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Abstract

Aims This study explored the association between socio-economic status (SES) and mortality among patients hospitalized for
heart failure (HF) in China.

Methods and results We used data from the China Patient-centred Evaluative Assessment of Cardiac Events-Prospective
Heart Failure Study (China PEACE 5p-HF Study), which enrolled patients hospitalized primarily for HF from 52 hospitals be-
tween 2016 and 2018. SES was measured using the income, employment status, educational attainment, and partner status.
Individual socio-economic risk factor (SERF) scores were assigned based on the number of coexisting SERFs, including low in-
come, unemployed status, low education, and unpartnered status. We assessed the effects of SES on 1 year all-cause mortality
using Cox models. We used the Harrell ¢ statistic to investigate whether SES added incremental prognostic information for
mortality prediction. A total of 4725 patients were included in the analysis. The median (interquartile range) age was 67
(57-76) years; 37.6% were women. In risk-adjusted analyses, patients with low/middle income [low income: hazard ratio
(HR) 1.61, 95% confidence interval (Cl) 1.21-2.14; middle income: HR 1.32, 95% Cl 1.00-1.74], unemployment status (HR
1.43, 95% Cl 1.10-1.86), low education (HR 1.25, 95% Cl 1.03-1.53), and unpartnered status (HR 1.22, 95% Cl| 1.03—-1.46)
had a higher risk of death than patients with high income, who were employed, who had a high education level, and who
had a partner, respectively. Compared with the patients without SERFs, those with 1, 2, 3, and 4 SERFs had 1.52-, 2.01-,
2.45-, and 3.20-fold increased risk of death, respectively. The addition of SES to fully adjusted model improved the mortality
prediction, with increments in ¢ statistic of 0.01 (P < 0.01).

Conclusions In a national Chinese cohort of patients hospitalized for HF, low income, unemployment status, low education,
and unpartnered status were all associated with a higher risk of death 1 year following discharge. In addition, incorporating
SES into a clinical-based model could better identify patients at risk for death. Tailored clinical interventions are needed to
mitigate the excess risk experienced by those socio-economic deprived HF patients.
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Introduction

A growing body of studies found that socio-economic status
(SES) was associated with risk of death in a variety of medical
conditions such as ischaemic heart disease, stroke, chronic
obstructive pulmonary disease, and cancers. This association
may be attributed to lower financial capacity to pay for
adequate health care service, poor health literacy, unhealthy

lifestyle behaviours, and mental issues.>> A consideration of
the role of social determinants on health outcomes in clinical
setting and attempt to mitigate the excess risk experienced
by those with socio-economic deprivation is essential.

Heart failure (HF), a global public health problem, has an
estimated prevalence of 64.3 million patients worldwide,
and the mortality remains high despite the advances in
treatments.* As HF represents the end stage of various
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cardiac conditions requiring multiple medications for the
disease and complications, close follow-up, nutritional, and
psychosocial support,>® it is possible that SES-related
mortality differences may also be present in patients with
HF. However, it is still unclear whether such an association
exists due to the paucity of evidence and conflicting
results. Socio-economic deprivation has been associated
with higher mortality in some studies,”*° whereas in others,
no association**™2 or only a partial association* has been
observed. Variations in the study populations, measures of
SES, and health care system may partly explain these
inconsistencies.

Assessing the impact of SES on the prognosis of patients
with HF is especially important in China, which is experienc-
ing an HF epidemic. Studies have estimated that there are
13.8 million HF patients in China, accounting for one-fifth of
the prevalent cases worldwide.*®> Moreover, along with the
deepening of medical reform in China that aims to provide af-
fordable, equitable access to quality basic health care for all
its citizens, China achieved universal health insurance
coverage.'® However, little attention has been paid to
whether universal health care coverage guarantees equal
clinical outcomes for HF patients with different
socio-economic  backgrounds. Understanding  whether
socio-economic disadvantage is associated with worse out-
comes among this large population of patients with HF may
provide insights to inform actionable targets for interventions
and achieve a reduction in mortality.

