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Background and Aim: Anemia may affect cardiac function and outcomes in cardiovascular diseases. However, there is scarce 
evidence on the impact of anemia in patients with mitral valve dysfunction. This study sought to investigate the prevalence of anemia 
in patients with significant mitral regurgitation (MR), as well as its association with outcomes.
Methods: A total of 4339 patients with moderate or greater MR in the China Valvular Heart Disease study were included in this 
analysis. Anemia was determined according to the World Health Organization definition. The primary outcome of this study was two- 
year all-cause mortality, and the secondary outcome was the composite of death and hospitalization for heart failure.
Results: Anemia was present in 33.1% (1435/4339) of the study population. During a median follow-up of 732 (704–748) days, 426 
(9.8%) patients died and 686 (15.8%) experienced the composite endpoint. Both anemia and hemoglobin were independently 
associated with two-year outcomes (all P < 0.001). Similar results were observed in patients with conservatively managed MR, left 
ventricular ejection fraction ≤60%, or in subsets according to New York Heart Association functional class (I/II–IV), the diagnosis of 
heart failure, severity of valvular lesion, etiology of MR, and the presence of malnutrition. The combination of anemia with left atrial 
dilatation or impaired left ventricular systolic function identified high-risk patients with significantly poor survival, and the inclusion of 
anemia to EuroSCORE II model enhanced risk prediction in MR.
Conclusion: Anemia was common in patients with MR, and it was a significant predictor of poor prognosis. The high prevalence and 
negative impact of anemia make it as an important risk factor for prognostic evaluation and clinical decision-making.
Keywords: mitral regurgitation, anemia, hemoglobin, prognosis

Introduction
Anemia is a common blood disorder in patients with cardiovascular diseases,1–4 and it is not an innocent bystander to cardiac 
abnormalities or elevated mortality risk.5,6 Although the mechanism of anemia contributing to poor cardiac function and 
clinical outcomes remains to be further elucidated, it has been established as a prognostic factor in patients with heart failure, 
coronary artery disease, and congenital heart disease.4,6,7 There is also emerging evidence implying a large burden of anemia 
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in valvular heart disease (VHD). In patients undergoing transcatheter aortic valve intervention, anemic individuals accounted 
for up to 64.4% of patients across different studies,8–13 and experienced significantly impaired exercise performance and 
survival.9,11,12 Besides aortic stenosis, anemia may also be frequently present in other types of VHD, such as mitral 
regurgitation (MR), causing a negative impact on cardiac function, functional status, as well as clinical outcomes.

There are limited data on the prevalence and prognostic impact of anemia in MR. Several studies reported inconsistent 
distributions of anemia in patients undergoing transcatheter mitral valve intervention (TMVI),14–18 as well as the associations 
of anemia or hemoglobin with functional MR severity or all-cause mortality.19,20 Nevertheless, TMVI candidates generally 
represent a group of high-risk, surgically inoperable patients with various cardiac and non-cardiac comorbidities. Little is 
known about the presence of anemia and its association with outcomes in MR population regardless of therapeutic strategy. 
Besides, the combined predictive effects of anemia with well-established risk factors, as well as its incremental value over 
existing risk assessment tools are not investigated. In current guidelines for the management of VHD, the importance of 
hematologic parameters for risk assessment is overlooked in patients with MR.21,22

Therefore, the present study sought to investigate the prevalence and prognostic impact of anemia in a large, 
representative series of patients with significant MR.

Materials and Methods
Study Population
The study population was from the database of the China Valvular Heart Disease (China-VHD; NCT03484806) registry, 
which was a nationwide, multicenter, prospective, observational cohort study for patients (≥18 years) with significant 
(≥moderate) VHD. From April to June 2018, patients with at least moderate VHD, as defined by echocardiography, were 
consecutively recruited from inpatient wards and outpatient clinics at 46 medical centers in China. Details of the study 
design and quality control measures have been described and published elsewhere.23 The study was approved by the 
Institutional Review Board at Fuwai Hospital, National Center for Cardiovascular Diseases of China (Approval 
No. 2017–968) and conformed to the ethical guidelines of the Declaration of Helsinki. Written informed consent was 
obtained from each patient before registration. Among 13917 patients enrolled in the China-VHD study, 6673 (47.9%) 
had moderate or greater MR. Patients with significant aortic stenosis (n = 283), aortic regurgitation (n = 953), mitral 
stenosis (n = 406), or pulmonary valve disease (n = 42) were excluded. We also excluded patients with previous valvular 
intervention (n = 115), infective endocarditis (n = 87), missing value on hemoglobin (n = 444), and those without any 
follow-up data (n = 4). As a result, a total of 4339 patients were included in this analysis (Figure 1).

Patients in China-VHD study 
(n=13917)

Patients with previous valvular intervention 
(n=115), with infective endocarditis (n=87), 
with missing data on hemoglobin (n=444), or 
without any follow-up information (n=4)

 Patients with ≥moderate MR 
(n=6673)

Study cohort (n=4339) 

Patients with ≥moderate AS (n=283), AR 
(n=953), MS (n=406), or pulmonary valve 
disease (n=42)

Figure 1 Flowchart of this study. 
Abbreviation: China-VHD, China Valvular Heart Disease; MR, mitral regurgitation; AS, aortic stenosis; AR, aortic regurgitation; MS, mitral stenosis.
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Echocardiography
Comprehensive transthoracic two-dimensional and Doppler echocardiography with standard ultrasound systems 
(Supplementary Material 1) was performed on each patient in the China-VHD study. Cardiac chamber was quantified 
according to recommendations from the American Society of Echocardiography and the European Association of 
Cardiovascular Imaging,24 and left ventricular ejection fraction (LVEF) was obtained by the biplane modified Simpson 
method. The echocardiographic definition of significant MR has been described and published previously,25 and was also 
detailed in Supplementary Material 1.

