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BACKGROUND The epidemiology and management of valvular heart disease (VHD) have changed with economic

development and population aging in China in recent decades.

OBJECTIVES This study sought to understand the distribution, etiology, and presentation and assess the current

practice and outcomes of older patients with VHD in China.

METHODS The authors conducted the first nationwide survey of older patients with VHD between September and

December 2016 from 69 hospitals in 28 provinces and municipalities throughout China. Hospitalized patients over 60

years of age with moderate-to-severe VHD, infective endocarditis, or previous valvular intervention were consecutively

enrolled.

RESULTS Of 8,929 patients (median age of 69 years, 47.5% female), 8227 (92.1%) had native VHD. Mitral regurgitation

was the most prevalent single VHD (26.9% of native VHD), followed by tricuspid regurgitation (16.5%), aortic

regurgitation (10.6%), aortic stenosis (5.1%), and mitral stenosis (3.1%). Degenerative (37.2%), functional (21.8%), and

rheumatic (15.0%) etiologies were the 3 most common causes. Among symptomatic patients with severe VHD,

37.3% underwent valvular intervention. The intervention rates decreased significantly with age across all types of VHD

(Ptrend < 0.01). Valvular surgery covered 93.7% of interventions. The overall 1-year survival rate was 74.4% (95% CI:

63.4%-85.4%).

CONCLUSIONS This study provides a unique national insight into the contemporary spectrum and management of

older VHD patients in China. With the increase in the health care demand, more resources and efforts are required

for early detection, effective intervention, and targeting innovation on advanced therapeutic techniques and devices

to improve the outcomes. (JACC: Asia 2022;2:354–365) © 2022 The Authors. Published by Elsevier on behalf of

the American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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AB BR EV I A T I O N S

AND ACRONYM S

AR = aortic regurgitation

AS = aortic stenosis

CT = computed tomography

LVEF = left ventricular

ejection fraction

MR = mitral regurgitation

MS = mitral stenosis

RHD = rheumatic heart disease

TAVR = transcatheter aortic

valve replacement

TR = tricuspid regurgitation

VHD = valvular heart disease

J A C C : A S I A , V O L . 2 , N O . 3 , 2 0 2 2 Xu et al
J U N E 2 0 2 2 : 3 5 4 – 3 6 5 Older Valvular Heart Disease in China

355
V alvular heart disease (VHD) represents a
growing serious public health problem; early
detection and intervention improve sur-

vival.1-6 Disparities exist in the epidemiology and
management of VHD across countries, especially be-
tween industrialized and developing countries.1-5,7

Moreover, the distribution, characteristics, and treat-
ments have changed over time within nations.4,5,8,9

In China, the incidence of rheumatic VHD has
decreased significantly, whereas degenerative and
ischemic VHDs have increased in recent years due to
rapid economic growth and population aging.4,5,10,11

Less invasive transcatheter techniques have
emerged as alternatives to traditional valve surgery.
Transcatheter aortic valve replacement (TAVR), as
one of the representative techniques, was introduced
to China in 2010 but was not commercially available
until 2017. Therefore, it is essential to understand the
contemporary characteristics and clinical practice of
VHD before novel techniques change the treatment
pattern so as to allocate health resources accordingly
and target the innovation and translational research.
However, to date, there are no nationwide data on
VHD in China. The prevalence and complexity of VHD
increase in older people, which affects decision
making.4,6,7,12,13 Technical advances have increased
the availability of interventions for them. This pop-
ulation is of particular interest for research and health
care.1-4 Therefore, we designed the first national
survey of older patients with VHD to understand the
contemporary spectrum, characteristics, treatments,
and outcomes of VHD in China during a period of
economic transition and population aging.

METHODS

STUDY DESIGN. The China-DVD (China Elderly Valve
Disease) study is a prospective, nationwide, multi-
center cohort study of older inpatients with moderate
or severe VHD (NCT02865798). The participating sites
were required to consecutively enroll inpatients who
met the inclusion criteria. Recruitment was per-
formed from September to December 2016. Follow-up
was done personally or telephonically at 6 and
12 months. This project was approved by the central
and site Institutional Review Board or Ethics Com-
mittees. Written informed consent was obtained from
eligible patients before registration.

INCLUSION CRITERIA AND DIAGNOSTIC DEFINITIONS.

All hospitalized patients $60 years of age who had
clinically significant (moderate or severe) native
valvular disease as defined by echocardiography,
suspected or definite endocarditis based on the Duke
criteria, or previous valvular intervention
(percutaneous balloon dilatation, trans-
catheter intervention, valve repair, valve
replacement) in the Departments of Cardiol-
ogy or Cardiac Surgery were enrolled.
Detailed criteria for clinically significant
native VHD were the following: aortic steno-
sis (AS) with a valve area of #1.5 cm2 or a
maximal jet velocity of $3 m/s or a mean
pressure gradient of $20 mm Hg, aortic
regurgitation (AR) with a grade of $2/4,
mitral stenosis (MS) with a valve area
of #2.0 cm2, mitral regurgitation (MR) with a
grade of $2/4, pulmonary stenosis, pulmo-
nary regurgitation, tricuspid stenosis, and

tricuspid regurgitation (TR) with a moderate or severe
grade. Severe VHD was defined as with a valve area
of #1.0 cm2 or a maximal jet velocity of $4 m/s or
mean pressure gradient of $40 mm Hg, AR with a
regurgitation grade of $3/4, MS with a valve area
of #1.5 cm2, MR with a regurgitation grade of $3/4,
pulmonary stenosis with a maximal jet velocity
of $4 m/s, PR with a severe grade, tricuspid stenosis
with a valve area of #1.0 cm2 or pressure gradient
of $5 mm Hg, and TR with severe grade.