Accordingly, in this study, we analysed data from the China
Patient-centred  Evaluative  Assessment of  Cardiac
Events-Prospective Heart Failure Study (China PEACE 5p-HF
Study) to investigate the association of several SES indicators,
including income, employment status, education, and partner
status, with mortality among patients hospitalized for HF.

Methods
Study design and participants

The protocol of the China PEACE 5p-HF Study has been
published.'” In brief, this large, nationwide prospective study
recruited patients hospitalized primarily for HF from 52 hos-
pitals throughout 20 provinces between 2016 and 2018. Pa-
tients aged 18 years or older who were hospitalized with a
primary diagnosis of new-onset HF or decompensation of
chronic HF were enrolled in the study. Index hospitalization
was defined as the first hospitalization that met all selection
criteria during the enrolment period. For the purpose of this
study, we excluded those who died during the index hospital-
ization (n = 32), lacked information about all 4 SES indicators
(n = 144), or were lost to follow-up at 1 year after discharge

(n = 6), leaving 4725 patients for analysis. All enrolled pa-
tients signed an informed consent form.

The China PEACE 5p-HF Study was approved by the ethics
committees of Fuwai Hospital and all collaborating hospitals.
The study was registered at www.clinicaltrials.gov
(NCT02878811).

Socio-economic data

We collected information about socio-economic characteris-
tics with a standardized questionnaire during an in-person in-
terview conducted by trained local clinicians during the index
hospitalization.

Socio-economic status was measured by income (most re-
cent annual household income in renminbi; low income was
defined as <¥10 000, middle income was defined as
¥10 000-49 999, high income was defined as >¥50 000; pa-
tients who reported ‘do not know the household income’
were considered to have unknown income), employment sta-
tus [employed was defined as non-manual or manual work
(including patients who are not working for a short time
and will be reinstated, e.g. people on parental leave or sick
leave for a short time); unemployed was defined as previ-
ously employed (including retirement, lay-off, unable to work
due to permanently sick or disability, unwilling to work and
the need to take care of family) or never employed], educa-
tional level (low educational level was defined as primary
school or below; middle educational level was defined as ju-
nior high school; high educational level was defined as senior
high school, college, or postgraduate degree), and partner
status (having a partner was defined as married; unpartnered
status was defined as divorced, separated, widowed, and
unmarried).

We defined low level of income, unemployed status, low
educational level, and unpartnered status as socio-economic
risk factors (SERFs). The individual SERF scores were graded
according to the number of coexistent SERFs, ranging from
0 to 4. The higher the SERF score was, the more
socio-economically deprived a patient was.

Data collection

Detailed information on demographics, clinical characteris-
tics, comorbidities, and discharge medications was obtained
from abstraction of medical charts and in-person interviews
conducted during the index hospitalization. Chart abstraction
was performed centrally according to a standardized proce-
dure, and the accuracy of abstraction exceeded 98%. Left
ventricular ejection fraction (LVEF) was measured during
the index hospitalization by trained physicians with a stan-
dard protocol. Blood samples of enrolled patients were
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collected within 48 h of admission for analysis in the central
laboratory.

Outcome

The primary outcome of the study was all-cause mortality
within 1 year after discharge. We also included cardiovascular
(CV) death and HF hospitalization as secondary outcomes. CV
death included sudden cardiac death, death due to HF, cere-
brovascular events, acute coronary syndrome, aortic vascular
disease, peripheral arterial disease, pulmonary heart disease,
or presumed/unknown CV death. Information regarding pa-
tient survival status and hospitalization events during the
1 year follow-up was collected from interviews, medical doc-
uments, and the national death cause database. All the data
were centrally adjudicated at the national coordinating cen-
tre by trained clinicians.