Definitions
Venous blood samples were collected and tested during the same period of the echocardiography. Anemia was determined 
according to the World Health Organization (WHO) definition,26 which was a hemoglobin level <120g/L in women and <130g/L 
in men. Baseline risk, nutritional status, and cardio-renal-hepatic function were assessed by EuroSCORE II and Meta-Analysis 
Global Group in Chronic Heart Failure (MAGGIC) risk score (Supplementary Material 1), geriatric nutritional risk index 
(GNRI), and cardio-renal-hepatic (CRH) score, respectively, which were calculated according to previous publications.25,27–32

Follow-up and Endpoints
Follow-up was conducted by clinical visits, medical records, or telephone calls at six months, 12 months, 18 months, and 
two years. All-cause mortality was the primary outcome of the present analysis. The secondary outcome was the 
composite of all-cause death and hospitalization for heart failure (HHF). If no event occurred within two years, patients 
were censored at the date of the last contact or valvular intervention if performed during follow-up.

Statistical Analysis
Baseline characteristics of patients with and without anemia were summarized and compared. Categorical variables were 
presented by numbers and proportions and compared by Chi-square test. Continuous variables were reported as mean ± standard 
deviation (SD) or the median value with interquartile range (IQR) and compared using the Mann–Whitney U-test.

The associations of both WHO-defined anemia and hemoglobin with outcomes were investigated in the present study. To 
examine the shape of the relationship between hemoglobin and outcomes, restricted cubic splines with three knots at 25th, 50th, 
and 75th percentiles were adopted. Kaplan-Meier curves were constructed according to the existence of anemia, and the survival 
differences between groups were examined by the Log rank test. We also used Cox proportional hazards models to calculate 
hazard ratios (HRs) and 95% confidence intervals (CIs). Following variables were adjusted in multivariable analyses: age, sex, 
body mass index (BMI), smoking status, hypertension, hyperlipidemia, diabetes, coronary artery disease, cardiomyopathy, atrial 
fibrillation or flutter, chronic lung disease, chronic kidney disease, New York Heart Association (NYHA) functional class (I–II/ 
III–IV), creatinine, albumin, left atrial end-diastolic dimension (LA), left ventricular end-diastolic dimension (LVEDD), LVEF, 
pulmonary hypertension, significant tricuspid regurgitation (TR), severity of MR, and mitral valve intervention. The proportional 
hazards assumptions were examined by the Schoenfeld residual plots and log–log survival plots.

The combined prognostic effects of the presence of both anemia and other parameters, including echocardiographic indices 
with guideline-recommended thresholds (LA ≥ 55mm; LVEF ≤ 60%), N-terminal pro-B-type natriuretic peptide (NT-proBNP), 
and GNRI were assessed by examining the associations between the existence of risk factors (two, one, or zero) and outcomes. To 
further assess the incremental value of anemia over existing risk prediction tools and well-established prognostic factors, we 
added anemia to EuroSCORE II, the MAGGIC score, as well as the adjusted model, which included variables mentioned 
previously, and evaluated the improvement of predictive performance. The differences between models were compared by 
C index, category-less net reclassification improvement index (NRI), integrated discrimination improvement index (IDI), 
likelihood ratio test for nested models, and Bayesian Information Criterion (BIC).

Subgroup analyses were performed based on the therapeutic strategy of MR (conservative management/valvular 
intervention), the diagnosis of heart failure, symptomatic status (NYHA I/II–IV), NT-proBNP (NT-proBNP ≥ 2034 
pg/mL/NT-proBNP < 2034 pg/mL), LA (≥55 mm/<55 mm), LVEF (>60%/≤60%), the existence of significant TR 
(yes/no), severity of MR (moderate/severe MR), etiology (primary/secondary MR), and the presence or absence of 
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GNRI-defined malnutrition (GNRI ≤ 98).30 Missing data (≤2.9% for each variable) and imputation methods were 
shown in Supplementary Table 1. Statistical significance was defined as a two-tailed P < 0.05. All analyses were 
performed using R software (version 4.2.2, R Foundation for Statistical Computing, Vienna, Austria).

Results
Baseline Characteristics
Of 4339 patients in the present study, the mean age was 62.84 ± 12.88 years and 2552 (58.8%) were male. Patients with 
anemia accounted for 33.1% (1435/4339) in the overall population, with mild anemia (110g/L ≤ the hemoglobin level < 
120g/L [female]/130g/L [male]) in 894 patients, moderate anemia (80g/L ≤ the hemoglobin level < 110g/L) in 471 
patients, and severe anemia (the hemoglobin level <80g/L) in 70 patients. Baseline characteristics according to the 
existence of anemia were shown in Table 1. Compared with those without anemia, anemic patients were older, and had 
a higher prevalence of hypertension, diabetes, coronary artery disease, chronic lung disease, and kidney disease (all P < 
0.001). Patients with anemia were less likely to use warfarin, while they were more frequently taking antiplatelet therapy 

Table 1 Baseline Characteristics

Variables Total Cohort (n=4339) No Anemia (n=2904) Anemia (n=1435) P value

Age, yrs 62.84±12.88 61.12±12.51 66.32±12.91 <0.001
Male sex 2552 (58.8) 1736 (59.8) 816 (56.9) 0.066

BMI, kg/m2 23.82±3.64 24.12±3.63 23.23±3.58 <0.001

Current smoker 767 (17.7) 545 (18.8) 222 (15.5) 0.007
Hypertension 2128 (49.0) 1363 (46.9) 765 (53.3) <0.001

Hyperlipidemia 635 (14.6) 446 (15.4) 189 (13.2) 0.055
Diabetes 870 (20.1) 487 (16.8) 383 (26.7) <0.001

Coronary artery disease 1938 (44.7) 1179 (40.6) 759 (52.9) <0.001

Prior MI 708 (16.3) 409 (14.1) 299 (20.8) <0.001
Prior PCI 860 (19.8) 506 (17.4) 354 (24.7) <0.001

Prior CABG 81 (1.9) 44 (1.5) 37 (2.6) 0.015

Cardiomyopathy 641 (14.8) 451 (15.5) 190 (13.2) 0.046
Atrial fibrillation or flutter 1274 (29.4) 868 (29.9) 406 (28.3) 0.277

Chronic lung disease 256 (5.9) 137 (4.7) 119 (8.3) <0.001

Chronic kidney disease 318 (7.3) 139 (4.8) 179 (12.5) <0.001
MR duration > 18 months (n=4313) 611 (14.2) 423 (14.7) 188 (13.1) 0.164

