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Abstract

Background—Medication non-adherence increases the risk of hospitalization and poor
outcomes, particularly among patients with cardiovascular disease (CVD).

Purpose—To examine characteristics associated with medication non-adherence among adults
hospitalized for CVD.

Methods—~Patients in the Vanderbilt Inpatient Cohort Study who were admitted for acute
coronary syndromes or heart failure completed validated assessments of self-reported medication
adherence (the Adherence to Refills and Medications Scale [ARMS]), demographic
characteristics, health literacy, numeracy, social support, depressive symptoms, and health
competence. We modeled the independent predictors of non-adherence before hospitalization,
standardizing estimated effects by each predictor’s interquartile range (IQR).

Results—Among 1967 patients studied, 70.7% indicated at least some degree of medication non-
adherence leading up to their hospitalization. Adherence was significantly lower among patients
with lower health literacy (0.18 point change in adherence score per IQR change in health
literacy), lower numeracy (0.28), lower health competence (0.30), and more depressive symptoms
(0.52), and those of younger age, non-White race, male gender, or less social support.

Conclusions—Medication non-adherence in the period before hospitalization is more prevalent
among patients with lower health literacy, numeracy, or other intervenable psychosocial factors.
Addressing these factors in a coordinated care model may reduce hospitalization rates.
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INTRODUCTION

Medication adherence is the degree to which patients take their medications as prescribed
(Osterberg, 2005). For patients with cardiovascular disease, adherence to medications is
necessary to achieve control of hypertension, hyperlipidemia, and diabetes and reduce the
risk of adverse outcomes such as stroke, heart failure, renal failure, and myocardial
infarction. Non-adherence to medication regimens is a significant contributor to Emergency
Department (ED) visits and hospitalization rates, as well as higher health care costs and
mortality (Bitton, Choudhry, Matlin, Swanton, & Shrank, 2013; Davis, Jandrisevits, lles,
Weber, & Gallo, 2012; Fitzgerald et al., 2011; Ho et al., 2006; Jackevicius, Li, & Tu, 2008;
Roebuck, Liberman, Gemmill-Toyama, & Brennan, 2011). A better understanding of the
factors associated with non-adherence at the time patients are hospitalized may provide
intervention targets for care coordination and population health management programs
which seek to reduce excess health care utilization.

Prior research has shown that medication non-adherence is related to sociodemographic
characteristics, but the associations are weak and vary among studies (Osterberg, 2005;
Steiner et al., 2009). In cardiovascular patients, lower medication adherence is associated
with non-White races, the extremes of age, less education, and lower income/socioeconomic
status (SES); these findings, however, have been inconsistent (Ali et al., 2009; Chan et al.,
2010; Cohen et al., 2012; Lewey et al., 2013; Marcum et al., 2013; Melloni et al., 2009).
Medication adherence is likely affected by other psychosocial factors, such as health
literacy, numeracy, self-efficacy, social support, and depression, but again findings are
contradictory, and little research has considered these factors together. This leads to an
incomplete understanding of the independent predictors of medication non-adherence and
may hamper intervention efforts.

For example, research on health literacy and adherence to cardiovascular medications
reveals some studies finding no association, while others found positive and even an inverse
relationship (Gazmararian et al., 2006; Loke, Hinz, Wang, & Salter, 2012; Noureldin et al.,
2012). Finally, research is ongoing to more fully elucidate the relationship between
numeracy—i.e., “the ability to use and understand numbers in daily life” (Rothman et al.,
2006)—and medication adherence. We have demonstrated an association between low
health numeracy and post-discharge medication errors (Mixon et al., 2014). Low health
numeracy affects medication self-management and has been associated with increased odds
of unplanned healthcare utilization in patients with heart failure (McNaughton et al., 2013).

Several studies have found associations between self-efficacy and adherence behavior
(Burke, 1997; Krall Scherer, 2001; Ni, 1999; Sarkar, 2006). A review of cardiovascular
disease prevention strategies concluded that self-efficacy enhancement was among the most
successful strategies in improving adherence (Burke, 1997). Other studies revealed that
pragmatic social support (e.g., helping patients accomplish daily tasks) led to improved
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medication adherence as compared to emotional or no social support (DiMatteo, 2004a,
2004b; Kripalani, Henderson, Jacobson, & Vaccarino, 2008). Additionally, depressed
patients are generally less adherent to medications than non-depressed patients (Kronish,
2006; Osterberg, 2005). Davis et al. (2012) found that psychological factors, such as health
attitudes and beliefs, anxiety and depression, social support and locus of control, all
predicted medication adherence in ED patients with hypertension, diabetes or seizure
disorders to a greater extent than demographic or socioeconomic factors.