Statistical analysis

Continuous variables are expressed as the medians with in-
terquartile ranges (IQRs) due to a non-normal distribution.
Categorical variables are presented as frequencies with per-
centages. To evaluate patient characteristics that were inde-
pendently associated with higher SERF score, multivariable
ordinal logistic regression was conducted, and univariate
models that were P < 0.05 (Table 1) were selected for subse-
qguent analysis. The correlations between all pairs of SES indi-
cators were assessed using Cramer’s V [weak (<0.30),
moderate (0.30-0.50), strong (>0.50) association] and
Spearman’s  correlation  [weak (<0.30), moderate
(0.30-0.60), strong (>0.60) association].™®

Survival estimates were calculated using the Kaplan—Meier
method and compared across groups with log-rank tests. Haz-
ard ratios (HRs) with 95% confidence intervals (Cls) for clinical
outcomes were calculated using Cox proportional hazard
models. Firstly, we evaluated the independent effects of in-
come, employment status, education, and partner status.
Secondly, we explored the association between the SERF
score and outcomes. In the multivariable models, the candi-
date covariates were those that were considered clinically
relevant or that showed a univariate relationship with the
outcome. Separate Cox models were constructed as follows:
(1) no adjustment in Model 1; (2) adjustment for demo-
graphics (age and sex) in Model 2; (3) further adjustment
for clinical characteristics [systolic blood pressure at admis-
sion, heart rate at admission, New York Heart Association
(NYHA) class, LVEF, serum sodium, serum albumin, high sen-
sitivity cardiac troponin T (hs-cTnT), N-terminal brain natri-
uretic peptide precursor (NT-proBNP), estimated glomerular
filtration rate (eGFR), and current smoking] and comorbidi-
ties (coronary heart disease, chronic obstructive pulmonary

disease, anaemia, valvular heart disease, diabetes mellitus,
and atrial fibrillation) in Model 3; (4) further adjustment for
treatments [use of angiotensin-converting enzyme inhibitors
(ACEls)/angiotensin receptor blockers (ARBs), beta-blockers,
and mineralocorticoid receptor antagonists (MRAs)] in Model
4. (5) To account for the potential interrelations among these
SES indicators, we further mutually adjusted for SES indica-
tors in Model 5. For outcome of HF hospitalization, we per-
formed the Fine—Gray analysis with death as competing
risk.® When assessing the outcome of CV death, non-CV
death was considered as competing risk.

To further examine additional prognostic information pro-
vided by the SES beyond traditional risk factors (all variables
in Model 4), we compared models with and without SES using
the differences in Harrell ¢ statistic,2° and continuous net re-
classification improvement (NRI) and integrated discrimina-
tion improvement (IDI) were calculated.?**> The NRI
quantifies the amount of correct reclassified patients intro-
duced by SES. The IDI represents the average improvement
in predicted probabilities for mortality after the addition of
SES to the baseline model.

In  the sensitivity analysis, because non-manual
workers > 65 years of age are above the mandatory retire-
ment age, while there is no retirement age limit for manual
workers, we included patients aged 1865 years to obtain a
more homogenous study population and re-examined the as-
sociation between employment status and outcome. In addi-
tion, because 1158 patients reported an unknown household
income, to assess the robustness of the relation between in-
come and mortality, these 1158 patients were all included in
high-income group/low-income group, and we re-evaluated
the relation.

In this study, missing rates for selected variables in the
model (LVEF, serum sodium, serum creatinine, serum albu-
min, hs-cTnT, and NT-proBNP) ranged from 0.1% to 5.7%
and were imputed by multiple imputation, taking the average
of 20 imputed values as the final value. Two-sided P
values < 0.05 were considered significant and were not ad-
justed for multiple comparisons. Statistical analyses were per-
formed using the SAS statistical software package, Version 9.4
(SAS Institute, Cary, NC, USA).