Heart failure 3148 (72.6) 2104 (72.5) 1044 (72.8) 0.835

Heart rate 79.85±18.32 80.40±18.43 78.72±18.04 0.036
Systolic blood pressure, mmHg 124.58±20.78 124.17±19.71 125.41±22.79 0.315

Diastolic blood pressure, mmHg 75.79±13.18 76.80±13.15 73.74±13.00 <0.001

NYHA functional class <0.001
I 1249 (28.8) 837 (28.8) 412 (28.7)

II 1072 (24.7) 782 (26.9) 290 (20.2)

III 1383 (31.9) 895 (30.8) 488 (34.0)
IV 635 (14.6) 390 (13.4) 245 (17.1)

Hemoglobin, g/L 131.51±20.36 142.06±13.22 110.14±14.78 <0.001

Creatinine, μmol/L 82 (68.2–101) 80.1 (68–97) 86.9 (69–113.54) <0.001
Albumin, g/L 39.06±5.08 40.02±4.84 37.11±5.00 <0.001

CRP, mg/L (n=2059) 3.38 (1.52–9.00) 3.035 (1.50–7.305) 4.56 (1.57–12.155) <0.001

NT-proBNP, pg/mL (n=2819) 2034 (723.51–4944) 1606 (585.75–3924) 3056.23 (1115–7086)) <0.001
LA, mm 47.51±9.08 47.59±8.90 47.34±9.42 0.054

LVEDD, mm 57.55±10.27 57.62±10.44 57.39±9.92 0.555

LVEF, % 52 (36–61) 52 (35–62) 50 (37.93–60) 0.123
Pulmonary hypertension 1928 (44.4) 1197 (41.2) 731 (50.9) <0.001

(Continued)
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at baseline (all P < 0.001). Compared with patients without anemia, individuals with anemia had higher C-reactive 
protein, poorer nutritional status, higher surgical risk, as well as worse cardio-renal-hepatic function (all P < 0.001). 
Notably, there was only a modest correlation of hemoglobin with albumin (Spearman r = 0.31, P < 0.001) or nutritional 
index (Spearman r = 0.31, P < 0.001), despite reaching statistical significance.

Association of Anemia and Hemoglobin with Outcomes
Of 4339 patients in the present study, 426 (9.8%) died during a median follow-up of 732 (704–748) days. The cumulative 
one-year and two-year survival was 92.3% and 88.9%. In restricted cubic spline analysis, there was a monotonic decrease in 
the risk of events with the increasing hemoglobin level (Figure 2). Both anemia and the hemoglobin level were independently 
associated with two-year mortality (Table 2; anemia, adjusted HR [95% CI], 1.686 [1.370–2.075], P < 0.001; hemoglobin, 
adjusted HR [95% CI], 0.987 [0.982–0.992], P < 0.001). When assessing the relationships of anemia and the hemoglobin 
level with the composite endpoint of all-cause death and HHF, they remained independent prognostic factors in patients with 
significant MR (Figure 3; Table 3; anemia, adjusted HR [95% CI], 1.509 [1.283–1.775], P < 0.001; hemoglobin, adjusted HR 
[95% CI], 0.990 [0.986–0.994], P < 0.001). Additional adjustment for NT-proBNP, EuroSCORE II, use of warfarin, aspirin, 
P2Y12 inhibitor, β blocker, angiotensin converting enzyme inhibitor/angiotensin receptor blocker, and diuretics yielded 
similar results (n = 2769; all-cause mortality: anemia, adjusted HR [95% CI], 1.465 [1.144–1.875], P = 0.002; hemoglobin, 
adjusted HR [95% CI], 0.993 [0.987–0.999], P = 0.028; composite endpoint: anemia, adjusted HR [95% CI], 1.385 
[1.137–1.687], P = 0.001; hemoglobin, adjusted HR [95% CI], 0.993 [0.988–0.998], P = 0.005). Compared with those 
without anemia, patients with mild, moderate, or severe anemia had significantly higher risks of two-year adverse events (all- 

Table 1 (Continued). 

Variables Total Cohort (n=4339) No Anemia (n=2904) Anemia (n=1435) P value

≥ moderate TR 1662 (38.3) 1061 (36.5) 601 (41.9) 0.001

Severe MR 1647 (38.0) 1110 (38.2) 537 (37.4) 0.609
Mitral valve intervention 974 (22.4) 763 (26.3) 211 (14.7) <0.001

Etiology (n=4211) <0.001

Primary 1692 (40.2) 1191 (42.3) 501 (35.9)
Rheumatic 380 (22.5) 287 (24.1) 93 (18.6)

Degenerative 875 (51.7) 564 (47.4) 311 (62.1)

Congenital 188 (11.1) 141 (11.8) 47 (9.4)
Others 249 (14.7) 199 (16.7) 50 (10.0)

Secondary 2519 (59.8) 1626 (57.7) 893 (64.1)

Ischemic 796 (31.6) 474 (29.2) 322 (36.1)
Functional 1723 (68.4) 1152 (70.8) 571 (63.9)

Medications

Diuretics 3368 (77.6) 2249 (77.4) 1119 (78.0) 0.691
β blockers 2857 (65.8) 1933 (66.6) 924 (64.4) 0.156

ACEI/ARB 2260 (52.1) 1530 (52.7) 730 (50.9) 0.260

Warfarin 1299 (29.9) 970 (33.4) 329 (22.9) <0.001
Aspirin 1872 (43.1) 1195 (41.2) 677 (47.2) <0.001

P2Y12 inhibitors 1388 (32.0) 808 (27.8) 580 (40.4) <0.001
GNRI (n=4095) 103.38±10.62 105.38±10.26 99.33±10.19 <0.001

EuroSCORE II, % (n=4250) 2.19 (1.25–3.86) 1.95 (1.14–3.41) 2.78 (1.65–4.95) <0.001

MAGGIC score (n=4151) 18.44±7.09 17.34±6.65 20.67±7.43 <0.001
CRH score (n=2733) 4.37±1.16 4.17±1.14 4.75±1.10 <0.001