Because medication non-adherence is a risk factor for preventable hospitalization, we sought
to develop a more complete understanding of factors associated with non-adherence leading
up to hospitalization for acute cardiovascular events. We hypothesized that medication non-
adherence would be independently associated with lower health literacy and numeracy,
lower education and income, less social support, more depressive symptoms, and lower
perceived health competence.

METHODS
Study setting and design

Participants

Measures

The Vanderbilt Inpatient Cohort Study (VICS) is a prospective cohort study of patients
admitted to VVanderbilt University Hospital in Nashville, Tennessee or Williamson Medical
Center in Franklin, Tennessee with acute coronary syndromes (ACS) or acute
decompensated heart failure (ADHF). The purpose of the study is to examine the
relationships between social determinants of health and outcomes after hospital discharge.
The rationale and design of VICS, including the conceptual framework which guided the
overall study and selection of measures, are detailed elsewhere (Meyers et al., 2014).
Participants completed a baseline interview and 3 follow-up calls in the 3 months following
hospital discharge. All data are collected and managed using Vanderbilt University’s
Research Electronic Data Capture (REDCap) tool (Harris, 2009). The study was approved
by the Vanderbilt University Institutional Review Board.

In these analyses, we included VICS participants enrolled from October 2011 to September
2014. To be eligible for VICS, patients must be at least 18 years old and meet study criteria
for ACS or ADHF as determined by a physician’s review of the electronic medical record.
The main exclusion criteria are being too ill to complete the in-hospital interview, cognitive
impairment, lack of reliable contact information for follow-up, inability to communicate in
English, unstable psychiatric illness, or being in hospice care. Patients who denied taking
any medications prior to admission were excluded from the present analyses, as we could
not assess their pre-hospital medication adherence.

All variables analyzed herein were obtained in the baseline interview which was
administered by trained research assistants (RAS) at the patient’s bedside, generally within
24 hours of hospitalization. The structured interview included sociodemographic
information such as age, gender, educational attainment (in years), marital status, household
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income, financial strain, and self-reported race. Household income was reported using a
modification of the strata from the Behavioral Risk Factor Surveillance System (BRFSS)
questionnaire ((CDC), 2010). Financial strain was assessed by a single, 4-point question
asking “How difficult is it for you (and your family) to pay your monthly bills” (“Not at all
difficult” to “Very difficult”). Race was dichotomized into White vs. all other races, and
marital status was dichotomized to living with a partner/spouse vs. not married/partnered.

The primary outcome, medication adherence prior to hospitalization, was measured using a
shortened, 7-item version of the Adherence to Refills and Medications Scale (ARMS),
which correlates very highly (0.95) with the full 12-item measure (Kripalani, Risser, Gatti,
& Jacobson, 2009). The ARMS is a reliable and validated instrument that was developed
among patients with cardiovascular disease. Each of the items allows patients to express on
a 4-point scale how often they do not take or refill their medications under different
circumstances. Scores on the ARMS-7 range from 7 to 28, with higher values indicating
better adherence. Scores less than 28 indicate some degree of non-adherence (Kripalani,
2008). In prior research, the ARMS correlated more strongly with medication refills than did
the widely used 4-item scale by Morisky and colleagues (Spearman’s rho = 0.32 vs. 0.22,
p<0.01)(Kripalani et al., 2009; Morisky, Green, & Levine, 1986). The ARMS has also
demonstrated predictive validity with blood pressure control and glycemic control
(Kripalani et al., 2009; Mayberry, Gonzalez, Wallston, Kripalani, & Osborn, 2013;
McNaughton, Jacobson, & Kripalani, 2014). Cronbach’s alpha for the ARMS-7 in this
sample was 0.82.

Health literacy was assessed with the Brief Health Literacy Screen (BHLS) (Chew, 2004;
Wallston et al., 2014). The 3-item measure asks patients to report their level of confidence
filling out medical forms, need for assistance in reading hospital materials, and their
understanding of written medical information, each on a 5-point response scale. Scores for
this measure can range from 3 to 15, with higher scores representing higher subjective health
literacy.