Results
Baseline characteristics

The baseline characteristics based on the SERF score and
each SES indicator are illustrated in Table 7 and Supporting
Information, Table S1. A total of 10.1%, 30.5%, 29%, 23.8%,
and 6.6% of patients had 0, 1, 2, 3, and 4 SERFs, respectively.
Patients with higher SERF scores were more likely to be older
and female, to have a higher ejection fraction, to have more

ESC Heart Failure 2022; 9: 1027-1037
DOI: 10.1002/ehf2.13762



Y. Ge et al.

1030

'$1010B) YSL DILOU0IS-0120S ‘S4Y3S ‘ainssaid poo|q d1j01sAs ‘dgs ‘uoe1dossy HeaH JIoA MaN “WHAN :dosindaid apidad disinuleu ureiq
Jeulwul-N ‘dNgotd-IN ‘isiuobejue 103dadai PIOdILOd0[RIBUIW “WYA ‘UOIIDEIL UOIIIR(E Je[ndLIUSA Y| ‘4IAT ‘@bues ajienbialul ‘Y| ‘1 uluodouy deipied Auaisuas ybiy ‘Juld-sy ‘oied
1eay ‘YH ‘s1es uonesy|ij Jejnidwo|b pajrewnnss ‘Y49 ‘aseasip Areuow|nd aa13dNIISqO d1UOIYD ‘GdOD 49320|q 103dada4 uisusloibue ‘gyy ‘Jodgiyul swAzus Buipsauod-uisusloibue |3y

900°0 (r'29) 9vL (r'19) zzs (5'29) L9 (z'€9) 889 ('zL) 09¢ (r'€9) €92¢ VHIN
100°0> (6'09) 6L1 ('1S) LEV (7"8S) S09 (0°29) S£9 (9'94) SLT (z69) LLLle J33>0|g-e19g
100°0> (0'Zv) 0Ll (a'8v) Iy (6'61) LLS (8'29) LS (£'99) 9¢€C (8'19) 61781 gdv/1I3Dv
(%) u ‘abieydsip 1e suonedIpaln
100°0> (r'12) 05 (€'62) SlT (z'62) 19¢ (0'v2) 19¢ (9'01) 8€ (L'€2) sz8 elwLeuy
100°0> (8'17) 85 (r'12) z8l (0'07) 0T (z'8l) 861l (1'8) 6T (6'81) ¥£9 adod
100°0> (7's7) 65 (5'61) 991 (€00)0LC (S'17) L9C (r'9) €2 (€00 stz ayons
100°0> (2’57 65 (9'97) 92¢ (9'67) LO€ (r'L€) LOV (6'0€) LLL (LLe) ottt shyl||dw sa1aqgelq
LEO (z'9l) 8¢ (0'8l) €51 (L°L1) LLL (1°51) ¥91 (S'vL) ¢s (7'9l) ¥8S 9seasIp Jeay Jejnaje/
100°0> (T'Lg) L8 (8'7v) ¥9¢€ (9'5€) 69¢€ (€'9¢) a6¢ (L'€7) o8 ('9€) oo€L uone|juqy ey
100°0> (0'6) LT (8'0l) 26 (8vl) €Sl (0°€2) 0s¢ (ATEAZ (9'sl) £8S uoneziie|ndseAal Jolid
100°0> (5'£9) 851 (r'09) €16 (€°£9) ¥6S ('19) 899 (6'S€) 6T1 (8'£8) 790¢ aseasip pesy Aleuolod
100°0> (0'99) LEL (8'GS) VL (9'95) 985 (2°29) LL9 (r'09) 181 (7'LS) 6¥70C uoisuapadAy
(%) u ‘sanipiqiowo)
100°0> (1'21) ov (8'6l) 891 (r'€0) tre (9'57) 64T (6'6V) 6L1 (5'52) 806 (%) u ‘Bunjows ua.1nd
1000>  (S'SL'S'8Y) TE9 (508 'L'2S) 6'59 (0€8 'S'2S) T'69 (08 '6'2S) €49 (96 '€'69) L'v8 (r'v8 '7'€S) 989 (MOI) W €4 L/UIWAW "YIDD
z0°0 (vl “LEL) OFL (zrl "L€L) OvL (zvlL “LEL) OFL (zvL “LEL) O L (vl '8€L) L¥L (zvl ‘L€L) OpL (¥01) 1/joww ‘eN
100°0> (009€ ‘sL/) 8181 (S¥9€ 'zSL) LT8lL (617€ '889) 1991 (0Z8Z '01S) L8ZlL (L¥LZ '9LP) 926 (8z€ '€19) 98¥L (401) Tw/bd ‘dNgosd-]IN
60°0 (eev 'L'€l) 9'CT (r'6€'6°CL) €°1LT (L'zy 'Tzel) s'Le (€'8€ 'e'71) 9'0C (0'2£'6°LL) 961 (9'6€'LTL)0'LT (401) 1/6u ‘1u]>-sy
200 (6°L¥ '9'GE) ¥'8€ (r'L¥ '9'GE) 9°8€ (S'L¥ '0'9€) £L'8€ (€2¥ '6'S€) L'6E (92 '6'S€) ¥'6E (6°'LY '6'GE) 6'8€ (¥01) 1/6 ‘uwnqy
100°0> (€51 ‘02L) vEL (0SL “LL1) OFL (¥l 'SLL) 0L (L1 'SLL) OEL (L “LLL) 9ZL (8L 'SLL) O€L (40I1) BHWW ‘dgs
100°0> (86 'sL) 98 (Lol 'sz) L8 (ool ‘zL) 8 (86 '0L) 28 (zol ‘LL) 68 (ool ‘2z) <8 (¥OI1) "wrd'q "YH

