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Abstract
Background: The relationship between socioeconomic status (SES) and the prognosis of HF with reduced (HFrEF) vs. preserved
(HFpEF) ejection fraction remains unsettled. Objective: To analyze the relationship between SES and the prognosis of patients
with incident HFrEF and HFpEF. Methods: Prospective study over 15 years (2003-2017) on 9658 patients diagnosed with
HF. Main outcomes were mortality and hospitalizations for HF. The independent relationship between SES and the prognosis,
stratifying patients for cardiovascular co-morbidity after propensity score-matching was analyzed. Results: After matching 7116
patients, during a median follow-up of 8.11 years, 5616 patients died (78.9%) and 5549 patients were hospitalized (78.0%). High
income level was associated with a lower all-cause mortality (RR for HF patients [95% CI]: 0.86 [0.80-0.92], RR for HFrEF:
0.88 [0.82-0.95] and RR for HFpEF: 0.82 [0.75-0.90], P <0.001 in all cases), and cardiovascular mortality (RR for HF: 0.84
[0.76-0.92], RR for HFrEF: 0.87 [0.81-0.93] and RR for HFpEF: 0.88 [0.77-0.88], P <0.001 in all cases), less hospitalizations
(RR for HF: 0.70 [0.65-0.78], RR for HFrEF: 0.78 [0.68-0.88] and RR for HFpEF: 0.61 [0.55-0.68], P <0.001 in all cases), and
less 30-day readmissions (RR for HF: 0.67 [0.59-0.75], RR for HFrEF: 0.71 [0.63-0.79] and RR for HFpEF: 0.61 [0.55-0.69], P
<0.001 in all cases), after adjustment for comorbidities, and other potential confounders. Analyses of recurrent hospitalizations
gave larger SES benefits than time-to-first-event analyses. Conclusions: In this propensity-matched study, a high net annual
household income is associated with an improved prognosis of patients with incident HFrEF and HFpEF.

INTRODUCTION
Lower socioeconomic status (SES) is associated with an increased incidence of heart failure (HF) (1, 2). Only
one study has examined the relationship between SES and incident HF in primary care (3). Mortality (4-6),
first hospitalizations (1, 3), HF hospitalizations (5-9), and readmissions (5, 6, 10) are higher in patients with
low SES. Only one study has been performed in the community (4), and only one study defines risk separately
in men and women (7). Previous studies have not adjusted for covariates like, education, dependency, total
wealth, living status, marital status and occupational status, that are closely related to SES and prognosis.
SES is a time-varying exposure, but no study so far has considered this in their analyses. Finally and most
important, studies including objective measures of cardiac dysfunction have not been performed. Thus, the
relationship between SES and the prognosis of HF with reduced (HFrEF) vs. preserved (HFpEF) ejection
fraction remains uncertain.
To further analyze the association between SES and the prognosis of HF, HFrEF vs. HFpEF, we put forward
the present prospective propensity matched study over 15 years on 9658 patients with incident HF.
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METHODS
Study design and patients. Prospective study of a cohort of 9658 patients newly diagnosed with HF during
a period of 15 years (1 January 2004 to 31 December 2018). These patients are residents of a community of
321,753 inhabitants in the south of Spain, served by the Hospital Universitario Puerto Real (HUPR). The
GAMIC cohort comprises adults (>= 14 years) diagnosed with HF according to the Framingham criteria
(11). All patients have at least one valid echocardiography (EcoC). Patients aged less than 14 years, those
not permanently resident in the community of reference and those without a valid EcoC (386 patients,
4.0%) have been excluded. These 386 patients were mostly women, older and sicker, dying before a valid
EcoC could be performed. We have BNP levels in 32% of the cohort, mainly in patients with obesity
and/or chronic pulmonary disease, and only with diagnostic purposes without follow-up determinations.