Numeracy was assessed by a shortened 3-item version of the Subjective Numeracy Scale
(SNS) that aims to quantify the participants’ perceived quantitative abilities and comfort
with numbers (Fagerlin et al., 2007; Zikmund-Fisher, Smith, Ubel, & Fagerlin, 2007).
Specifically, the items ask patients to rate their own math skills and preferences for
numerical information on a 6-point response scale. The SNS-3 score is reported as the mean
of the 3 items and ranges from 1 to 6, with higher scores reflecting higher subjective
numeracy. The SNS-3 is at least as valid as the full 8-item version (McNaughton,
Cavanaugh, Kripalani, Rothman, & Wallston, 2015). In this sample, Cronbach’s alpha for
the SNS-3 was 0.80.

Health competence (also referred to in the literature as generalized health self-efficacy
(Wallston, 2001)) was assessed with 2 of the 8 items of the Perceived Health Competence
Scale (PHCS) (Smith, Wallston, & Smith, 1995). The items were “It is difficult for me to
find effective solutions for health problems that come my way” and “I am able to do things
for my health as well as most other people.” Both PHCS items use a 5-point Likert response
scale. After reverse-scoring the first item the total summed score can range from 2 to 10.
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Higher PHCS-2 scores reflect an increased belief in one’s capability to do whatever is
necessary to optimize health outcomes.

Social support was assessed using the ENRICHD Social Support Inventory (ESSI)
(Berkman, 2003). Participants were asked 6 questions regarding emotional and instrumental
support, each of which had a 5-point response scale (range 6—30), where higher scores
indicate increased social support.

Depression during the 2 weeks prior to hospitalization was assessed using the 8-item version
of the Patient Health Questionnaire (PHQ-8) (Kroenke, 2009). The sum of the questions
ranges from 0 to 24, where higher scores indicate more depressive symptoms.

Statistical Analyses

To describe our patient sample, we summarized categorical variables with percentages and
continuous variables with percentiles (i.e., 51, 25M, 50t 75t 95t For the primary
outcome of pre-hospital medication non-adherence, ARMS-7 scores were treated as a
continuous variable. In unadjusted analyses, we examined factors associated with non-
adherence using the Kruskal-Wallis and Wilcoxon tests for the categorical variables and the
Spearman correlation coefficient test for the ordered categorical and continuous variables.

We then used multivariable linear regression to characterize the independent predictors of
non-adherence, including all pre-specified variables in the model and allowing for non-
linear effects. When fitting the model, the functional form for the continuous variable effects
was initially allowed to be very flexible as we used restricted cubic splines with four knots
(Harrell, 2001). However, if the likelihood ratio tests for the non-linear terms showed little
to no evidence of improved model fit over standard linear effects (p > 0.20 for the 2 degree
of freedom non-linear effect test), then for ease of interpretation, we reported the estimate on
the linear scale. By using a large p-value as the criterion for significance of the non-linear
terms, we erred on the side of including richer functional forms for covariate effects and
avoided excluding non-linear effects whose p-values were only slightly above the standard
0.05 significance level. Continuous variables modeled with linear functional forms were
scaled by the interquartile range (IQR) to facilitate effect size comparisons. Associated
regression parameter estimates may therefore be interpreted as the expected change in the
ARMS-7 score per IQR change in the independent variable. To avoid casewise deletion of
records with missing covariates we employed multiple imputation with 5 imputation
samples using predictive mean matching. Based on the available sample size, regression
models were able to accommodate 98 degrees of freedom, using a 20:1 rule. All analyses
were conducted using R version 3.1.0.

RESULTS

Among 8,926 patient hospitalizations for ACS and/or ADHF, 2,654 completed screening
and were found to be eligible for the study. The most common reasons for exclusion, aside
from being unavailable or declining screening, were being too ill to complete an in-hospital
interview (e.g., on a mechanical ventilator for several days), cognitive impairment,
communication difficulties, or lack of reliable contact information for follow-up interviews
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(Figure 1). Among screened eligible patients, 2,079 (78.3%) provided informed consent and
were enrolled in the study.

Medication adherence scores were available for 1,967 enrolled patients (94.6%). The
median score was 26 (IQR: 24 to 28), and 70.7% of patients admitted some degree of non-
adherence prior to hospitalization (i.e., ARMS-7 score < 28).