(0)o (o) € (zo) ¢ (zo)e (9°0) ¢ (€0)6 umouun

(0'99) LEL (r'8y) Ly (L°LY) 2ev (r'8€) 8LY (8'6€) €Vl (0°€p) s€S1 Al VHAN

(9ve) L8 (L'7v) €9¢ (L'9v) 8LV (6'vv) 881 (r'sv) €91 (L'vv) €451 Il VHAN

(r'6) T (98) €£ (0zL) vzu (s91) 08 (zvl) LS (9Cl) 0sv Il VHAN
100°0> (%) U "VHAN
100°0> (LS '8¢€) LV (85 '9€) 9 (95 ‘€¢€) vv (95 ‘€€) v (S¥ '£7) s€ (96 ‘€¢€) €¥ (401) % 43N
siojoey} |esiuld
100°0> (£'69) €91 (€'€9) € (9'8¢€) ooV (127 ove (6'€1) 0§ (9'9€) 90¢€1L (%) U "s|ews
100°0> (18 '69) LL (LL'€9) 69 (SL'69) L9 (7L '85) 99 (¥S ‘Lv) 8v (S2'1S) L9 (401) s1eaf "aby
s10)oey diydesbowaqg

neAd (%99 'VEC=U Y  (%B8ET'0S8=U)E (%067 960l =U) T (%S 0E'880L=U)L (%L 0L '65€ =U)0 [e3ol

S443S JO JequinN

$J03oey SII JIoU0D9-0130S JO Jaquinu

9y} Aq panjesls sonsualdeIRYD dUljdseg | djqel

ESC Heart Failure 2022; 9: 1027-1037

DOI: 10.1002/ehf2.13762



Socio-economic status and mortality in HF

1031

severe HF (i.e. a higher proportion of NYHA functional classes
Il to IV and higher NT-proBNP and hs-cTnT levels), and to
have a higher comorbidity burden (i.e. a medical history of
coronary heart disease and chronic obstructive pulmonary
disease). Patients with higher SERF scores were less likely to
use ACEIs/ARBs, beta-blockers, and MRAs. Similar results
were shown when analyses were conducted by each SES indi-
cator (Supporting Information, Table S1). Variables that were
independently associated with higher SERF score were older
age, female sex, more severe HF (higher NYHA class and
higher NT-proBNP), and the presence of coronary heart dis-
ease and chronic obstructive pulmonary disease. In contrast,
the history of revascularization, the presence of diabetes
mellitus, and the use of beta-blockers were associated with
lower SERF score (Supporting Information, Table S2). We
evaluated the correlations between these four SES indicators
using Cramer’s V and Spearman’s correlation, education level
correlated moderately with income (Cramer’s V = 0.30,
Spearman’s p = 0.41), while the strength of relationship be-

tween other pairs of SES indicators were weak (Supporting
Information, Table S3).