Native VHD was characterized by no previous
valvular intervention. Single native VHD was defined
as only 1 affected valve without any other significant
valve disease. Isolated native VHD was defined as a
stenotic or regurgitant lesion on a single valve, and
mixed VHD was defined as both significant stenosis
and regurgitation on a single valve. Multiple native
VHD was characterized by the combination of at least
moderate stenotic or regurgitant lesions on $2 valves.
Severe multiple VHD was defined by the presence of
severe lesions on at least 1 valve.

SITE SELECTION, STARTUP, AND INVESTIGATOR

TRAINING. The invited hospitals have both a
Department of Cardiology and a Department of Car-
diac Surgery with experienced staff for VHD diag-
nosis, assessment, and management. Eight hospitals
withdrew due to the inability to consecutively enroll
eligible patients. Finally, the study included 69 large
academic hospitals from 28 provinces and munici-
palities throughout mainland China (Supplemental
Methods, Supplemental Figure 1). This list of partici-
pating hospitals would ensure broad geographic
coverage, accurate diagnoses, and representation of
the current status of the management of VHD pa-
tients. The kick-off investigator meetings and
training workshops were held on site. All local in-
vestigators received detailed training on the
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TABLE 1 Characteristics of Older Patients With Valvular Heart Disease

Total
(N ¼ 8,929)

Native Valvular Disease
Previous Valve
Intervention
(n ¼ 702) P Value

AS
(n ¼ 419)

AR
(n ¼ 875)

ASþAR
(n ¼ 186)

MS
(n ¼ 256)

MR
(n ¼ 2,209)

MSþMR
(n ¼ 109)

Right Sided
(n ¼ 1,384)

Multiple
(n ¼ 2,789)

Age, y 69 (64-76) 69 (65-76) 69 (64-74) 68 (64 -73) 65 (60-69) 69 (64-70) 65 (62-70) 73 (66-79) 70 (65-77) 67 (63-71) <0.001

Age $80 y 1,270 (14.2) 58 (13.8) 86 (9.8) 17 (9.1) 13 (5.1) 274 (12.4) 2 (1.8) 329 (23.8) 468 (16.8) 23 (3.3) <0.001

Female 4,239 (47.5) 154 (36.8) 271 (71.0) 68 (36.6) 182 (71.1) 1,029 (46.6) 84 (77.1) 689 (49.8) 1365 (48.9) 397 (56.6) <0.001

Symptom 7,982 (89.4) 387 (92.4) 748 (85.5) 173 (93.0) 237 (92.6) 1,996 (90.4) 105 (96.3) 1,178 (85.1) 2,550 (91.4) 608 (86.6) <0.001

NYHA functional
class

8,671 393 821 176 246 2,122 99 1,328 2,711 675 <0.001

I 1,909 (22.0) 54 (13.7) 250 (30.5) 17 (9.7) 27 (11.0) 466 (22.0) 7 (7.1) 478 (36.0) 382 (14.1) 128 (19.0)

II 2,242 (25.8) 126 (32.1) 261 (31.8) 48 (27.3) 74 (30.1) 583 (27.5) 31 (31.3) 368 (27.7) 581 (21.4) 170 (25.2)

III 3,223 (37.2) 168 (42.7) 261 (31.8) 85 (48.3) 119 (48.4) 748 (35.2) 49 (49.5) 346 (26.1) 1,178 (43.5) 269 (39.9)

IV 1,297 (15.0) 45 (11.5) 49 (6.0) 26 (14.8) 26 (10.6) 325 (15.3) 12 (12.1) 136 (10.2) 570 (21.0) 108 (16.0)

Angina 2,486 (27.8) 139 (33.2) 317 (36.2) 51 (27.4) 34 (13.3) 853 (38.6) 14 (14.5) 389 (28.1) 606 (21.7) 83 (11.8) <0.001

Syncope 387 (4.3) 37 (8.8) 36 (4.1) 15 (8.1) 10 (3.9) 78 (3.5) 1 (0.9) 73 (5.3) 110 (3.9) 27 (3.9) <0.001

Smoking 2,627 (29.4) 161(38.4) 333 (38.1) 65 (35.0) 49 (19.1) 686 (31.1) 20 (18.4) 386 (27.9) 779 (27.9) 148 (21.1) <0.001

Hypertension 4,658 (52.2) 207 (49.4) 580 (66.3) 91 (48.9) 80 (31.3) 1,319 (59.7) 35 (32.1) 766 (55.4) 1315 (47.2) 265 (37.8) <0.001

Dyslipidemia 662 (7.4) 61 (14.6) 70 (8.0) 29 (15.6) 17 (6.6) 205 (9.3) 5 (4.6) 88 (6.4) 139 (5.0) 48 (6.8) <0.001

Diabetes 1,726 (19.3) 88 (21.0) 97 (11.1) 23 (12.4) 40 (15.6) 599 (27.1) 12 (11.0) 255 (18.4) 482 (17.3) 130 (18.5) <0.001

CAD 2,902 (32.5) 132 (31.5) 303 (34.6) 34 (18.3) 46 (18.0) 989 (44.8) 13 (11.9) 440 (31.8) 809 (29.0) 136 (19.4) <0.001

Prior MI 808 (9.0) 16 (3.8) 67 (7.7) 5 (2.7) 4 (1.6) 369 (16.7) 4 (3.7) 107 (7.7) 218 (7.8) 18 (2.6) <0.001

