyses were performed on the diagnostic accuracy of Gal-3 using three studies [15], [19], 258 

[30]. The data were evaluated based on a total of 362 patients with HFpEF (Fig. 4a). Gal-3 was 259 

reported at 1.79 ng/mL to 10.68 ng/mL (median: 9.55 ng/mL) as cut-off levels. The pooled 260 

DOR was 2.94 (95% CI =1.61, 4.28), whereas substantial heterogeneity was observed (Higgins’ 261 

I2=48.598%, Cochran’s Q =3.891, p =0.143) (Fig. 4b). Sensitivity was relatively high (0.760, 95% 262 



CI =0.631, 0.855), so was specificity (0.803, 95% CI =0.667, 0.893) (Fig. 4c). The AUC was 0.851 263 

for the diagnostic performance of Gal-3. Fig. 4d exhibited larger variance on specificity than 264 

sensitivity.  265 

 266 

Suppression of tumorigenesis-2 (ST2) 267 

Three studies [15], [20], [31] reported the diagnostic accuracy of ST2 in chronic HFpEF, with 268 

an adequate pooled number of patients with HFpEF (n=290), and the distribution of 269 

participants well-balanced across the studies (Fig. 5a). The cut-off levels of ST2 were 270 

substantially varied across the three studies, ranging from 68.6 pg/mL to 26.57 ng/mL. The 271 

pooled DOR of ST2 as an individual diagnostic marker in HFpEF was 1.00 (95% CI: -0.07, 2.07), 272 

with minimal heterogeneity (Higgins’ I2=3.959%, Cochran’s Q =2.082, p =0.353) (Fig. 5b). In 273 

line with the poor DOR, sensitivity (0.636, 95% CI =0.465, 0.779) and specificity (0.595, 95% 274 

CI =0.427, 0.743) as well as AUC (0.647) were all unreliable (Fig. 5c). Although the number of 275 

participants was satisfactory in each study, the reported diagnostic accuracy highly varied, 276 

particularly in terms of specificity (Fig. 5d). 277 

 278 

Discussion 279 

HF may be categorised as either acute or chronic, where it is possible and common for patient 280 

to experience acute episodes (e.g. acute exacerbation or decompensation) of HF with 281 

underlying chronic symptoms in HF patients. Chronic underlying HFpEF accounts for a large 282 

proportion of its population and it must be noted that the biomarkers assessed in this study 283 

were performed in the context of patients with chronic HFpEF [32]. 284 

 285 



The diagnosis of chronic HFpEF is difficult as a multifactorial syndrome; it not only requires 286 

preserved LVEF, but additional symptoms of chronic HF [33]. However, the reliability of 287 

currently available biomarkers in diagnosis of HFpEF remains partially unclear. Our study is 288 

the first to systematically and comprehensively review the currently available circulating 289 

biomarkers (defined as proteins detected in blood-derived samples) in diagnosis of chronic 290 

HFpEF. The main findings of this study are: i) NT-proBNP (DOR =2.97) and BNP (DOR =2.70) 291 

remain the two most reliable individual diagnostic markers for HFpEF, whereas the diagnostic 292 

adequacy of both NPs remains only reasonable; ii) NT-proBNP shows higher specificity (0.882) 293 

than BNP (0.796) in diagnosis of chronic HFpEF, whereas the sensitivity and specificity of BNP 294 

(0.787 and 0.796, respectively) are more balanced compared to NT-proBNP (0.696 and 0.882, 295 

respectively); iii) Gal-3, an emerging biomarker for HFpEF management, displays promising 296 

diagnostic performance (DOR =2.94) for HFpEF; and iv) ST2 shows limited accuracy (DOR 297 

=1.00) as an individual biomarker for the diagnosis of chronic HFpEF. 298 

 299 

Compared to another HFpEF biomarker meta-analysis [8], a lower degree of heterogeneity 300 

was reported in our study, as the heterogeneity statistics were only utilised for estimation of 301 

DOR rather than sensitivity and specificity. However, substantial heterogeneity remains on 302 

the diagnostic accuracy of Gal-3, which could be due to the retrospective design of all relevant 303 

selected studies [15], [19], [30]. In addition, an 100% specificity was introduced by one of the 304 

studies [19], which could be possibly due to a random chance. Another explanation for the 305 

heterogeneity could be caused by the wide difference of cut-off levels of Gal-3 (1.79 ng/mL, 306 