This study has been undertaken with the approval of the Committee for Ethics and Clinical Research, of
the HUPR.Collection of data. The data collected provide information on: Sociodemographic and clinical
parameters, tests requested, previous treatment, definitive diagnoses, treatment established, scheduled or
emergency outpatient visits, and hospitalizations. These data were recorded not only at the time of the
inclusion of the patients in the study but also during the 15 years of monitoring. We have recorded data
corresponding the 12 months prior to the inclusion of those patients for whom these data were available
(data bases of the HUPR and of the Family Doctor). We classified kidney function using the Modification
of Diet in Renal Disease equation for estimated glomerular filtration rate (eGFR) based on serum creatinine
determinations (12). Comorbidity was assessed by the “modified” Charlson Index (13). The echocardiogram
was analyzed following the guidelines of the American Society for Echocardiography (14). The limit for
considering the LVEF ”normal” has been very variable, between 40 and 50% (14, 15). The criterion that we
have chosen to define normal systolic function (LVEF > 50%) is that customarily utilized in previous studies
(15).Socioeconomic status (SES) was self-declared and characterized using net annual household income
(NAHIL) measured at inclusion and revised yearly until death or censorship (16). NAHIL was categorized
as low (<16,000 euros; n=3909), mid-level (16,000–30000 euros ; n=3377), high (>30000 euros;n=2372),or
not reported (n=35) (16). Participants in the last category were not included in our study because of the
small sample size (17). As there were no differences of prognosis between patients with HF in the low vs. the
NAHIL, the prognostic cut-off for the annual household income level was established using bootstrapping as
the point at which the 12-month probability curve for death exceeds the 97,5th confidence intervals of the
same curve for the highest NAHIL. A mean NAHIL of 30,000 euros was associated with a 92-month mortality
above the 97.5% bootstrap levels for the highest NAHIL. Thus, a prognostic cut-off for the NAHIL of 30,000
euros was chosen (18). Educational level was defined as the highest grade or year of school completed,
divided into 3 categories, as previously described (1, 2).
Using not only income but, the educational level, the marital status, the living status dependency, number
of households, occupational status, total wealth and properties value, allows us to more comprehensively
capture the cumulative results of SES on cardiovascular health over the life course in participants (2, 16,
17).
Outcomes. Patients were prospectively included from January 1, 2004, and censored at end of follow-up
on December 31, 2018. Primary outcomes included death (all cause and cardiovascular), hospitalizations
for HF, and visits for any cause. To confirm mortality and morbidity, the histories of the patients (hospital
or health center) were monitored weekly during the period of study. Death was identified from national
health service and family practitioners’ databases and, deaths that occurred in the emergency department
or hospital. When the cause of death was not clear, the physician certifying death was contacted. The
patients admitted with heart failure were identified by weekly review of the 9th revision of the International
Classification of Diseases (ICD-9-CM). The codes of the ICD-9-CM included are those previously utilized
in other studies: 428, 402.01, 402.11, 425, 429.3, 514, 402.9, 404.01, 404.11, 404.90, 398, 416, and 429 (15).
When the health status of any patient was not known, they were contacted by telephone.
Estimation of propensity scores and matching. Because there were significant differences in baseline
characteristics among HF patients by income level (Tables 1-3 suppl ), we used propensity scores-matching
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to achieve balance (19). We estimated propensity scores (PS) for high income level using a non-parsimonious
multivariable logistic regression model (20-22). In that model, all baseline patient characteristics displayed
in Tables 1 and 2, and clinically plausible interactions were included as covariates (20-22).
Our PS model discriminated well between patients in the high NAHIL and those in the low/middle NAHIL.
The model was fit to data during all steps of the regression analyses (Hosmer and Lemeshow goodness-of-fit
test X 2 = 11.34; P = 0.10, andc -statistic = 0.83). We then used the PS to match each patient in the
high NAHIL to another patient in the low/middle NAHIL, who had a similar PS. Thus, matching 2372
of those HF patients in the high NAHIL to another 4744 HF patients in the low/middle NAHIL (Table 4
suppl ). Similarly, 1338 of those patients with HFrEF in the high NAHIL were matched to another 2676
HFrEF patients in the low/middle NAHIL (Table 1 ), and 1034 of those patients with HFpEF in the high
NAHIL were matched to another 2068 HFpEF patients in the low/middle NAHIL (Table 2 ). We used a
greedy matching algorithm, which first look for matches to five decimal places. The efficacy of PS models
is best assessed by estimating post-match absolute standardized differences between baseline covariates. We
therefore calculated pre- and post-match absolute standardized differences and presented those findings as
Love plots (23). Before matching, the mean PS for HF patients in the low/middle income group was 0.17362
while, in the high income HF group was 0.22186, in the high income HFrEF group was 0.22218 and, in
the high income HFpEF group was 0.22237, which yielded a standardized difference of 30.7%, 29.9% and
31.0%, respectively, t-test P-value < 0.0001 in all cases. After matching, the mean PS for HF patients in
the low/middle income group was 0.21443 while, in the high income HF group was 0.21449 (standardized
difference of 3.0% and t-test P = 0.995), in the high income HFrEF group was 0.21449 (standardized difference
of 3.1% and t-test P = 0.996), and in the high income HFpEF group was 0.21439 (standardized difference
of 3.0% and t-test P = 0.994).