Prior PCI 989 (11.1) 37 (8.8) 98 (11.2) 10 (5.4) 6 (2.3) 397 (18.0) 4 (3.7) 158 (11.4) 247 (8.9) 32 (4.6) <0.001

Prior CABG 288 (3.2) 12 (2.9) 9 (1.0) 3 (1.6) 1 (0.4) 79 (3.6) 2 (1.8) 32 (2.3) 72 (2.6) 78 (11.1) <0.001

Atrial fibrillation 3,313 (37.1) 35 (8.4) 115 (13.1) 19 (10.2) 149 (58.2) 515 (23.3) 70 (64.2) 612 (44.2) 1377 (49.4) 421 (60.0) <0.001

Aortic disease 430 (4.8) 60 (14.3) 97 (11.1) 26 (14.0) 8 (3.1) 47 (2.1) 5 (4.6) 19 (1.4) 117 (4.2) 51 (7.3) <0.001

PAD 364 (4.1) 25 (6.0) 37 (4.2) 9 (4.8) 5 (2.0) 95 (4.3) 4 (3.7) 74 (5.4) 93 (3.3) 22 (3.1) 0.020

Prior stroke 1,050 (11.8) 45 (10.7) 97 (11.1) 16 (8.6) 33 (12.9) 246 (11.1) 16 (14.7) 178 (12.9) 333 (11.9) 86 (12.3) 0.471

COPD 487 (5.5) 19 (4.5) 48 (5.5) 16 (8.6) 13 (5.1) 98 (4.4) 3 (2.8) 108 (7.8) 156 (5.6) 26 (3.7) 0.001

Renal insufficiency 644 (7.2) 28 (6.7) 46 (5.3) 12 (6.5) 6 (2.3) 166 (7.5) 6 (5.5) 83 (6.0) 238 (8.5) 59 (8.4) 0.007

Values are median (IQR), n (%), or n. P values are tested for characteristics among patients with different types of native valvular diseases.

AR ¼ aortic regurgitation ¼ AS ¼ aortic stenosis; CABG ¼ coronary artery bypass grafting; CAD ¼ coronary artery disease; COPD ¼ chronic obstructive pulmonary disease; MI ¼ myocardial infarction;
MR ¼ mitral regurgitation; MS ¼ mitral stenosis; NYHA ¼ New York Heart Association; PAD ¼ peripheral artery disease; PCI ¼ percutaneous coronary intervention; PR ¼ pulmonary regurgitation;
PS ¼ pulmonary stenosis; TR ¼ tricuspid regurgitation; TS ¼ tricuspid stenosis.
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protocols and data collection. A standard echocardi-
ography protocol was provided to operators and re-
porters at participating sites.

STUDY VARIABLES AND DATA COLLECTION.

Data variables with standard definitions included
patient demographics, comorbidities, medical his-
tory, presentation, investigations, etiology, inter-
ventions, complications, medications, and outcomes.
Vital status, rehospitalization, and intervention
were collected during follow-up. The etiologies of
VHD were classified based on clinical context,
echocardiography, computed tomography (CT), and
surgical findings (if available). Multiple etiologies
were defined if multiple valve lesions had at least
2 causes.

Data collection was performed by trained cardiol-
ogy fellows, junior cardiologists, or cardiothoracic
surgeons at each site to ensure data accuracy and
reliability. Site investigators were required to collect
the data during the hospitalization and complete all
the information in case report form upon the patient’s
discharge or death. We also requested the sites to
scan the medical records and echocardiography re-
ports and send them to coordinator center of the
study as resource documents for check. Randomly
sampled sites received on-site audit. In addition,
echocardiography videos of randomly sampled pa-
tients were reviewed and validated blindly at core
echocardiography lab. Detailed data management and
rigorous quality control are shown in the Supple-
mental Methods.

STATISTICAL ANALYSIS. Patient characteristics,
management, and outcomes were demonstrated and
compared among different types of VHD. Interven-
tion rates during the index hospitalization were
calculated across different types of VHD among all
patients, symptomatic patients with severe VHD,
severe VHD patients with left ventricular ejection

https://doi.org/10.1016/j.jacasi.2021.11.013
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TABLE 2 Distribution of Older Patients With Valvular Heart Disease

Total
(N ¼ 8,929)

Native Valve
Disease

(n ¼ 8,227)

Previous
Intervention
(n ¼ 702)

Isolated aortic stenosis 430 (4.8) 419 (5.1) 11 (1.6)

Moderate 128 (1.4) 125 (1.5) 3 (0.4)

Severe 302 (3.4) 294 (3.6) 8 (1.1)

Isolated aortic regurgitation 894 (10.0) 875 (10.6) 19 (2.7)

Moderate 642 (7.2) 631 (7.7) 11 (1.6)

Severe 252 (2.8) 244 (3.0) 8 (1.1)

Mixed aortic stenosis and regurgitation 189 (2.1) 186 (2.3) 3 (0.4)

Moderate 48 (0.5) 47 (0.6) 1 (0.1)

Severe 141 (1.6) 139 (1.7) 2 (0.3)

Isolated mitral stenosis 287 (3.2) 256 (3.1) 31 (4.4)

Moderate 168 (1.9) 149 (1.8) 19 (2.7)

Severe 119 (1.3) 107 (1.3) 12 (1.7)

Isolated mitral regurgitation 2,248 (25.2) 2,209 (26.9) 39 (5.6)

Moderate 1,616 (18.1) 1,594 (19.4) 22 (3.1)

Severe 632 (7.1) 615 (7.5) 17 (2.4)

Mixed mitral stenosis and regurgitation 121 (1.4) 109 (1.3) 12 (1.7)