As shown in Table 1, 61%, 32%, and 7% of patients were hospitalized with ACS, ADHF, or
both ACS and ADHF, respectively; 43% were female, 83% percent were White, and 60%
lived with their spouse or partner. The median age was 61 years (IQR: 52 to 69), and the
median years of educational attainment was 13 years (IQR: 12 to 16). The median annual
household income fell into the $35,000 to $49,999 category, and nearly half (46.7%) of
patients reported difficulty paying bills. Patients had a median health literacy score of 12
(IQR: 10 to 14) and a median subjective numeracy score of 5 (IQR: 3 to 5). Despite
acknowledging both emotional and instrumental support from other persons, most patients
also reported occasionally experiencing some depressive symptoms, and had a median
health competence score of 8 (IQR: 6 to 10). In unadjusted analyses (Table 1), all patient
characteristics tested except for gender and diagnosis were associated with the pre-hospital
medication adherence score (p<0.05 for each comparison).

Results from the multivariable linear regression are displayed in Figure 2 with the y-axis
depicting the change in the mean medication adherence score associated with changes in
independent variables. Non-linear continuous covariate associations with adherence are
shown in individual panels. Linear continuous variable associations and categorical variable
associations are shown in the bottom panel. For linear relationships between adherence and
continuous variables, the magnitude of change in adherence is expressed per IQR change in
the independent variable. Collectively, these independent variables explained 20% of the
variance in medication adherence scores (p<0.001). We observed that pre-hospital
medication adherence was significantly lower among patients with lower health literacy or
numeracy. Specifically, the estimated medication adherence score differed by 0.18 (95% ClI
0.02 to 0.34) points per 4 point change in health literacy and 0.28 (95% CI 0.10 to 0.46)
points per 2 point change in subjective numeracy. Psychosocial risk factors, namely lower
levels of social support or perceived health competence, and greater levels of depressive
symptoms, were also associated with more non-adherence. Sociodemographic
characteristics such as male gender, non-White race, and education, also predicted non-
adherence. Two variables that appeared to be related to medication adherence in the
unadjusted analyses (income and marital status) did not exhibit associations with adherence
scores after adjustment for other variables.

Three independent variables, age, education, and social support, exhibited at least some
evidence of non-linear associations with medication adherence (Figure 2). For example, age
less than 65 was associated with more non-adherence, whereas the opposite was seen for
ages between 65 and 75; beyond age 75, the effect of age on medication adherence was not
statistically significant. Interestingly, the association of education with adherence shows at
least some evidence of a U-shape. That is, those with 12 or 20 years of education are
expected to have higher levels of adherence than those with 16 years of education.
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DISCUSSION

This study examined the factors associated with medication non-adherence leading up to
hospitalization for acute cardiovascular conditions. We found that low health literacy and
numeracy were significantly associated with non-adherence, as were non-White race,
younger age, male gender, lower health competence, less social support, and more
depressive symptoms. Several of these individual associations are consistent with prior
findings, and it is important to note that these patient attributes remained significant
independent predictors in the multivariable model when adjusting for these and other
factors.

Prior research has demonstrated that, on average, only 50% of patients take their
medications as prescribed (Osterberg, 2005). Medication non-adherence plays an important
role in acute exacerbations of chronic conditions such as heart failure and coronary heart
disease, resulting in emergency department visits and hospitalizations. In this study, we
found several risk factors for non-adherence (i.e., health literacy, numeracy, social support,
health competence, and depression) that represent potentially intervenable targets for
outpatient disease management. Comprehensive outpatient care coordination that provides
attention to these factors with educational, behavioral, and social interventions has the
potential to improve chronic disease control and prevent some hospitalizations related to
non-adherence.

We hypothesized that lower health literacy and numeracy would be associated with
medication non-adherence, and our findings confirmed this. This research adds to a
relatively small body of adherence studies that have examined health literacy and numeracy
concurrently (Apter et al., 2013; Osborn et al., 2011; Osborn et al., 2013; Waldrop-
Valverde, Jones, Gould, Kumar, & Ownby, 2010). Low health literacy may exert an effect
on adherence by affecting patients’ ability to read and understand the text component of
medication instructions, whereas numeracy could have an effect on patients’ handling of
daily dosage, quantity dispensed, and refill dates. Overall, the prior literature on health
literacy and adherence has demonstrated inconsistent findings, but this may be due in part to
methodological limitations (Loke et al., 2012). Many prior studies were relatively small and
categorized variables for ease of interpretation, but at the expense of data loss. Our large
study had sufficient sample size for modeling a robust set of continuous predictor variables
which were allowed to have linear and non-linear effects. We thus believe our findings to
have a high level of rigor for addressing the longstanding question of whether health literacy
and numeracy are independently associated with medication adherence.