Notes: Data are shown as mean ± standard deviation, median (IQR), or number (%). Characteristics are presented before imputation of missing data. 
Abbreviations: BMI, body mass index; MI, myocardial infarction; PCI, percutaneous coronary intervention; CABG, coronary artery bypass graft; MR, 
mitral regurgitation; NYHA, New York Heart Association; CRP, C-reactive protein; NT-proBNP, N-terminal pro-B-type natriuretic peptide; LA, left atrial 
end-diastolic dimension; LVEDD, left ventricular end-diastolic dimension; LVEF, left ventricular ejection fraction; TR, tricuspid regurgitation; ACEI, 
angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; GNRI, geriatric nutritional risk index; MAGGIC, Meta-Analysis Global 
Group in Chronic Heart Failure; CRH, cardio-renal-hepatic.
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Figure 2 Restricted cubic splines for the associations of hemoglobin with outcomes. (A) The restricted cubic spline for the association of hemoglobin with mortality in total 
cohort. (B) The restricted cubic spline for the association of hemoglobin with the composite endpoint in total cohort. (C) The restricted cubic spline for the association of 
hemoglobin with mortality in male patients. (D) The restricted cubic spline for the association of hemoglobin with the composite endpoint in male patients. (E) The 
restricted cubic spline for the association of hemoglobin with mortality in female patients. (F) The restricted cubic spline for the association of hemoglobin with the 
composite endpoint in female patients. The corresponding risks to the median levels of hemoglobin were selected as the references. 
Abbreviation: CI, confidence interval.
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Table 2 Association of Anemia and Hemoglobin with Mortality

Univariable Analysis Multivariable Analysis*

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

Total cohort (n=4339)
Hemoglobin (per 1g/L increase) 0.977 (0.973–0.981) <0.001 0.987 (0.982–0.992) <0.001
Anemia (vs no) 2.641 (2.182–3.196) <0.001 1.686 (1.370–2.075) <0.001

Medically treated MR (n=3365)
Hemoglobin (per 1g/L increase) 0.979 (0.975–0.983) <0.001 0.986 (0.981–0.991) <0.001
Anemia (vs no) 2.374 (1.951–2.889) <0.001 1.705 (1.377–2.111) <0.001

MVI (n=974)†

Hemoglobin (per 1g/L increase) 0.993 (0.972–1.016) 0.555 1.022 (0.994–1.052) 0.131
Anemia (vs no) 1.987 (0.830–4.755) 0.123 1.158 (0.441–3.040) 0.765

Heart failure (n=3148)
Hemoglobin (per 1g/L increase) 0.977 (0.973–0.982) <0.001 0.989 (0.984–0.995) <0.001
Anemia (vs no) 2.662 (2.162–3.278) <0.001 1.628 (1.297–2.045) <0.001

No heart failure (n=1191)
Hemoglobin (per 1g/L increase) 0.976 (0.966–0.987) <0.001 0.978 (0.965–0.990) <0.001
Anemia (vs no) 2.565 (1.592–4.134) <0.001 1.792 (1.059–3.032) 0.030

NYHA I (n=1249)
Hemoglobin (per 1g/L increase) 0.976 (0.965–0.986) <0.001 0.978 (0.965–0.990) <0.001
Anemia (vs no) 2.524 (1.577–4.039) <0.001 1.728 (1.028–2.905) 0.039

NYHA II–IV (n=3090)
Hemoglobin (per 1g/L increase) 0.978 (0.973–0.982) <0.001 0.989 (0.984–0.994) <0.001
Anemia (vs no) 2.679 (2.174–3.301) <0.001 1.649 (1.313–2.072) <0.001

LA≥55mm (n=753)
Hemoglobin (per 1g/L increase) 0.985 (0.977–0.994) <0.001 0.993 (0.982–1.004) 0.231
Anemia (vs no) 2.004 (1.351–2.973) <0.001 1.231 (0.777–1.949) 0.376

LA<55mm (n=3586)
Hemoglobin (per 1g/L increase) 0.975 (0.970–0.980) <0.001 0.986 (0.981–0.992) <0.001

Anemia (vs no) 2.864 (2.301–3.563) <0.001 1.751 (1.381–2.221) <0.001

LVEF>60% (n=1151)
Hemoglobin (per 1g/L increase) 0.973 (0.963–0.983) <0.001 0.994 (0.980–1.008) 0.414

Anemia (vs no) 3.272 (1.990–5.380) <0.001 1.602 (0.904–2.839) 0.107

LVEF≤60% (n=3188)
Hemoglobin (per 1g/L increase) 0.978 (0.974–0.983) <0.001 0.986 (0.980–0.991) <0.001

Anemia (vs no) 2.459 (2.000–3.024) <0.001 1.720 (1.374–2.153) <0.001

NT-proBNP≥2034‡ (n=1411)
Hemoglobin (per 1g/L increase) 0.983 (0.977–0.988) <0.001 0.991 (0.984–0.997) 0.003

Anemia (vs no) 2.115 (1.654–2.705) <0.001 1.583 (1.209–2.073) <0.001

NT-proBNP<2034 (n=1408)
Hemoglobin (per 1g/L increase) 0.985 (0.973–0.998) 0.026 0.990 (0.975–1.006) 0.215

Anemia (vs no) 1.746 (1.027–2.968) 0.039 1.320 (0.739–2.358) 0.347

Isolated MR (n=2677)
Hemoglobin (per 1g/L increase) 0.974 (0.968–0.980) <0.001 0.982 (0.975–0.990) <0.001

Anemia (vs no) 2.995 (2.291–3.916) <0.001 1.850 (1.375–2.489) <0.001

MR+TR (n=1662)
Hemoglobin (per 1g/L increase) 0.982 (0.977–0.988) <0.001 0.991 (0.984–0.998) 0.012

Anemia (vs no) 2.202 (1.678–2.890) <0.001 1.611 (1.196–2.168) 0.002

Moderate MR (n=2692)
Hemoglobin (per 1g/L increase) 0.979 (0.974–0.984) <0.001 0.988 (0.982–0.995) <0.001

Anemia (vs no) 2.259 (1.781–2.865) <0.001 1.455 (1.123–1.884) 0.005

(Continued)
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cause mortality: mild anemia vs no anemia, adjusted HR [95% CI], 1.554 [1.227–1.969], P < 0.001; moderate anemia vs no 
anemia, adjusted HR [95% CI], 1.780 [1.344–2.356], P < 0.001; severe anemia vs no anemia, adjusted HR [95% CI], 3.313 
[2.046–5.364], P < 0.001; composite endpoint: mild anemia vs no anemia, adjusted HR [95% CI], 1.360 [1.127–1.641], P = 
0.001; moderate anemia vs no anemia, adjusted HR [95% CI], 1.734 [1.390–2.165], P < 0.001; severe anemia vs no anemia, 
adjusted HR [95% CI], 2.417 [1.552–3.766], P < 0.001).