Moderate 75 (0.8) 67 (0.8) 8 (1.1)

Severe 46 (0.5) 42 (0.5) 4 (0.6)

Isolated pulmonary stenosis 4 (0.0) 4 (0.1) 0

Moderate 2 (0.0) 2 (0.0) 0

Severe 2 (0.0) 2 (0.0) 0

Isolated pulmonary regurgitation 15 (0.2) 10 (0.1) 5 (0.7)

Moderate 10 (0.1) 7 (0.1) 3 (0.4)

Severe 5 (0.1) 3 (0.0) 2 (0.3)

Mixed pulmonary stenosis and regurgitation 0 0 0

Isolated tricuspid stenosis 13 (0.2) 10 (0.1) 3 (0.4)

Moderate 7 (0.1) 5 (0.1) 2 (0.3)

Severe 6 (0.1) 5 (0.1) 1 (0.1)

Isolated tricuspid regurgitation 1,527 (17.1) 1,359 (16.5) 168 (23.9)

Moderate 1,107 (12.4) 1,022 (12.4) 85 (12.1)

Severe 420 (4.7) 337 (4.1) 83 (11.8)

Mixed tricuspid stenosis and regurgitation 1 (0.0) 1 (0.0) 0

Moderate 1 (0.0) 1 (0.0) 0

Severe 0 0 0

Multiple valvular disease 3200 (35.8) 2,789 (33.9) 411 (58.6)

Moderate 1469 (16.5) 1150 (14.0) 319 (45.4)

Severe 1731 (19.4) 1639 (19.9) 92 (13.1)

Values are n (%).
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fraction (LVEF) <50%, and also patients with native
degenerative MR and LVEF <60%. We also compared
the etiologies and intervention rates according to age,
as well as clinical characteristics between the patients
with and without intervention. One-year survival af-
ter enrollment was assessed.

Continuous variables were described as mean � SD
or median (IQR) and compared using 1-way analysis
of variance or the Kruskal-Wallis H test, as appro-
priate. Categorical variables were expressed as num-
ber (percentage), and comparisons were performed
using the chi-square test. The Cochran-Armitage test
was used in the trend analysis of intervention rates
according to age. One-year survival rates were
calculated using the Kaplan-Meier method with
95% CIs. The survival curves among moderate or se-
vere patients without intervention were drawn. A 2-
tailed P value <0.05 was considered statistically sig-
nificant. Statistical analyses were performed using
SAS software (version 9.4, SAS Institute).

RESULTS

A total of 8,929 patients were included (Supplemental
Figure 2): 70.5% were enrolled from cardiology wards
and 29.5% from cardiac surgery wards. The primary
reasons for hospital admissions included 3,491
(39.1%) patients for valve disease, 5,074 (56.8%) pa-
tients for other cardiac diseases, and 204 (2.3%) pa-
tients for noncardiac diseases (Supplemental Table 1).

CHARACTERISTICS. The overall cohort had a median
age of 69 years with 14.2% $80 years of age, and
47.5% were female. The majority of patients (89.4%)
had symptoms, and New York Heart Association
(NYHA) functional class $II covered 78.0% of pa-
tients. The proportions of comorbidities were 52.2%
for hypertension (most common in AR), 19.3% for
diabetes (most frequent in MR and AS), 32.5% for
coronary artery disease (most common in MR), 11.8%
for prior stroke, 5.5% for chronic obstructive pulmo-
nary disease, and 7.2% for chronic renal insufficiency.
Aortic disease was predominantly concurrent with
aortic VHD (14.3% in AS and 11.1% in AR) (Table 1).

DISTRIBUTION AND ETIOLOGY. Among all patients,
8,227 (92.1%) had native VHD, and 702 (7.9%) had
previous valvular intervention. Of patients with
native VHD, 5,438 (66.1%) had single VHD: isolated
MR was most prevalent (n ¼ 2,209 [26.9%]), followed
by TR (n ¼ 1,359 [16.5%]), AR (n ¼ 875 [10.6%]), AS
(n ¼ 419 [5.1%]), and MS (n ¼ 256 [3.1%]). Severe
single native VHD was identified in 7.5% of native
VHD with MR, 4.1% with TR, 3.6% with AS, 3.0% with
AR, and 1.3% with MS. Significant tricuspid stenosis,
pulmonary stenosis, and pulmonary regurgitation
were rare (<1%). Multiple VHD was present in 2,789
patients (33.9% of native VHD), of which the combi-
nation with MR and TR was most prevalent (n ¼ 1,339
patients [16.3% of native VHD]) (Table 2, Central
Illustration, Figure 1).

Degenerative (37.2%), functional (21.8%), and
rheumatic (15.0%) etiologies were the 3 most common
causes in patients with native VHD. A degenerative
cause accounted for 69.1% of AS, followed by
congenital cause (17.1%), and 64.8% of AR, followed
by functional etiology related to aortic dilation or
hypertension (15.2%). Degenerative etiology (31.4%)
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CENTRAL ILLUSTRATION Distribution and Intervention of Older Patients With VHD

• MR Was Most Common in Older Patients With Single Native VHD in China. The Intervention Rates
   Were Suboptimal and Significantly Decreased With Age.
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FIGURE 1 Venn Diagram on Distribution of Single and Multiple Native Valve Disease

Venn diagram demonstrate the composition of isolated, mixed and multiple valve lesions

and the numbers of these patients. AR ¼ aortic regurgitation; AS ¼ aortic stenosis;

MR ¼ mitral regurgitation; MS ¼ mitral stenosis; TR ¼ tricuspid regurgitation.
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was the leading cause of MR, followed by ischemic
(27.0%) and functional (24.8%) etiologies. A rheu-
matic cause remained most common in MS (87.4%). A
functional cause was most frequent (42.5%) in TR,
followed by degeneration (34.4%). In multiple VHD,
32.0% and 21.7% were as a result of degenerative and
rheumatic causes, respectively (Figure 2, Supple-
mental Table 1). The etiologies of aortic and mitral
VHD according to age are detailed in Supplemental
Figure 3.