Socio-economic status indicators and mortality

During the 1 year follow-up, 810 (17.1%) patients died. For
secondary outcomes, 523 (11.1%) died of CV causes and
1506 (31.9%) were hospitalized for HF. The cumulative inci-
dence of death by each SES indicator and SERF score are de-
scribed using the Kaplan—Meier method in Figures 7 and 2. A
significantly higher 1 year mortality was observed in the
low-income (19.5%) group than in the middle-income
(16.4%) and high-income (12.2%) groups. The mortality rates
were 9.4% and 18.8% in the employed and unemployed
groups (P < 0.01), respectively, and 20.2%, 15.9%, and
13.7% in the low, middle, and high educational level groups
(P < 0.01), respectively. The mortality difference in patients
who were living with a partner compared with those

Figure 1 Kaplan—Meier survival curves for 1 year all-cause mortality by socio-economic status indicators in patients hospitalized for heart failure. (A)
One year all-cause mortality by income level; (B) 1 year all-cause mortality by employment status; (C) 1 year all-cause mortality by educational attain-

ment; (D) 1 year all-cause mortality by partner status.
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Figure 2 Kaplan—Meier survival curves for 1 year all-cause mortality by
the number of socio-economic risk factors (SERFs) in patients hospitalized
for heart failure.

100

90
g T~
§ 80 -
(% —— 0SERF
—— 1SERF log rank P<0.01
704 —— 2SERFs
3 SERFs
4 SERFs
60
0 100 200 300
Patients at risk, n Survival Times(days)
—= 359 354 341 336
—— 1088 1033 994 950
1036 963 919 873
850 768 739 698
234 215 202 185

unpartnered was 4.5% (16.3% vs. 20.8%, P < 0.01). Addition-
ally, the mortality increased with an increasing number of
coexisting SERFs: 7.2% for O SERFs, 14.1% for 1 SERF, 18.3%
for 2 SERFs, 20.8% for 3 SERFs, and 23.5% for 4 SERFs.

Table 2 shows the relationship between SES indicators and
mortality after sequentially adjusting for covariates. In the
unadjusted analysis, patients with low/middle income, unem-
ployed status, low educational level, or unpartnered status
had a higher risk of death than their counterparts. After ad-
justment for covariates, socio-economic inequalities in mor-
tality were attenuated but still significant. The multivariate
analysis confirmed that low income (HR 1.61, 95% ClI
1.21-2.14) and middle income (HR 1.32, 95% ClI 1.00-1.74),
unemployed status (HR 1.43, 95% Cl 1.10-1.86), low educa-
tional level (HR 1.25, 95% ClI 1.03-1.53), and unpartnered sta-
tus (HR 1.22, 95% Cl 1.03-1.46) were all associated with a
higher risk of death than high income, employed status, high
educational level, and having a partner. In the secondary out-
come analysis, the income, employment status, and educa-
tion level were associated with CV death. And only
employment status was associated with HF readmission
(Supporting Information, Table S4).

Table 3 shows the combination of the four SES indicators
in relation to mortality. The multivariable Cox models showed
that the risk of death increased with increasing SERF score.
Compared with the no SERF group, the HRs for 1 SERF were
1.52 (95% Cl 0.99-2.33), 2.01 (95% Cl 1.31-3.09) for 2 SERFs,
2.45 (95% Cl 1.57-3.83) for 3 SERFs, and 3.20 (95% CI
1.91-5.35) for 4 SERFs, with a P for trend of <0.01. The over-
all pattern remained when stratifying the analyses according
to age or sex (Supporting Information, Table S5).