Analysis of recurrent hospitalizations. Cumulative incidence of hospitalizations and of 30-day readmissions over time were calculated for the NAHIL groups using the Ghosh and Lin non-parametric analysis
(24). The rate ratio of HF hospitalizations per 100 patient-years of follow-up (95%CI and p-value) was
calculated based on the Poisson distribution (25, 26). We assessed for over-dispersion by consulting the
deviance statistic of the Poisson model, and conducted supplementary analyses using negative binomial regression when the deviance statistic exceeded one (26). The negative binomial model was used to modify
such an estimated rate ratio by recognizing the heterogeneity (different frailties) of patients with respect to
their risks of recurrent hospitalizations (27). Recurrent HF hospitalizations were also analyzed using the
Anderson-Gill approach with robust variance estimator that allows for heterogeneity in hospitalization rates
between patients (28).
Statistical analysis. All statistical analyses were done with SPSS v 17.0 (SPSS Inc, Chicago, IL). No losses
of patients initially included in the study were recorded. We used chi-square tests and independent sample t
tests, as appropriate, for descriptive analysis to compare baseline characteristics between pre-match patients
by income. For descriptive analysis of post-match cohorts, McNemar tests and paired-sample t tests were
used as appropriate. Kaplan-Meier survival analyses and matched Cox proportional hazards models were
used to estimate the association between SES and prognosis. We confirm the assumption of proportional
hazards by a visual examination of the log (minus log) curves. We conducted formal sensitivity analyses to
describe the weight of our evidence, by quantifying the degree of hidden bias that, would need to be present
to invalidate our main conclusions (23).
To evaluate the independent risk associated with each of the variables, we utilized multivariate analysis. We
identified the most likely predictive variables within each category by backward steps selection, with the
variables with probabilistic value > 0.01 being eliminated from the model. The variables with predictive
significance were combined and pre-established covariates were added, in the event of not having been
considered in the model. These covariates have been included by virtue of the theoretical likelihood of their
association with the prognosis, or by previous studies (2, 7, 15), or by being considered clinically important
for the prediction of morbidity and mortality. In analyzing hospitalizations for heart failure and visits, a
sandwich variant estimator was applied in the calculation of the 95% confidence intervals to account for
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multiple hospitalizations or visits by the same patient (24, 27).
Given that income varies overtime, and in order to avoid an optimistic estimation of the results on high
income level, performing an analysis with intention to treat, we have considered that patients’ NAHIL at
inclusion has been the same up to their death, independently of whether NAHIL changed during follow-up.
A secondary analysis, incorporated time-varying estimates of high NAHIL and assigned exposure status
at the time of an outcome event based on our high NAHIL-exposure algorithm. As comorbidity has been
associated with SES, we performed stratified models on patients who, at the time of inclusion, did or did
not present comorbidities (Tables 1 and 2 ).
Heterogeneity of effects in pre-specified subgroups was examined by testing for treatment-covariate interaction with the Cox proportional hazards regression model, using p < .05 (29).
RESULTS
Characteristics of the patients. We studied 9658 adults with incident HF, most of them women (5157
patients, 53.4%), and most of them with HFrEF (5167 patients, 53.5%) (Table 1 suppl ).
Before matching, there were significant differences between the baseline characteristics of patients in the
high income level and those in the low/middle income level (Table 1 suppl ). These differences among the
baseline characteristics of HF patients by income were independent of the type of HF, as they were also
present in patients with HFrEF (Table 2 suppl ) and with HFpEF (Table 3 suppl ). As no difference of
mortality between patients with low and middle income was observed, we determined the optimal cut-off
point for the net annual household income as 30,000 euros. Therefore, we have performed our analyses by
comparing PS matched patients belonging to the highest NAHIL (>30,000 euros) to those belonging to the
low/middle NAHIL (up to 30,000 euros).
After matching, all the measured baseline covariates were balanced between HF patients with a high NAHIL
vs. those with a low/middle NAHIL (Table 4 suppl ), as well as for patients with HFrEF (Table 1 ), and
with HFpEF (Table 2 ).
Relationship between the income level and mortality. The number of deaths by income after matching
are presented in Table 5 suppl . After matching, during a median follow-up of 8.11 years (interquartile range,
3.37–10.62), 5616 patients died (78.9%) and 4195 patients died of a cardiovascular cause (59.0%).