INVESTIGATIONS. Echocardiography demonstrated
LVEF <50% in 31.1% (45.3% in MR) and pulmonary
hypertension in 42.6% of patients. Transesophageal
echocardiography was performed in 6.6% of all pa-
tients and in 18.8% of patients with intervention for
baseline evaluation. Aortic CT was used in 4.6% of all
patients (16.5% of AS patients and 8.2% of AR pa-
tients) and in 10.0% of patients with intervention.
Coronary angiography was performed in 40.9% of all
patients and in 66.9% of patients with intervention.
Stress tests were performed in only 0.7% of all pa-
tients (Table 3, Supplemental Table 2).

INTERVENTIONS. During index hospitalization, 2,190
(24.5%) patients underwent valve interventions
(2,029 on native valve and 161 reoperated), and 207
patients were scheduled. Of patients undergoing
intervention, 1,256 were severe symptomatic, 9 had
severe VHD with LVEF <50%, 94 were severe but
asymptomatic, and 831 had moderate VHD (277 of
which had other cardiac procedures) (Supplemental
Figure 4).

The intervention rate was 37.3% in symptomatic
patients with severe VHD and 11.0% in patients with
severe VHD and LVEF <50%. Specifically, in-
terventions were performed in 62.7% of symptomatic
patients with severe AS, 57.7% with severe AR, 58.6%
with severe MS, 31.5% with severe MR, 45.1% with
severe multiple VHD, and only 12.1% with severe
right-sided VHD. The intervention rates decreased
significantly with age across all types of VHD (all
Ptrend < 0.01) (Central Illustration). The reasons for not
performing an intervention in severe symptomatic
patients included high operative risk in 33.0% and
patients’ refusal owing to fear, culture, and afford-
ability in 29.0% of patients. In the patients receiving
intervention, 77.1% were #70 years of age, and 81.7%
CENTRAL ILLUSTRATION Continued

(A) Distribution of patients with native valvular heart disease (VHD). (B

symptomatic patients according to types of VHD. (D) The intervention ra

trends. AR ¼ aortic regurgitation; AS ¼ aortic stenosis; MR ¼ mitral reg
had LVEF >30%. Older age, more comorbidities and
previous heart surgery, higher B-type natriuretic
peptide and creatinine levels, and lower LVEF were
observed in patients without intervention compared
with those with intervention (Supplemental Table 3).
The intervention rates in patients with severe VHD
and LVEF <50% according to the types of VHD are
detailed in Supplemental Figure 5. The intervention
rate was 23.7% in symptomatic patients with degen-
erative severe MR and LVEF <60%.

The modes of intervention are shown in Table 4.
Surgery covered 93.7% of interventions. TAVR was
performed in only 7.5% of isolated AS patients and in
1 patient with AR. For MR, 44.3% received surgical
valve repair, 55.0% underwent prosthetic valve
replacement, and 2 patients received a MitraClip
) Distribution of patients with severe native VHD. (C) The intervention rates among severe

tes among severe symptomatic patients according to age groups. P values were <0.01 for all

urgitation; MS ¼ mitral stenosis.
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TABLE 3 Investigations of Older Patients With Valvular Heart Disease

Total
(N ¼ 8,929)

Native Valve Disease

Isolated AS
(n ¼ 419)

Isolated AR
(n ¼ 875)

ASþAR
(n ¼ 186)

Isolated MS
(n ¼ 256)

NT-proBNP, pg/mL 1,835.0 (630.4-4,614.0) 973.7 (316.0-2,588.0) 766.5 (211.0-2,370.0) 1,679.5 (394.5-4,950.0) 1,109.0 (621.4-1,944.0)

Cr, mmol/L 80.8 (67.0-101.0) 771 (65.5-92.0) 81.0 (67.0-100.0) 78.8 (67.2-94.8) 76.5 (63.0-89.3)

TTE

LA 45.0 (39.0-51.0) 39.0 (35.0-44.0) 39.0 (35.0-44.0) 42.0 (38.0-47.0) 49.0 (45.5-56.4)

LVEDD 52.0 (46.0-60.0) 49.0 (45.0-54.0) 57.0 (50.0-63.0) 55.0 (51.0-61.0) 47.0 (43.0-50.0)

LVEF

<30% 529 (5.9) 9 (2.2) 17 (1.9) 5 (2.7) 0

30%-49% 2,246 (25.2) 56 (13.4) 183 (20.9) 38 (20.4) 19 (7.4)

$50% 6,154 (68.9) 354 (84.5) 675 (77.1) 143 (76.9) 237 (92.6)

Pulmonary hypertension 3,799 (42.6) 68 (16.2) 99 (11.3) 41 (22.0) 112 (43.8)

TEE 591 (6.6) 42 (10.0) 55 (6.3) 27 (14.5) 31 (12.1)

Stress test 63 (0.7) 7 (1.7) 9 (1.0) 0 3 (1.2)

Aortic CT 414 (4.6) 69 (16.5) 72 (8.2) 41 (22.0) 6 (2.3)

Coronary angiography 3,653 (40.9) 231 (55.1) 457 (52.2) 93 (50.0) 140 (54.7)

Values are median (IQR) or n (%). P values are tested for characteristics among the patients with different types of native valvular diseases.