Improvement of predictive performance by
adding socio-economic status

Table 4 demonstrates that the SES is associated with an im-
provement in the prediction of death. In the fully adjusted
model considering demographics, clinical characteristics, co-
morbidities, and treatments, the c statistic was 0.727, and
the addition of the SERF score to this model resulted in a sta-
tistically significant increase in the ¢ statistic (+0.01,
P < 0.01). The NRI and IDI analyses were consistent with
the c-statistic results.

Sensitivity analyses

The first analyses that excluded patients who were older than
65 years yielded consistent findings when compared with the
results of the primary analyses (Supporting Information,
Table S6). The second analyses related to the income classifi-
cation for patients with unknown income. Regardless of
whether the unknown income data were categorized as low
or high income, low income was still associated with a higher
risk of death (Supporting Information, Tables S7 and S8).

Discussion

In this national HF cohort in China, we observed that patients
with low income, unemployed status, low educational level,
or unpartnered status had an increased risk of death in the
1 year period following hospitalization for HF. The risk of
mortality increased with the increasing number of coexisting
SERFs. In addition, incorporating the SES into a clinical-based
model improved mortality risk prediction.

Our study extends the literature in two major ways. Firstly,
our study, based on data from a large cohort of HF patients
with 1 year follow-up, is the first study to assess SES-related
prognostic differences in China. In this study, we examined
SES as a multidimensional construct and showed the
strong role of SES indicators in influencing mortality in HF
patients. Additionally, this is the first study to incorporate
SES in a prediction model for mortality among hospitalized
HF patients, and we demonstrated that greater discrimina-
tion can be achieved by adding easily obtained individual
socio-economic information.

Association between socio-economic status
indicators and mortality

Although increased burden of comorbidities, more severe HF,
and less use of evidence-based medications might partly ex-
plain the increased mortality risk in deprived patients, the
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Table 3 Hazard ratios for 1 year all-cause mortality of heart failure patients according to the number of coexisting socio-economic risk
factors

Model 1 Model 2 Model 3 Model 4
Number of
coexistent SERF HR (95% CI) P HR (95% Cl) P HR (95% Cl) P HR (95% Cl) P
0 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
1 2.01 1.33-3.03 <0.01 1.69 1.10-2.60 0.02 1.56 1.01-2.39 0.04 1.52 0.99-2.33 0.06
2 272 1.81-4.09 <0.01 2.38 1.55-3.65 <0.01 2.11 1.37-3.23 <0.01 2.01 1.31-3.09 <0.01
3 3.27 2.17-494 <0.01 2.87 1.84-4.46 <0.01 2.61 1.68-4.05 <0.01 245 1.57-3.83 <0.01
4 3.89 2.43-6.22 <0.01 3.36 2.02-5.61 <0.01 3.34 2.00-5.58 <0.01 3.20 1.91-5.35 <0.01
P value for trend <0.01 <0.01 <0.01 <0.01

Cl, confidence interval; HR, hazard ratio; SERF, socio-economic risk factor.
Model 1, unadjusted; Model 2, adjusted for demographic characteristics; Model 3, Model 2 plus adjustment for clinical characteristics and
comorbidities; Model 4, Model 3 plus adjustment for treatments.

Table 4 Improvement of predictive performance by adding the socio-economic risk factor score

Harrell c statistic NRI analysis IDI analysis
c statistic P value Change in NRI% (95% Cl) P value Change in IDI% (95% Cl) P value
Model 1 0.727 Reference Reference Reference Reference Reference
Model 2 0.738 0.002 15.5 (6.8, 24.2) <0.001 0.7 (0.4, 1.1) <0.001

Cl, confidence interval; IDI, integrated discrimination improvement; NRI, net reclassification improvement.