The patients with HF and the highest NAHIL presented a survival longer than that of the patients with
a low/middle NAHIL (RR of death for highest NAHIL [95% CI]: 0.86 [0.80-0.92], P <0.001;Figure 1A ).
Similarly, the patients with HFrEF in the highest NAHIL presented a survival longer than that of the HFrEF
patients with a low/middle NAHIL (RR of death for highest NAHIL: 0.88 [0.82-0.95], P <0.001; Figure 1B
), and the patients with HFpEF in the highest NAHIL presented a survival longer than that of the HFpEF
patients with a low/middle NAHIL (RR of death for highest NAHIL: 0.82 [0.75-0.90], P <0.001; Figure 1C
). The HF patients in the highest income groups showed a cardiovascular mortality significantly lower than
that of the patients in the low/middle income groups (RR of death for highest income in HF patients [95%
CI]: 0.84 [0.76-0.98], P <0.001; Figure 1A suppl. RR of death for highest income among HFrEF patients
[CI 95%]: 0.87 [0.81-0.93], P <0.001; Figure 1B suppl. RR of death for highest income among HFpEF
patients [95% CI]: 0.82 [0.77-0.88], P <0.001; Figure 1C suppl ).
Relationship between the income and the hospitalizations. The hospitalizations and 30-day readmissions are presented in Table 6 suppl and Table 7 suppl , respectively. Figure 2 suppl presents the
cumulative number of admissions for HF worsening, per 100 patient years (Figure 2A suppl ), and that of
30-day readmission for HF worsening (Figure 2B suppl ) in the matched groups. The estimated effects of
SES for hospitalization and 30-day readmission for HF by each method considered are presented in Table 8
suppl . Rate ratios for recurrent hospitalizations and 30-day readmissions were lower than those obtained
by the proportional-hazards models.
Multivariate relationship between the income and the prognosis.In our primary analysis using an
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intention-to-treat approach, highest NAHIL exposure was associated with a 16% lower relative risk (RR) of
all-cause death, a 15% lower RR of cardiovascular death, a 17% lower RR of hospitalization for HF, a 35%
lower RR of hospitalization for a CV cause, a 30% lower risk of hospitalization for HF, and a 34% lower RR
of 30-day readmission for HF, compared with patients in the low/middle NAHIL, even after adjustment for
sociodemographic characteristics, comorbidities, longitudinal use of medications, and propensity to be in the
highest income group (Table 3 ). In the second type of analysis, time-dependent exposure to high NAHIL
was associated with an even lower adjusted risk of all-cause and cardiovascular death, of hospitalization
for HF, and of 30-day readmission for HF, compared with periods with a low/middle NAHIL (Table 9
suppl ). Similarly, high NAHIL was associated with a reduced mortality (all-cause and cardiovascular),
hospitalizations and 30-day readmissions in patients with HFrEF, HFpEF, as well as in men and women
with HF (Table 3 and Table 9 suppl ).
This favorable relationship of high NAHIL to mortality was maintained independently that the patients,
before their inclusion or during the follow-up, presented cardiovascular events or other comorbidities in
Table 1 and Table 2 (highest adjusted hazard ratio [HR] 0.84; 95% CI: 0.78-0.90, vs. highest HR 0.74; 95%
CI: 0.68-0.80; P < 0.01 in all cases).
Subgroup analyses. These analyses have been performed for patients with HF (Figure 3A suppl ), HFrEF
(Figure 3B suppl ) and with HFpEF (Figure 3C suppl ). Although, age, sex, atrial fibrillation, BMI and
comorbidity negatively influenced the effects of income on the prognosis of HF (29), this benefit was also
observed in the subgroups of patients over 70 years, women, diabetics, patients with chronic renal disease
or with atrial fibrillation, overweight patients and those with an elevated burden of comorbid conditions
(Figure 3A-C suppl ).
DISCUSSION
The results of our propensity matched study indicate that in patients with HF, having a NAHIL >30,000
euros is associated with an improved prognosis, decreased mortality and hospitalizations. The most common
socioeconomic indicator used in previous studies has been individual (1), household (30), or neighborhood
income (4, 10). However, income may inadequately reflect socioeconomic position, particularly after retirement. Only a minority of the studies utilizing income addressed this limitation by examining additional
socioeconomic indicators such as those employed in our study (30-32).