9.55 ng/mL and 10.68 ng/mL). The heterogenous nature of HFpEF may also play a role in this 307 

heterogeneity. All these underlying causes of heterogeneity could limit the applicability of the 308 



results of Gal-3. Therefore, it is important to note that the reliable diagnostic discriminative 309 

power of Gal-3 remains questionable.  310 

 311 

A limited number of studies were included for evaluating the diagnostic accuracy of Gal-3 and 312 

ST2 in HFpEF, with only 362 and 290 patients with HFpEF, respectively. Trends of rising HF 313 

prevalence are shared amongst all countries, yet it must be noted that the studies included 314 

in this meta-analysis were conducted in Asia. With factors such as an ageing population and 315 

younger age range for HF patients, the generalisation of the findings in this paper to patients 316 

of different ethnicities may be limited [32]. 317 

 318 

Natriuretic peptides are currently the most widely utilised biomarkers in supporting HFpEF 319 

diagnosis. Frequently, laboratories and clinical guidelines recommend the use of NT-proBNP 320 

over BNP in HFpEF diagnosis as the first line option. This is likely due to the stability of NT-321 

proBNP within blood samples for over 72 hours at room temperature without the need for 322 

using additives. On the other hand, BNP is stable within blood samples for only 24 hours at 323 

room temperature, and the blood collection tubes are required to be coated an 324 

ethylenediaminetetraacetic acid (EDTA) [34]. 325 

 326 

NT-proBNP and BNP are strongly recommended for HFpEF diagnosis by the current clinical 327 

guidelines [2], [3], generating a number of high-quality observational studies. As such, the 328 

diagnostic reliability of NT-proBNP and BNP is well-validated in our study. In this DTA meta-329 

analysis, the pooled specificity of NT-proBNP in diagnosing HFpEF was higher than that of BNP, 330 

however the pooled sensitivity of BNP was more improved than NT-proBNP, consistent with 331 

another HFpEF biomarker meta-analysis [8]. Interestingly, both sensitivity and specificity of 332 



BNP were well-balanced and reasonable. The AUC and DOR of NT-proBNP and BNP were 333 

satisfactory for diagnostic purposes. Therefore, the reliability of NT-proBNP and BNP is equal 334 

as diagnostic markers for chronic HFpEF, given that both NPs are in the same biological 335 

pathway [35]. However, differential sensitivity and specificity were reported for NT-proBNP 336 

and BNP in HFpEF diagnosis, suggesting different utility in clinical settings. Due to the high 337 

specificity in NT-proBNP in HFpEF diagnosis, we suggest that NT-proBNP possesses a 338 

prominent advantage in ruling out HFpEF. Higher sensitivity could be more preferable in 339 

secondary or tertiary care, whereas a reliable specificity could be more important in primary 340 

care settings.  341 

 342 

Overall, fairly consistent cut-off levels of NT-proBNP were reported by relevant studies, with 343 

the most optimal specificity being observed at approximately 100 pg/mL [14], [16], [23], 344 

which is consistent with the cut-off (>125 pg/mL) suggested by 2016 European Society of 345 

Cardiology (ESC) clinical guidelines for HF [2] and the new HFA-PEFF diagnostic algorithms [36]. 346 

Three selected studies utilised significantly higher cut-off values of NT-proBNP (295.85 pg/mL 347 

[24], 424.31 pg/mL [17] and 477 pg/mL [18]), which led to the lowest specificity. This could 348 

be further supporting evidence for utilising the recommended cut-off values of NT-proBNP at 349 

approximately 100 pg/mL for diagnosis of HFpEF. Despite the fact that the recommended cut-350 

off level of BNP is 35 pg/mL [2], [36], the cut-off values reported by included studies related 351 

to BNP was widely varied. In addition, a study reported that the cut-off value of ~35 pg/mL 352 

provided an unreliable diagnostic accuracy (sensitivity: 0.67; specificity: 0.73) for chronic 353 