Model 1: adjusted for demographic characteristics, clinical characteristics, comorbidities, and treatments (including age, sex, systolic
blood pressure at admission, heart rate at admission, New York Heart Association class, left ventricular ejection fraction, serum sodium,
serum albumin, high sensitivity cardiac troponin T, N-terminal brain natriuretic peptide precursor, estimated glomerular filtration rate,
current smoking, coronary heart disease, chronic obstructive pulmonary disease, anaemia, valvular heart disease, diabetes mellitus, atrial
fibrillation, and prescription of angiotensin-converting enzyme inhibitor/angiotensin receptor blocker, beta-blocker, and mineralocorti-

coid receptor antagonist); Model 2: Model 1 plus the socio-economic risk factor score.

spousal contributions to improved outcomes involve assis-
tance in maintaining healthy lifestyle habits, emotional sup-
port, and post-hospital care.3>3! The extent of the impact
of unpartnered status on the risk of death was less than that
in Western countries,>®? where patients with no partner
had an increased mortality risk, with HRs ranging from 2.00
to 3.86. Three generations living together is the main living
arrangement in China, and as shown in our study, 63% of
unpartnered patients lived with other family members, while
the proportion was 20-30% from Western countries.?*3*
Hence, unpartnered patients might obtain support from
other family members,3® which resulted in a limited effect
of the spouse.

Combined effect of socio-economic status
indicators on mortality

We found that the risk of death was greater when several
SERFs coexisted. The addition of the SERF score has the po-
tential to improve the identification of patients at risk of
death. One study reported that adding non-clinical informa-
tion (including employment status and marital status) could
improve the predictive ability of 30 day readmission or
death, which is consistent with our findings. A systematic
review of HF prediction models showed that previous

well-established mortality prediction models mainly include
demographic and clinical characteristics®®; therefore, these
models might not adequately account for the risk conveyed
by a low SES. Further studies should be designed to develop
and test prognostic models that include the SES in other
countries.

Clinical implications

The results of the present study indicate that a low SES
should be considered an adverse prognostic factor, helping
to identify HF patients at high risk for death. To reduce mor-
tality, attention should also be focus on patients with
socio-economic disadvantage rather than poor clinical fea-
ture only. Improving the prognosis of deprived patients re-
quires a collaborative approach that addresses upstream
socio-economic deprivation, as well as the downstream path-
ways by which deprivation affects health. Because
socio-economic determinants are hard to modify, a much
more efficient way is to address easily modifiable risk factors,
such as HF-related educational interventions, affordable
medication regimens, more rigorous discharge follow-up,
and psychosocial evaluation and treatment. High-quality
studies are needed to test the efficacy of these downstream
clinical interventions in reducing mortality.
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Limitations

Several limitations should be acknowledged. Firstly, 1158 pa-
tients that reported unknown income were excluded when
we evaluated the association between the SERF score and
mortality, which might lead to selection bias. However, we
showed that patients considered in this analysis had similar
characteristics and 1 year mortality to those in the full co-
hort; hence, the impact of bias may be limited. Secondly, this
was an observational study; we cannot define cause—effect
relationships. There may be unobserved or unmeasured co-
founders that explain the relationship between SES and out-
comes. Thirdly, partner status was assessed based on
current marital status; we categorized the patients who are
never married but cohabiting with a partner into unpartnered
group. Therefore, taking the definition of partner status in
our study might not accurately reflect the survival benefit
of having a partner. Because patients who are cohabiting
could also benefit from emotional support, post-hospital
care, and greater financial resources from their partner,’
our study might underestimate the benefit of having a part-
ner. Finally, a SERF score derived from the sum of the number
of SERFs assumed that all SERFs had equal effects on mortal-
ity, which might not be true. Future studies with more accu-
rate assessments of SERF scores are preferred.

Conclusions

In this national Chinese cohort of patients hospitalized for HF,
we found that low income, unemployment status, low educa-
tional level, and unpartnered status were associated with
worse survival, and the SES measures improved mortality risk
prediction. Continuous efforts are warranted to explore inter-
ventions aimed at mitigating the excess risk experienced by
those with socio-economic deprivation.
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