Association of Anemia and Hemoglobin with Outcomes in Subgroups of Patients
Of 3365 patients with medically managed MR, 404 (12.0%) died during a median follow-up of 732 (613–749) days, and the 
cumulative one-year and two-year survival was 90.4% and 85.8%, respectively. In multivariable analyses, both anemia and the 
hemoglobin level were independently associated with mortality in patients under medial management (Table 2; anemia, 
adjusted HR [95% CI], 1.705 [1.377–2.111], P < 0.001; hemoglobin, adjusted HR [95% CI], 0.986 [0.981–0.991], P < 0.001), 

Table 2 (Continued). 

Univariable Analysis Multivariable Analysis*

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

Severe MR (n=1647)
Hemoglobin (per 1g/L increase) 0.974 (0.967–0.981) <0.001 0.983 (0.975–0.991) <0.001
Anemia (vs no) 3.494 (2.530–4.827) <0.001 2.281 (1.601–3.248) <0.001

Primary VHD (n=1692)
Hemoglobin (per 1g/L increase) 0.971 (0.964–0.978) <0.001 0.986 (0.977–0.994) <0.001
Anemia (vs no) 3.779 (2.684–5.321) <0.001 1.974 (1.363–2.858) <0.001

Secondary VHD (n=2519)
Hemoglobin (per 1g/L increase) 0.981 (0.976–0.987) <0.001 0.990 (0.984–0.997) 0.003
Anemia (vs no) 2.157 (1.700–2.736) <0.001 1.505 (1.156–1.960) 0.002

Notes: *Adjusted for age, sex, BMI, smoking status, hypertension, hyperlipidemia, diabetes, coronary artery disease, 
cardiomyopathy, atrial fibrillation or flutter, chronic lung disease, chronic kidney disease, NYHA functional class (I–II/III–IV), 
creatinine, albumin, LA, LVEDD, LVEF, TR, pulmonary hypertension, severity of MR, and MVI. MVI, NYHA functional class, and 
TR were not adjusted in corresponding subgroup analyses. †Chronic lung disease and kidney disease were not adjusted in 
patients undergoing MVI because no event occurred in patients with these diseases. ‡The median level of NT-proBNP was 
used for the subgroup analysis. 
Abbreviations: MR, mitral regurgitation; MVI, mitral valve intervention; NYHA, New York Heart Association; LVEF, left 
ventricular ejection fraction; TR, tricuspid regurgitation; VHD, valvular heart disease; BMI, body mass index; LA, left atrial 
end-diastolic dimension; LVEDD, left ventricular end-diastolic dimension; HR, hazard ratio; CI, confidence interval.
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Figure 3 Kaplan-Meier curves according to the presence of anemia. (A) Kaplan-Meier curves for survival. (B) Kaplan-Meier curves for event-free survival.
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Table 3 Association of Anemia and Hemoglobin with the Composite Outcome

Univariable analysis Multivariable analysis*

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

Total cohort (n=4339)
Hemoglobin (per 1g/L increase) 0.982 (0.979–0.986) <0.001 0.990 (0.986–0.994) <0.001
Anemia (vs no) 2.152 (1.852–2.499) <0.001 1.509 (1.283–1.775) <0.001

Medically treated MR (n=3365)
Hemoglobin (per 1g/L increase) 0.984 (0.981–0.988) <0.001 0.989 (0.985–0.993) <0.001
Anemia (vs no) 1.898 (1.627–2.213) <0.001 1.500 (1.269–1.773) <0.001

MVI (n=974)†

Hemoglobin (per 1g/L increase) 0.989 (0.973–1.006) 0.200 1.007 (0.987–1.028) 0.488
Anemia (vs no) 2.137 (1.097–4.162) 0.026 1.439 (0.704–2.941) 0.318

Heart failure (n=3148)
Hemoglobin (per 1g/L increase) 0.982 (0.978–0.985) <0.001 0.991 (0.987–0.995) <0.001
Anemia (vs no) 2.191 (1.862–2.580) <0.001 1.472 (1.232–1.758) <0.001

No heart failure (n=1191)
Hemoglobin (per 1g/L increase) 0.983 (0.975–0.992) <0.001 0.983 (0.972–0.993) 0.001
Anemia (vs no) 2.009 (1.378–2.931) <0.001 1.609 (1.059–2.443) 0.026

NYHA I (n=1249)
Hemoglobin (per 1g/L increase) 0.983 (0.974–0.992) <0.001 0.983 (0.973–0.993) 0.001
Anemia (vs no) 2.077 (1.439–2.999) <0.001 1.610 (1.073–2.415) 0.021

NYHA II–IV (n=3090)
Hemoglobin (per 1g/L increase) 0.982 (0.978–0.986) <0.001 0.991 (0.986–0.995) <0.001
Anemia (vs no) 2.184 (1.853–2.573) <0.001 1.474 (1.232–1.762) <0.001

LA≥55mm (n=753)
Hemoglobin (per 1g/L increase) 0.987 (0.980–0.994) <0.001 0.994 (0.985–1.003) 0.167
Anemia (vs no) 2.007 (1.449–2.781) <0.001 1.428 (0.987–2.067) 0.059

LA<55mm (n=3586)
Hemoglobin (per 1g/L increase) 0.981 (0.977–0.985) <0.001 0.989 (0.984–0.993) <0.001

Anemia (vs no) 2.189 (1.850–2.591) <0.001 1.500 (1.248–1.802) <0.001

LVEF>60% (n=1151)
Hemoglobin (per 1g/L increase) 0.976 (0.967–0.984) <0.001 0.997 (0.986–1.009) 0.656

Anemia (vs no) 2.990 (1.998–4.473) <0.001 1.415 (0.893–2.242) 0.140

LVEF≤60% (n=3188)
Hemoglobin (per 1g/L increase) 0.983 (0.980–0.987) <0.001 0.988 (0.984–0.993) <0.001