Cr ¼ creatinine; CT ¼ computed tomography; LA ¼ left atrium; LVEDD ¼ left ventricular end-diastolic dimension; LVEF ¼ left ventricular ejection fraction; NT-proBNP ¼ N-terminal pro–B-
type natriuretic peptide; TEE ¼ transesophageal echocardiography; TTE ¼ transthoracic echocardiography; other abbreviations as in Table 1.

FIGURE 2 Etiology

The bar chart repres

valve diseases. Abbr
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(Abbott Vascular). Bioprostheses were used in 57.0%
of surgical patients. Simultaneously, 12.7% of patients
underwent coronary artery bypass grafting, 7.3% un-
derwent aortic surgery, and 12.9% underwent anti-
arrhythmic surgery during the valvular intervention.
Perioperative complications occurred in 10.7% of pa-
tients, and the in-hospital mortality rate was 1.7%,
with the highest rate (3.3%) in AS patients (Table 4,
Supplemental Table 4).
of Native Valve Disease in Older Patients

ents the proportions of different etiologies in patients with native

eviations as in Figure 1.
ONE-YEAR FOLLOW-UP. Overall, 131 patients died
during the index hospitalization. Of the 8,798 pa-
tients discharged alive, 6-month follow-up was
available in 7,363 (84.0%) patients, including 456
deaths, and 1-year follow-up was available in 6,259
patients. During follow-up, 2,359 patients were
rehospitalized. In patients without a valvular inter-
vention during the index hospitalization, 238 under-
went valvular intervention (Supplemental Table 5).
The 1-year Kaplan-Meier survival rate was 74.4%
(95% CI: 63.4%-85.4%) in all patients. The survival
curves among moderate or severe patients without
intervention are shown in Figure 3. Among severe
symptomatic patients without any intervention, the
survival rate was 78.0% for AS, 90.9% for AR, 77.5%
for MS, 71.5% for MR, 69.6% for right-sided VHD, and
77.8% for multiple VHD (Supplemental Table 5).

DISCUSSION

This study provided comprehensive insights into the
contemporary spectrum, etiologies, characteristics,
assessments, management, and outcomes of VHD in
China, a large developing country, during a period of
economic transition and population aging. It
demonstrated that MR was the most common VHD,
and AR was more prevalent than AS in older patients.
A degenerative cause was most frequent, followed by
functional and rheumatic etiologies. The majority of
inpatients were at an advanced stage of disease with
cardiac insufficiency. The intervention rate was as
low as 37.3% in symptomatic patients with severe
VHD and significantly decreased with age. A

https://doi.org/10.1016/j.jacasi.2021.11.013
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TABLE 3 Continued

Native Valve Disease

Previous Valve Intervention
(n ¼ 702) P Value

Isolated MR
(n ¼ 2,209)

MSþMR
(n ¼ 109)

Right Sided
(n ¼ 1,384)

Multiple
(n ¼ 2,789)

1,923.0 (653.0-4,755.0) 1,567.5 (545.0-4,357.0) 1,660.0 (639.0-3,417.0) 2,870.8 (1,275.0-7,031.0) 1,094.0 (463.7-2,915.0) <0.001

81.0 (66.0-102.6) 70.6 (63.0-86.1) 79.2 (66.0-98.0) 84.0 (68.6-106.0) 79.0 (64.7-99.3) <0.001

TTE

44.0 (40.0-49.0) 51.0 (45.0-61.0) 41.0 (36.0-47.0) 48.0 (42.0-55.0) 49.0 (42.0-57.0) <0.001

56.0 (50.0-63.0) 48.0 (45.0-52.0) 46.0 (43.0-51.0) 54.0 (48.0-63.0) 48.0 (44.0-54.5) <0.001

<0.001

200 (9.1) 0 43 (3.1) 226 (8.1) 29 (4.1)

800 (36.2) 17 (15.6) 185 (13.4) 852 (30.6) 96 (13.7)

1,209 (54.7) 92 (84.4) 1,156 (83.5) 1,711 (61.4) 577 (82.2)

695 (31.5) 39 (35.8) 751 (54.3) 1,718 (61.6) 276 (39.3) <0.001

151 (6.8) 13 (11.9) 63 (4.6) 157 (5.6) 52 (7.4) <0.001

12 (0.6) 2 (1.8) 4 (0.3) 19 (0.7) 7 (1.0) 0.034

41 (1.9) 2 (1.8) 35 (2.5) 110 (3.9) 38 (5.4) <0.001

1,072 (48.5) 58 (53.2) 437 (31.6) 993 (35.6) 172 (24.5) <0.001
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proportion of patients refused surgery owing to high
operative risk, fear, and culture. Surgical valve
intervention remained the main modality. The overall
1-year survival rate was 74.4%, with a lower rate in
patients without intervention.
DISTRIBUTION AND ETIOLOGY. Variations exist in
the prevalence of VHD across regions and pop-
ulations.1-5 The differences depend on numerous
factors, including not only demographic details, but
also the nature of patient group and methodologies
such as definition of valve disease and standardi-
zation of diagnosis in the different studies as po-
tential reasons.14 Our data showed that MR was
most common, followed by TR, AR, AS, and MS in
TABLE 4 Interventions of Older Patients With Valvular Heart Disease

Total
(N ¼ 8,929)

AS
(n ¼ 419)

AR
(n ¼ 875)