HFpEF [37]. However, significantly higher cut-off levels of BNP were observed in most relevant 354 

studies. Further population-based comparable investigations of the diagnostic performance 355 

of BNP at different cut-off concentrations for HFpEF diagnosis are necessary.  356 



 357 

ST2 is emerging as a new diagnostic marker for HFpEF and is recommended by the latest 358 

American Heart Association (AHA) guidelines [3]. Nevertheless, we observed a limited 359 

diagnostic accuracy of ST2 in chronic HFpEF diagnosis, supported by three studies [15], [20], 360 

[31]. The limited diagnostic value of ST2 in HFpEF is likely caused by the lack of association of 361 

ST2 with LV function and structure [38]. Despite the limited performance of ST2 in chronic 362 

HFpEF, ST2 is beneficial in acute settings [39]. Although ST2 was shown to be associated with 363 

HF diagnosis at 35 ng/mL, as recommended by the Food and Drug Administration (FDA), the 364 

diagnostic adequacy in HF subtypes including HFpEF and HFrEF, were modest in the elderly 365 

population [40]. Therefore, it is recommended that the optimal cut-off value of ST2 in HF 366 

subtypes should be re-evaluated in future observational studies. 367 

 368 

Collectively, the specificity of NT-proBNP, BNP and Gal-3 are generally higher than their 369 

sensitivity, suggesting a more advanced ability of ruling out HFpEF, consistent with the 370 

proposals in current guidelines [2], [41]. Generally, these biomarkers play a critical role in 371 

discriminating acute HF from non-cardiac dyspnoea in acute settings, as their concentrations 372 

were significantly elevated [39], [42]. This is opposite in chronic settings where the levels of 373 

biomarkers could be closer to normal ranges. Therefore, diagnosis of chronic HFpEF is difficult, 374 

especially given the common comorbidities which further complicate the diagnosis. Overall, 375 

in line with the recommendations of HFA-PEFF diagnostic algorithms [36], biomarkers should 376 

be used on top of echocardiography for the early diagnosis of HFpEF. Future studies should 377 

therefore investigate the clinical utility of current biomarkers in combination with 378 

echocardiographic measurements. 379 

 380 



Conclusions 381 

 382 

HFpEF comprises approximately half of all patients with HF, and it is associated with similar 383 

mortality as HFrEF, yet it is ineffectively managed with pharmacotherapies. Due to poorly 384 

understood pathogenesis of HFpEF, there is a likely delay in the diagnosis and treatment, 385 

leading to worse outcomes for HFpEF patients. Accurate biomarkers are critical for early 386 

diagnosis of HFpEF, emphasising the urgent need for biomarker discovery and validation. 387 

Nevertheless, in this meta-analysis it was demonstrated that NT-proBNP and BNP remain the 388 

most reliable biomarker in HFpEF diagnosis. NT-proBNP is possibly more reliable for chronic 389 

HFpEF diagnosis given its more consistent and less varied cut-off diagnostic values and higher 390 

specificity than BNP. Gal-3 also displays a reliable diagnostic discriminative power, while the 391 

high heterogeneity limits the applicability of Gal-3’s high diagnostic value. ST2 appears to 392 

have limited diagnostic potential for chronic HFpEF. Therefore, more robust and larger future 393 

studies are warranted. 394 

 395 
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Table 1. Study characteristics of included studies. 569 

Study Study Design Location Mean LVEF in 

HFpEF (%) 

n 

(HFpEF) 

Women in 

HFpEF (%) 

Mean 

age in 

HFpEF 

(years) 

Mean 

LVEF in 

control 

(%) 

n 

(Control) 

Women in 

control (%) 

Mean age in 

control 

(years) 

Liu et al. 2016 Retrospective China NA 50 46 64.28 NA 50 54 63.76 

Cui et al. 2018 Retrospective China 60 172 55.8 73 58.5 30 40 67 

Tschope et al. 

2005 

Prospective Germany 68 68 46 51 65 50 44 49 

Santhanakrishnan 

et al. 2012 

Prospective Singapore 60 50 42 69 66 50 54 63 

Stahrenberg et al. 

2010 

Retrospective Germany 60 142 64 73 62 188 66 56 

Kasner et al. 2011 Prospective Germany NA 107 40 53 NA 73 43 51 

Dokainish et al. 