Anemia (vs no) 1.965 (1.672–2.309) <0.001 1.513 (1.270–1.804) <0.001

NT-proBNP≥2034‡ (n=1411)
Hemoglobin (per 1g/L increase) 0.986 (0.981–0.990) <0.001 0.990 (0.985–0.995) <0.001

Anemia (vs no) 1.859 (1.520–2.274) <0.001 1.573 (1.262–1.960) <0.001

NT-proBNP<2034 (n=1408)
Hemoglobin (per 1g/L increase) 0.993 (0.983–1.002) 0.135 0.995 (0.984–1.006) 0.402

Anemia (vs no) 1.269 (0.847–1.901) 0.249 1.022 (0.655–1.595) 0.923

Isolated MR (n=2677)
Hemoglobin (per 1g/L increase) 0.979 (0.974–0.984) <0.001 0.985 (0.979–0.991) <0.001

Anemia (vs no) 2.369 (1.930–2.908) <0.001 1.566 (1.248–1.965) <0.001

MR+TR (n=1662)
Hemoglobin (per 1g/L increase) 0.987 (0.982–0.992) <0.001 0.994 (0.989–1.000) 0.049

Anemia (vs no) 1.841 (1.478–2.292) <0.001 1.421 (1.120–1.802) 0.004

Moderate MR (n=2692)
Hemoglobin (per 1g/L increase) 0.984 (0.980–0.988) <0.001 0.991 (0.986–0.996) <0.001

Anemia (vs no) 1.951 (1.623–2.346) <0.001 1.402 (1.148–1.713) <0.001

(Continued)
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and they were also significant predictors of the composite outcome (Table 3; anemia, adjusted HR [95% CI], 1.500 [1.269
–1.773], P < 0.001; hemoglobin, adjusted HR [95% CI], 0.989 [0.985–0.993], P < 0.001). The prognostic values of anemia and 
hemoglobin remained significant regardless of the diagnosis of heart failure, symptomatic status, TR, severity of MR, etiology 
of valvular disease, and the presence of malnutrition, and were also robust in patients with LVEF ≤60% or NT-proBNP ≥ 2034 
pg/mL (Table 2 and Table 3; Supplementary Table 2). However, neither anemia nor the hemoglobin level was associated with 
outcomes in 974 patients undergoing mitral valve intervention or in those with LVEF > 60% after multivariable adjustment 
(Table 2 and Table 3). The two-year outcomes for the four groups stratified by the presence of anemia and severe MR were 
shown in Supplementary Figure 1.

Combined Prognostic Effects of Anemia and Other Parameters for Outcomes
Patients with both anemia and LA ≥ 55mm had the highest risk of all-cause mortality (Figure 4; Supplementary Table 3; 
anemia and LA ≥ 55mm vs neither, adjusted HR [95% CI], 2.669 [1.731–4.117], P < 0.001; anemia only vs neither, 
adjusted HR [95% CI], 1.791 [1.417–2.264], P < 0.001; LA ≥ 55mm only vs neither, adjusted HR [95% CI], 2.087 
[1.394–3.125], P<0.001), and the composite endpoint (anemia and LA ≥ 55mm vs neither, adjusted HR [95% CI], 1.933 
[1.366–2.736], P < 0.001; anemia only vs neither, adjusted HR [95% CI], 1.518 [1.267–1.818], P < 0.001; LA ≥ 55mm 
only vs neither, adjusted HR [95% CI], 1.354 [0.983–1.867], P = 0.064), compared with those with one or neither of risk 
factors. Similarly, concomitant anemia and LVEF ≤ 60% was independently associated with poorer outcomes (Figure 4; 
Supplementary Table 3). The combined prognostic effects of anemia and NT-proBNP or GNRI were also pronounced 
(Figure 5 and Supplementary Figure 2; Supplementary Table 3).

Incremental Prognostic Value of Anemia
The inclusion of anemia status to the EuroSCORE II system significantly enhanced its prediction of mortality in patients 
with MR (Supplementary Table 4; NRI [95% CI]: 0.235 [0.180–0.285], P < 0.001; IDI [95% CI]: 0.026 [0.015–0.040], 
P < 0.001; likelihood ratio test P < 0.001). An improvement of risk assessment was also observed after adding anemia 
status to the MAGGIC score (Supplementary Table 4; NRI [95% CI]: 0.236 [0.186–0.291], P < 0.001; IDI [95% CI]: 
0.011 [0.004–0.021], P < 0.001; likelihood ratio test P < 0.001). Moreover, when introducing anemia status to the 
adjusted model of the present study, similar results were obtained (Supplementary Table 4).

Table 3 (Continued). 

Univariable analysis Multivariable analysis*

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

Severe MR (n=1647)
Hemoglobin (per 1g/L increase) 0.979 (0.973–0.985) <0.001 0.986 (0.979–0.993) <0.001
Anemia (vs no) 2.598 (2.005–3.366) <0.001 1.820 (1.373–2.412) <0.001

Primary VHD (n=1692)
Hemoglobin (per 1g/L increase) 0.977 (0.971–0.982) <0.001 0.990 (0.983–0.997) 0.007
Anemia (vs no) 2.894 (2.208–3.794) <0.001 1.596 (1.192–2.138) 0.002

Secondary VHD (n=2519)
Hemoglobin (per 1g/L increase) 0.986 (0.982–0.990) <0.001 0.991 (0.985–0.996) <0.001
Anemia (vs no) 1.789 (1.487–2.152) <0.001 1.438 (1.173–1.763) <0.001

Notes: *Adjusted for age, sex, BMI, smoking status, hypertension, hyperlipidemia, diabetes, coronary artery disease, 
cardiomyopathy, atrial fibrillation or flutter, chronic lung disease, chronic kidney disease, NYHA functional class (I–II/III–IV), 
creatinine, albumin, LA, LVEDD, LVEF, TR, pulmonary hypertension, severity of MR, and MVI. MVI, NYHA functional class, and 
TR were not adjusted in corresponding subgroup analyses. †Chronic kidney disease were not adjusted in patients undergoing 
MVI because no event occurred in patients with chronic kidney disease. ‡The median level of NT-proBNP was used for the 
subgroup analysis. 
Abbreviations: MR, mitral regurgitation; MVI: mitral valve intervention; NYHA, New York Heart Association; LVEF, left 
ventricular ejection fraction; TR, tricuspid regurgitation; VHD, valvular heart disease; BMI, body mass index; LA, left atrial 
end-diastolic dimension; LVEDD, left ventricular end-diastolic dimension; HR, hazard ratio; CI: confidence interval.