ASþ
(n ¼

Intervention 2,190 (24.5) 244 (58.2) 268 (30.6) 116 (

Surgical valve repair 292 (13.9) 0 12 (4.7) 0

Surgical valve replacement 1,211 (57.7) 219 (91.6) 241 (94.9) 96 (

Balloon dilation 91 (4.3) 2 (0.8) 0 0

TAVR 39 (1.9) 18 (7.5) 1 (0.4) 8 (

Mitral clip 2 (0.1) 0 0 0

Multiple mode 465 (22.1) 0 0 0

Bioprosthesis 981 (56.6) 145 (62.5) 165 (69.6) 63 (5

CABG 279 (12.7) 40 (16.4) 36 (13.4) 10 (

Aortic surgery 160 (7.3) 41 (16.8) 59 (22.0) 16 (1

Antiarrhythmic surgery 283 (12.9) 13 (5.3) 8 (3.0) 5 (4

Complications 233 (10.7) 37 (15.2) 28 (10.5) 10 (

In-hospital death 37 (1.7) 8 (3.3) 5 (1.9) 3 (2

Values are n (%). P values are tested for characteristics among patients with different t

TAVR ¼ transcatheter aortic valve replacement; other abbreviations as in Table 1.
older inpatients with native VHD in China. In a
population-based study in the United States, MR
was also most frequent in left-sided VHD. However,
the 2001 Euro Heart Survey on VHD and 2017 Eu-
ropean VHD II Survey showed that AS was the most
prevalent native left-sided VHD, followed by MR,
AR, and MS.15,16 The finding on MR, TR, and AR
prevalence in older Chinese patients warrants the
need for design and innovation directed toward
these VHDs in less invasive technology and devices.
Additionally, AS represents a late manifestation of
age-related progressive valve degeneration and is
associated with reduced life expectancy.8,17,18 The
frequency of severe AS was higher than severe AR
Native Valve Disease
Previous Valve
Intervention
(n ¼ 702) P Value

AR
186)

MS
(n ¼ 256)

MR
(n ¼ 2,209)

MSþMR
(n ¼ 109)

Right Sided
(n ¼ 1,384)

Multiple
(n ¼ 2,789)

62.4) 151 (59.0) 375 (17.0) 66 (60.6) 93 (6.7) 716 (25.7) 161 (22.9) <0.001

0 141 (44.3) 0 50 (79.4) 69 (9.8) 8 (4.8)

92.3) 134 (92.4) 175 (55.0) 64 (100) 0 184 (26.2) 87 (52.7)

11 (7.6) 0 0 13 (20.6) 24 (3.4) 8 (4.8)

7.7) 0 0 0 0 11 (1.6) 1 (0.6)

0 2 (0.6) 0 0 0 0

0 0 0 0 414 (59.0) 51 (30.9)

8.9) 74 (54.4) 109 (61.2) 32 (49.2) 0 306 (50.2) 70 (50.0) <0.001

8.6) 21 (13.9) 80 (21.3) 3 (4.5) 13 (14.0) 72 (10.1) 4 (2.5) <0.001

3.8) 0 1 (0.3) 1 (1.5) 2 (2.2) 34 (4.7) 6 (7.5) <0.001

.3) 28 (18.5) 41 (10.9) 14 (21.2) 14 (15.1) 138 (19.3) 22 (13.7) <0.001

8.6) 15 (9.9) 31 (8.3) 3 (4.6) 6 (6.5) 83 (11.6) 20 (12.4) <0.001

.6) 1 (0.7) 3 (0.8) 1 (1.5) 0 14 (2.0) 2 (1.2) 0.268

ypes of native valvular diseases.



FIGURE 3 1-Year Survival Rates of Older Patients With Native Moderate or Severe Valve Disease

The Kaplan-Meier curves of one-year survival are shown according to different VHD in patients with moderate or severe valve diseases. VHD ¼ valvular heart disease;

other abbreviations as in Figure 1.
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in our cohort. The prevalence of AS is anticipated to
increase in the future in China with population ag-
ing and economic development. Therefore, more
health care resources and research should focus on
the increasingly prevalent or poor-prognostic types
of VHD.

Valve diseases are mainly related to aging in
developed countries while rheumatic heart disease
(RHD) predominates in developing regions.1-5,19 Our
study showed that degenerative, functional, and
rheumatic etiologies were the 3 most common causes
in older patients with VHD. Rheumatic valvular dis-
ease still accounted for 15.0% of VHD in older peo-
ple, suggesting that these patients had suffered from
RHD from a young age, or they experienced original
rheumatic valvular lesion and later degenerative
calcification on the valve with increasing age. This
concomitance of rheumatic and degenerative etiol-
ogies is a unique phenomenon during the transition
period of economic development and population
aging, which may lead to special structure charac-
teristics and affect the intervention technique. The
global burden of nonrheumatic VHD increased be-
tween 1990 and 2017.4 However, a high prevalence of
RHD persists in Oceania, central sub-Saharan Africa,
and South Asia.5 Gross domestic product and edu-
cation level affect disease-related severity and left
ventricular dysfunction.20 Additionally, a congenital
cause (17%) in older Chinese patients with AS was
higher than that (<5%) in European patients.21

Functional AR covered a proportion of patients
(15%). The higher prevalence of congenital AS
and functional AR warrants research into TAVR
technology and devices tailored for the Chinese
population.

Regarding MR, predominant degenerative etiology
(31%) was still lower than that (>60%) in European
patients in the Euro Heart Survey.15 Half of MR is
secondary to ischemic heart disease or left ventricular
dilation, suggesting the high burden of secondary MR
in China. Considerable effort should be made
regarding the treatment of original diseases leading
to secondary valve lesions and the expansion of pre-
ventive strategies to reduce the incidence and halt
the progression of VHD.