We observed lower medication adherence among non-White patients, the majority of whom
in our sample were Black. This finding is consistent with other research (Dickson,
McCarthy, Howe, Schipper, & Katz, 2013; Heidenreich, 2014; Wu et al., 2010; Zhang &
Baik, 2014), and it is noteworthy that the difference between the two racial groups was
maintained in the multivariate analysis that controlled for health literacy, numeracy and the
other covariates. Other research has shown that health literacy or numeracy may mediate
racial disparities in medication adherence, but that did not wholly occur here, indicating that
more research is needed to clarify this issue (Osborn et al., 2011; Waldrop-Valverde,
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Oshorn, et al., 2010). Low medication adherence on the part of Black patients may partially
explain racial discrepancies in health status, and if it is mediated by health literacy or
numeracy, this could offer an intervention target.

In our analyses, age had both a significant linear and non-linear relationship to medication
adherence. In general, younger cardiovascular patients reported less adherence with their
medication regimens than did older patients, which corresponded to findings from other
studies; this trend, however, changed once patients reached their mid-70’s. The age at which
adherence appears to decline in our sample is approximately 10 years later than in the study
by Akerblad et al., but this could be due to differences in the type of medical condition
(cardiovascular vs. major depression) or the country in which the two studies were
conducted (United States vs. Sweden)(Akerblad, Bengtsson, Holgersson, von Knorring, &
Ekselius, 2008; Bender, Pedan, & Varasteh, 2006; Rolnick, Pawloski, Hedblom, Asche, &
Bruzek, 2013).

It was not surprising that education also had both a linear and non-linear relationship with
medication adherence in our analyses. We would expect that patients with more schooling
would be exposed to more information about the role of medication adherence and health.
What was surprising, however, was the shape of the lower part of the tail for education in
the adjusted analysis where it appeared that patients with only a high school diploma were
more adherent than those with a college degree. More research is required in order to
validate this perhaps counter-intuitive result.

As a group, the strongest predictors of medication adherence in this study were the
psychosocial variables, specifically perceived health competence, depressive mood, and
social support. Our results support the findings of prior work (Burke, 1997; Davis et al.,
2012; DiMatteo, 2004a, 2004b; Krall Scherer, 2001; Kripalani, 2008; Kronish, 2006;
Molassiotis, 2002; Ni, 1999; Osterberg, 2005; Sarkar, 2006), but what is unique about our
study is the demonstration that all three of these constructs independently influence
adherence, even when adjusting for other factors and each other. Cardiovascular patients
who believe themselves capable of taking care of their own health, who exhibit few
symptoms of depression, and/or who perceive support from other people in their lives are
less likely to exhibit medication non-adherence. Like numeracy and health literacy, these
psychosocial factors are addressable in the outpatient setting. The clinical and health system
implications of these findings are that population health programs which successfully
address these targets through educational and behavioral interventions could yield
downstream health benefits including reduced ED visits and hospitalization, as well as lower
cardiovascular morbidity and mortality.

Among the strengths of this study are its large sample size, little missing data, and rigorous
statistical methods, including multiple imputation and examination of nonlinear effects.
Also, inclusion of three known psychosocial predictors of adherence in the same analysis
with health literacy, numeracy, and the other covariates allowed us to see whether each of
them remain significant in the presence of the others.
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Nevertheless, this study had several limitations. First, generalizability may be limited by the
focus on acute cardiovascular hospitalizations and most of the patients having been recruited
from two hospitals in Middle Tennessee, although they were referred to those hospitals from
a wide geographical area. Second, health literacy and medication adherence were measured
by patient self-report, which may be influenced by social desirability bias and a ceiling
effect. Third, patients were asked to report their recent (pre-hospital) medication adherence
and other variables were collected concurrently. The cross-sectional nature of the analysis
limits causal inferences. Fourth, we did not specifically assess the extent to which
medication non-adherence contributed to the patients’ hospitalization, as this would have
required detailed clinical review that was beyond the scope of the study.