https://doi.org/10.2147/IJGM.S509171                                                                                                                                                                                                                                                                                                                                                                                                                                        International Journal of General Medicine 2025:18 2312

Lv et al                                                                                                                                                                               

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/article/supplementary_file/509171/509171-Revised-Supplementary-Materials.docx
https://www.dovepress.com/article/supplementary_file/509171/509171-Revised-Supplementary-Materials.docx
https://www.dovepress.com/article/supplementary_file/509171/509171-Revised-Supplementary-Materials.docx
https://www.dovepress.com/article/supplementary_file/509171/509171-Revised-Supplementary-Materials.docx
https://www.dovepress.com/article/supplementary_file/509171/509171-Revised-Supplementary-Materials.docx
https://www.dovepress.com/article/supplementary_file/509171/509171-Revised-Supplementary-Materials.docx
https://www.dovepress.com/article/supplementary_file/509171/509171-Revised-Supplementary-Materials.docx
https://www.dovepress.com/article/supplementary_file/509171/509171-Revised-Supplementary-Materials.docx
https://www.dovepress.com/article/supplementary_file/509171/509171-Revised-Supplementary-Materials.docx


Discussion
In this large, multicenter, observational cohort study of 4339 patients with significant MR, we investigated the prevalence 
of anemia, as well as its impact on two-year outcomes. The present study showed that anemia was present in 33.1% of 
patients with MR, and both anemia presence and the hemoglobin level were independently associated with all-cause 
mortality and the composite endpoint of death or HHF. The combination of anemia with left atrial enlargement, impaired 
left ventricular systolic function, a high NT-proBNP level, or malnutrition was associated with significantly poorer 
prognosis. In patients with significant MR, anemia status provided complementary prognostic value beyond EuroSCORE 
II and the MAGGIC risk score, and had the potential to guide clinical risk stratification, as well as being a therapeutic 
target for improving outcomes.
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Figure 4 Combined prognostic effects of anemia with LA≥55mm and LVEF≤60%. (A) Combined effect of anemia with LA≥55mm for survival. (B) Combined effect of anemia 
with LA≥55mm for event-free survival. (C) Combined effect of anemia with LVEF≤60% for survival. (D) Combined effect of anemia with LVEF≤60% for event-free survival. 
Group I: patients without anemia or LA≥55mm (LVEF≤60%); Group II: patients with LA≥55mm (LVEF≤60%) only; Group III: patients with anemia only; Group IV: patients 
with both anemia and LA≥55mm (LVEF≤60%). 
Abbreviations: LA, left atrial end-diastolic dimension; LVEF, left ventricular ejection fraction.
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Both VHD and anemia are closely related to the aging process,33,34 and it is warranted to infer that the co-existence of 
these two disorders will continue to increase in general population. However, the prevalence of anemia in VHD is 
generally under-investigated so far. Although several studies conducted in TMVI candidates reported a prevalence of 
19.6%–58.7% for anemia,14–18,35 scarce evidence indicated the distribution of anemic individuals in MR patients 
regardless of therapeutic strategy, and data were particularly limited in Asian population. Our study found that anemic 
patients accounted for approximately one third of population with moderate or greater MR, which was similar with the 
data of the study conducted in the BIOSTAT-CHF (A systems BIOlogy Study to TAilored Treatment in Chronic Heart 
Failure) cohort (36.2%).36 This could be explained by the high proportion (72.6%) of patients with the diagnosis of heart 
failure in our study population. To our best knowledge, the current study for the first time revealed a high prevalence of 
anemia in a large, Chinese cohort of both medically managed and corrected MR, which called for more attention to this 
blood disorder in clinical management and research of mitral valve disease.

In the present study, we found that anemia was an independent predictor of outcomes in patients with significant MR. 
Compared with those without anemia, anemic patients had a nearly 70% higher risk of two-year mortality. Meanwhile, 
analyzed as a continuous variable, the increasing hemoglobin level was significantly and monotonically associated with 
a lower risk of adverse events. These results were generally in line with some previous findings in patients undergoing 
TMVI.14,15,17,37 However, our study extended to previous work by examining the relationship of anemia with outcomes in 
a large, prospectively enrolled, representative cohort of MR population, which for the first time enabled comprehensive 
analyses in various subgroups of patients. The prognostic value of anemia was significant in patients with conservatively 
managed MR and was consistent regardless of symptomatic status (NYHA I/II–IV), heart failure diagnosis, severity of MR, 
and etiology of valvular disease. Nevertheless, anemia was only related to poor outcomes in patients with LVEF ≤ 60% or NT- 
proBNP ≥ 2034pg/mL, rather than in those with normal left-sided systolic function, which was most likely explained by the 
notion that maintaining sufficient cardiac function was crucial to compensate for tissue hypoxia caused by anemia and mitigate 
its negative impact on outcomes. Based on this finding, we speculate that the cardio-anemia interaction is a clinically relevant 
pathophysiological process in the course of MR and acts as a major driver of prognosis.

Regarding the association of anemia with outcomes, an important issue is that whether its prognostic value is 
independent of malnutrition, which is also frequently present in patients with MR and significantly impairs survival.30 

The present study filled this knowledge gap by investigating the prognostic significance of anemia in MR with 
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Figure 5 Combined prognostic effect of anemia with NT-proBNP. (A) Combined effect of anemia with NT-proBNP for survival. (B) Combined effect of anemia with NT- 
proBNP for event-free survival. Group I: patients without anemia or NT-proBNP≥2034; Group II: patients with NT-proBNP≥2034 only; Group III: patients with anemia only; 
Group IV: patients with both anemia and NT-proBNP≥2034. NT-proBNP: N-terminal pro-B-type natriuretic peptide.
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consideration of the potential impact from nutritional status. We found that the hemoglobin level was only modestly 
correlated with albumin and GNRI, which was a nutritional risk score recently validated in secondary MR,30 and 
confirmed the robust prognostic value of anemia in patients with or without malnutrition, respectively. All these results 
implied that anemia itself, as a hematologic parameter, should be considered as a prognostic factor in patients with 
significant MR, instead of a pure surrogate marker of poor nutrition or frailty.