PATIENT CHARACTERISTICS AND INVESTIGATIONS.

Older patients had high frequencies of cardiovascular
risk factors, comorbidities, and complex multiorgan
diseases in our registry. Hypertension, diabetes,
atrial fibrillation, NYHA functional class, chronic
obstructive pulmonary disease, and chronic kidney
disease were identified as independent predictors of
major cardiovascular events in geriatric patients with
VHD. These problems not only affect prognosis and
life expectancy, but also increase the operative risk as
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a barrier to and challenge of intervention.22-24 Effec-
tive control of risk factors and treatment for comor-
bidities potentially slow the progression of VHD,
improve the outcomes, make it easier to receive the
intervention, and decrease the operative risk.

Most of the older patients admitted to hospital had
symptoms (89.4%) and NYHA functional class $II
(78.0%). Left ventricular dysfunction was present in
31.1% of patients. Transesophageal echocardiography
was less frequently performed in our study than in
the Euro Heart Survey and VHD II Survey (6.6% vs
18.6% and 18.5%).15,16 CT in patients with aortic VHD
is also less performed, probably owing to fewer
TAVRs.16 Early detection, appropriate evaluation, and
referral are key to improving the prognosis of VHD
and need to be emphasized in China.

INTERVENTIONS. Severe VHD with symptoms or left
ventricular dysfunction carries a poor prognosis,
while intervention improves the outcomes and qual-
ity of life even in the high-aged individuals.2,22-24

Guidelines on VHD recommend intervention therapy
for these patients.25,26 In our study, however, the
intervention rates were only 37.0% in severe symp-
tomatic patients and 11.0% in patients with severe
VHD and LVEF <50%. Interventions were performed
in about 60% of symptomatic patients with severe
aortic VHD. Several clinical trials showed that inter-
vention improved survival and functional capacity of
MR patients.27,28 However, the intervention rate for
MR is consistently suboptimal worldwide29; in our
study, it was 32% in symptomatic patients with se-
vere MR. The number of potential candidates for MR
intervention may be higher in China due to the high
prevalence, which should be considered for health
care resources planning.

In our study, 33.0% of patients were denied an
intervention due to high operative risk. These pa-
tients had older age, more comorbidities, previous
heart surgery, and low LVEF. The intervention rates
decreased significantly with age across all types of
VHD. Previous studies demonstrated that advanced
age, comorbidities with chronic renal insufficiency,
increased comorbidity index, and left ventricular
dysfunction are independent or most striking factors
for treatment decision making.29-31 In addition,
29.0% of patients refused surgery owing to fear,
culture, or affordability. Despite advances in tech-
niques, these patients were concerned about the
complications of thoracotomy and had cultural res-
ervations about open-heart surgery. Therefore, less
invasive procedures are attractive for these patients
and will increase the intervention rate. Enhancing
their awareness of the therapeutic benefit of
intervention independent of age is required. More-
over, economic factor affects the intervention rate
with variations in intervention strategies according
to country income level.32

Valvular surgery remains the main modality of
intervention in China. TAVR was performed in only
7.5% of cases with AS, which is substantially lower
than in Europe (39% in 2017), the United States (43%
in 2016), and Germany (59% in 2015).16,33,34 With ad-
vances in TAVR, this proportion is expected to in-
crease. The operative mortality for mitral valve
replacement is higher than that for repair in MR pa-
tients.35 In our data, 44.0% of patients underwent
valve repair.
1-YEAR SURVIVAL. The 1-year survival was relatively
low. Among symptomatic patients with native left-
sided severe VHD without any intervention, the
lowest survival rate was observed in patients with
MR, which may be related to increased cardiac
insufficiency. An increasing intervention rate may
improve survival and benefit the older patients.

STUDY LIMITATIONS. This inpatient registry was not
a community-based epidemiological study. Undiag-
nosed and mild cases were not included, and it was
not possible to determine the prevalence of VHD in
the general population of China. Nonetheless, we
provided a national overview of the distribution
pattern, presentation, and management of clinically
significant valvular diseases in hospitalized patients.
The study may not have captured all the character-
istics of patients with VHD and the bias of hospital
selection may exist. However, it included 69 large
hospitals from 28 provinces and municipalities
throughout China and represents the national
contemporary status using accurate and reliable
comprehensive data. Even considering the detailed 1-
year follow-up, this was not a longitudinal study.
Moreover, survival bias cannot be excluded in the
analysis of follow-up owing to missing data.

CONCLUSIONS

The China-DVD study illustrates the unique distri-
bution, characteristics, and management of older
hospitalized patients with VHD in China. More efforts
should be made regarding the treatment of original
diseases and development of preventive strategies to
lower the incidence and progression of VHD. More-
over, early identification and specialist referral for
evaluation, timely intervention, enhanced innovation
and translational research directed toward advanced
techniques and devices, increased application of less
invasive interventions, and efficient organization and



PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE:

Among older patients with single VHD in China, MR

was most prevalent. Severe symptomatic patients

were markedly undertreated with surgical valve

intervention as the main modality, and the interven-

tion rates decreased significantly with age across all

types of VHD.

TRANSLATIONAL OUTLOOK: More translational

research should be directed toward the increasingly

prevalent or poor prognostic types of VHD. Early

identification, effective intervention, and widespread

application and innovation of less invasive procedures

should be highlighted to increase the intervention rate

and improve the prognosis among older patients.
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allocation of health care infrastructure and resources
to meet the needs should be highlighted.
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