In comparison to previous observational studies (1, 2-7), our study is characterized by its prospective design
and comprehensive collection of data on a numerous cohort of patients with incident HF, included in the 15
years study period, with a valid echocardiographic study in all of them. Most of the patients were diagnosed
with HF as outpatients, and they present socio-demographic and clinical characteristics representative of
the habitual clinical practice in this type of disease. Both the follow-up over time of the variables and the
evaluation of therapeutic compliance have been comprehensive. We set out to perform PS matching and a
rigorous statistical analysis of the results, adjusting for covariates not considered by previous studies, that
are closely related to SES and prognosis. As SES is a time-varying exposure, we have performed multivariate
analyses considering time-dependent exposure to SES. Finally and more important, this is the first study on
SES and prognosis of HF including objective measures of cardiac dysfunction, HFrEF vs. HFpEF.
The observed associations between SES and HF prognosis are not fully explained by health-related behaviors,
lifestyle factors, or traditional cardiovascular risk factors (32-34). The literature suggests that, the independent associations of SES with cardiovascular outcomes and mortality, at least partially reflect the influence
of chronic stressors in daily life, which disproportionately affect persons in low SES groups (35, 36).These
chronic stressors might result in maladaptive physiologic coping mechanisms and chronic elevations in blood
pressure and inflammation that can lead to physiologic injury of the vasculature and myocardium (8). Once
HF is established, deprived groups face numerous challenges, including limited access to healthcare (10),
transportation costs, affordability of drug regimens (33), inequalities in treatment (34), greater co-morbidity
precipitating cardiac decompensation, fewer contacts with primary care (3), and consequently more reliance
on secondary care. Problems are compounded by impaired health literacy, education, and social support
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(35), coupled with poor compliance with medications, diet, and lifestyle restrictions (36). Further, as in our
study, education levels correlate with SES (37), patients with higher education may have better understanding and knowledge of their disease process and treatment (38), while patients with lower education levels
are less likely to be adherent to therapeutic recommendations (39). In addition, lower education level has
been shown to be associated with poor quality of life (40), anxiety (40), physical and emotional distress (41),
and inability to actively participate in self-care recommendations (42). Higher levels of education have also
been shown to be associated with higher levels of disease-specific knowledge, healthy lifestyle, and improved
outcomes (43-45).
Limitations. Firstly, there are limitations derived from an observational study on the habitual clinical
practice, which prevent us from discounting completely any residual factors of confusion not determined,
and any bias in the selection of the patients, that might explain our results. To reduce the possible influence
of these weaknesses in the design of our study, a PS analysis has been performed, adjusting for a wide range
of covariates. We have no data on the levels of brain natriuretic peptide (BNP), which constitutes a valuable
element for the diagnosis and prognosis of patients with HF (46, 47). In our analysis, we used household
income rather than total wealth or education, but adjustment for the educational level, the marital status,
the living status, dependency, number of households, occupational status, total wealth and properties value,
allows us to more comprehensively capture the cumulative results of SES on cardiovascular health over the
life course in participants (2, 16, 17). We also lack information about the functional status, presence of
anxiety or depression, the quality of life of our patients (50), and the literacy of patients or the main caregiver (48). Finally, this is a study carried out in only one center, and in one specific area of the south of
Spain, with a population uniformly of white race, with medium-low socioeconomic and educational level,
which has universal public health insurance giving people open, cost-free access to the health system (visits,
tests and medication), thus limiting generalizability. International geographic variations in event rates has
been observed in studies on HF (49).
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FIGURE LEGENDS
Figure 1 A-C. Kaplan-Meier plots for all-cause mortality of propensity matched patients with incident
heart failure by income: A, HF patients. B,HFrEF patients. C, HFpEF patients.
Figure 1 A-C suppl. Kaplan-Meier plots for cardiovascular mortality of propensity matched patients with
incident heart failure by income: A, HF patients. B, HFrEF patients. C, HFpEF patients.
Figure 2 A&B suppl. Estimated cumulative rate of hospitalization for HF worsening (per 100 patient years)
(A ) and of 30-day readmission for HF worsening, per 100 patients years (B ), by income in the matched
groups. By three years, the cumulative number of HF hospitalizations (per 100 patient-years) is 8.8 for
patients with HF in the low/middle income level, compared to 4.7 for those in the highest income level, a
treatment difference of 4.1 per 100 patient-years (46.6%) for HF patients in the highest income level, who
avoid admission for HF. Beyond 3 years, these differences continue to increase for all studied groups.
Figure 3 A-C suppl. Relative risks (RR) and 95% confidence intervals (CIs) for High vs. Low/Medium income
in pre-specified subgroups.
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