Another novel finding of this study was that MR patients with both anemia and left atrial dilatation or impaired left 
ventricular function had significantly poorer outcomes, in comparison with those with one or neither of indices. In the 
management of MR, current guidelines underscored the importance of left cardiac dimensions and function to inform 
clinical decision-making.21,22 However, recent studies, including those adopting machine learning techniques for feature 
selection, found that blood parameters could effectively complement or even perform beyond well-known echocardio
graphic indices in risk stratification of MR.25,38,39 Besides assessing other prognostic indicators, the additional detection 
of anemia may assist in identifying individuals at a higher risk for intensive therapy and close monitoring. Notably, our 
analysis also demonstrated that the anemia status provided incremental value over the MAGGIC risk score as well as the 
surgical risk assessment model, which further supported its unique prognostic role in routine clinical practice.

The high event risk associated with anemia raises the question of whether anemia itself could serve as a therapeutic 
target to improve prognosis in patients with MR. In clinical practice, active screening for the underlying causes of anemia 
in MR patients should be prioritized as the initial step to guide subsequent management of anemia. The updated 
European Society of Cardiology guidelines for heart failure recommended intravenous iron supplementation in sympto
matic patients with heart failure and reduced ejection fraction or mildly reduced ejection fraction, and iron deficiency, to 
alleviate heart failure symptoms and improve quality of life.40 Intravenous iron therapy should also be considered to 
reduce the risk of heart failure hospitalization.40 Notably, the benefits associated with intravenous iron therapy in patients 
with chronic heart failure and iron deficiency were found to be independent of anemia presence,41 and a prior 
randomized, double-blind trial showed that treatment with darbepoetin alfa failed to improve clinical outcomes and 
was related to a higher risk of thromboembolic adverse events in patients with systolic heart failure and anemia.42 The 
sodium-glucose co-transporter 2 (SGLT2) inhibitor is one of the guideline-recommended ‘Fantastic Four’ medications 
for the treatment of heart failure.40,43,44 A post-hoc analysis of the placebo-controlled Dapagliflozin And Prevention of 
Adverse-outcomes in Heart Failure (DAPA-HF) trial found that dapagliflozin corrected anemia more often compared 
with placebo and improved outcomes regardless of baseline anemia status in patients with heart failure and reduced 
ejection fraction.45 The mechanisms of the beneficial effects of SGLT2 inhibitors on anemia include improving iron 
utilization efficiency and increasing erythropoietin levels through the restoration of fibroblast-like function in the renal 
tubular interstitium.46–49 On the other hand, the Ertugliflozin for Functional Mitral Regurgitation (EFFORT) trial 
demonstrated that ertugliflozin significantly improved left ventricular global longitudinal strain and left atrial remodeling, 
and reduced functional MR in patients with heart failure and functional MR.50 In light of all these benefits of the SGLT2 
inhibitor, it may be the most promising medication for MR patients with anemia. Dedicated large randomized controlled 
trials should be conducted to assess the impact of SGLT2 inhibitors on anemia as well as prognosis in patients with MR.

Limitations
Several limitations should be noted in the current analysis. First, this was an observational cohort study. Unmeasured confounders 
might exist and affect the present findings. However, in comparison with previous work, this study represented a crucial step 
demonstrating the prognostic impact of anemia in MR, with a large sample size, rigorous adjustment, and comprehensive 
analysis. Second, the specific interventions for anemia were not collected in the China-VHD study, and therefore we could not 
evaluate their potential values for improving outcomes in patients with MR. Such problem may only be solved in future 
randomized controlled trials. Third, in recent years, a series of studies have confirmed the therapeutic effects of SGLT2 inhibitors 
on anemia in patients with heart failure.45,48 However, the China-VHD study (as well as the current analysis) did not include data 
on the use of SGLT2 inhibitors, because they were not widely adopted for the treatment of heart failure or VHD during the design 
phase of the China-VHD study. Further studies are needed to elucidate the beneficial effects of SGLT2 inhibitors on anemia or 
iron deficiency in patients with MR. Fourth, the use of the mineralocorticoid receptor antagonist, which was also one of the 
guideline-recommended ‘Fantastic Four’ drugs for treating heart failure,40,43,44 was not documented in the China-VHD database, 
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so we could not perform analyses with consideration of this medication. Fifth, the prevalence of anemia was reported in a clinical 
registry cohort, instead of from a random sampling survey, and thus might be subject to bias. However, the China-VHD cohort 
was consecutively enrolled in 46 high-level academic hospitals across mainland China,23 and could be representative of VHD 
patients in routine clinical practice. Sixth, the history of heart failure-related hospitalizations and some echocardiographic indices, 
such as e’ and E/e’, were not collected in the China-VHD study. Finally, the China-VHD database did not include data on the 
etiology of anemia, so the detailed causes of anemia were not discriminated in the current analysis and the prognostic significance 
of anemia was not analyzed according to its etiology. Previous studies focusing on patients with heart failure showed that over 
70% of anemia in heart failure was attributed to iron deficiency,51 which was associated with malnutrition, renal disease, 
inflammation, fluid overload, malabsorption, and antiplatelet medications.36 Defective iron utilization and bone marrow 
suppression are also non-negligible causes of anemia.51–53 Although the mechanisms of the development of anemia in MR 
could not be clarified by the current analysis, our study suggested that anemia in patients with significant MR was related to 
malnutrition, inflammation, and cardio-renal-hepatic co-dysfunction, and demonstrated the independent prognostic impact of 
anemia in patients with or without malnutrition respectively.

Conclusions
Anemia was prevalent in patients with significant MR and was an independent predictor of two-year outcomes regardless of 
symptomatic status, the diagnosis of heart failure, severity of MR, and etiology of the valvular lesion. The combination of 
anemia with left atrial dilatation and impaired left ventricular systolic function identified high-risk individuals with sig
nificantly poor prognosis, and this blood disorder provided complementary value beyond the traditional risk prediction model 
as well as established prognostic indices. The detection of anemia may enable better clinical risk stratification in patients with 
MR, and the potential value of anemia correction should be evaluated in future research.
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