2004 

Prospective USA NA 19 NA NA NA 27 NA NA 

Liu et al. 2010 Prospective China 65 39 50 52.2 67 20 46.2 46 

Wei et al. 2005 Prospective China 65 61 32 70 67 74 35 66 

Lubien et al. 2002 Prospective USA NA 119 10.9 71 NA 175 9.1 60 

Wang et al. 2013 Retrospective China 68 68 54.4 68 68 39 33.3 60 

Arques et al. 2007 Prospective France 60 15 27 58 62 11 55 57 

Mason et al. 2013 Retrospective UK NA 57 NA NA NA 308 NA NA 

Shuai et al. 2011 Prospective China 66 101 52 67 67 48 50 62 

Polat et al. 2016 Retrospective Turkey 59 44 45.5 60 61 38 47.5 57 

Celik et al. 2012 Retrospective Turkey 72 71 63.4 57.09 68 50 38 56.16 

Zapata et al. 2014 Prospective Spain 60 35 51.4 68 59 36 19.4 57 

Barutcuoglu et al. 

2010 

Retrospective Turkey NA 122 51.3 55 NA 119 54.9 53 

Wu et al. 2015 Retrospective China 68.2 146 61.6 70.06 NA 30 63.3 63.23 

 570 

Control is defined as participants without evidence of HF. 571 

LVEF left ventricular ejection fraction; HFpEF heart failure with preserved ejection fraction. 572 



 573 

Figure 1. Summary of the study workflow and the number of included studies.  574 

a Workflow of the systematic search adheres to PRISM guidelines. b Summary quality 575 

assessment of included studies independently evaluated using QUADAS-2 tool. c Outcomes 576 

of quality assessment of each individual included study. 577 
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 587 

Figure 2. Diagnostic assessment of NT-proBNP in HFpEF using a bivariate, random-effects 588 

model.  589 

a Forest plot of six studies investigating the diagnostic performance of NT-proBNP in HFpEF, 590 

with sensitivity and specificity reported. b Forest plot of ln(DOR) related to the diagnostic 591 

accuracy of NT-proBNP in HFpEF. c Plot of HSROC curve showing the estimated pooled 592 

diagnostic accuracy. d Plot of HSROC curve showing the 95% CI of each study evaluating the 593 

diagnostic accuracy of NT-proBNP in HFpEF. 594 
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 604 

Figure 3. Diagnostic assessment of BNP in HFpEF using a bivariate, random-effects model.  605 

a Forest plot of five studies investigating the diagnostic performance of BNP in HFpEF, with 606 

sensitivity and specificity reported. b Forest plot of ln(DOR) related to the diagnostic accuracy 607 

of BNP in HFpEF. c Plot of HSROC curve showing the estimated pooled diagnostic accuracy. d 608 

Plot of HSROC curve showing the 95% CI of each study evaluating the diagnostic accuracy of 609 

BNP in HFpEF. 610 
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 623 

Figure 4. Diagnostic assessment of Gal-3 in HFpEF using a bivariate, random-effects model.  624 

a Forest plot of three studies investigating the diagnostic performance of Gal-3 in HFpEF, with 625 

sensitivity and specificity reported. b Forest plot of ln(DOR) regarding the diagnostic accuracy 626 

of Gal-3 in HFpEF. c Plot of HSROC curve showing the estimated pooled diagnostic accuracy. 627 

d Plot of HSROC curve showing the 95% CI of each study evaluating the diagnostic accuracy 628 

of Gal-3 in HFpEF. 629 
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 643 

Figure 5. Diagnostic assessment of ST2 in HFpEF using a bivariate, random-effects model. a 644 

Forest plot of three studies investigating the diagnostic performance of ST2 in HFpEF, with 645 

sensitivity and specificity reported. b Forest plot of ln(DOR) regarding the diagnostic accuracy 646 

of ST2 in HFpEF. c Plot of HSROC curve showing the estimated pooled diagnostic accuracy. d 647 

Plot of HSROC curve showing the 95% CI of each study evaluating the diagnostic accuracy of 648 

ST2 in HFpEF. 649 
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