CONCLUSION

Medication non-adherence is common prior to cardiovascular hospitalization. This study
identified several factors that are independently associated with non-adherence, including
low health literacy, numeracy, social support, perceived health competence, and greater
depressive symptoms, which represent potential targets for intervention in population health
management. Future research should directly test interventions that identify and address
these factors through educational, behavioral, and social interventions in both inpatient and
outpatient settings, and assess the effect on disease control and hospitalization rates.
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2079 Consented and enrolled

l

1967 Included in present analysis

Figure 1.
Study flow diagram.
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Ineligible:
Patient discharged before eligibility screening (1851)
Declined eligibility screen (1610)
Previously enrolled in VICS or a conflicting study (921)
Too ill to complete in-hospital interview (653)
Cognitive impairment (303)
No reliable contact information for follow-up (154)
Died in hospital before eligibility screen (144)
Vision impairment (127)
Patient unavailable for eligibility screening (116)
Non-English speaking (90)
Hearing impairment (85)
Unstable psychiatric condition (79)
Speech unintelligible (40)
Admitted from nursing home (37)
Left against medical advice (29)
On hospice (20)
Police custody (7)
Persistent delirium (6)

Declined to participate (575)

No medication adherence data:
No pre-hospital medications (96)
Withdrawn from study (16)
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Figure 2.

M?Jltivariable analysis of factors associated with pre-hospital medication adherence.

The effect sizes for subjective numeracy, health literacy, health competence, depression, and
income are expressed in terms of a change of one interquartile range in the value of the
predictor variable. This scaling is done to facilitate effect size comparisons across
continuous variables with different scoring ranges.
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Descriptive statistics and unadjusted associations with medication adherence.

Table 1

Page 15

Medication Adherence (ARMYS)

Diagnosisfr
ACS only
ADHF only
ACS and ADHF
Gender
Male
Female
Marital Status
Not living with spouse
Living with spouse
Race
White
Non-white
Difficulty Paying Bills
Very difficult
Somewhat difficult
Not very difficult
Not at all difficult
Age
Education
Income!
Social Support
Depression
Health Competence
Brief Health Literacy

Subjective Numeracy

Summary*
Distribution (N)
21: 24: 26: 28: 28 (1967)

60.9% (1197)
32.2% (634)
6.9% (136)

57.0% (1122)
43.0% (845)

40.1% (788)
59.9% (1179)

83.2% (1633)
16.8% (329)

17.5% (342)
29.2% (570)
19.3% (377)
34.0% (664)
39:53: 61: 69: 81 (1967)
9:12: 13: 16: 18 (1967)
1:4:6:7:9 (1887)
16: 24: 27: 30: 30 (1965)
1:4:7:12:19 (1957)
3: 6:8:10: 10 (1955)
5:10: 12: 14: 15 (1967)

2:3:5:5:6(1961)

Unadjusted Association with Medication Adherence Score (ARM S-7)**

21:
21:
21:

21:
21:

20:
21:

21:
19:

20:
21:
21:
22:

Measure

24:
24:
24:

24:
24:

25:

25:
23:

23:
24:
24:
26:

26:
26:
26:

26:
26:

: 26:
27:

27:
25:

25:
26:
26:
27:

28:
28:
28:

28:
28:

28:
28:

28:
27:

27:
27:
28:
28:

0.243

0.103

0.161

0.213

-0.265

0.207

0.129

0.182

28
28
28

28
28

28
28

28
28

28
28
28
28

p-value

0.2412

0.7461

0.002%

<0.0011

<0.0012

<0.0013
<0.0013
<0.0013
<0.0013
<0.0013
<0.0013
<0.0013

<0.0013

*
For summary statistics: Continuous variables are displayed as the 5th: 25th: 50th: 75th: 95th percentiles and (N). Categorical variables are

summarized with the percentage and (N).

£

For associations with categorical variables, the distribution of the adherence score is displayed for each category of the independent variable. For
continuous variables, the Spearman’s rho correlation with adherence score is displayed.

+

ACS=acute coronary syndrome; ADHF=acute decompensated heart failure

TTIncome levels: 1=<$10,000; 2=$10,000-14,999; 3=$15,000-19,999; 4=$20,000-24,999; 5=$25,000-$34,999; 6=$35,000-49,999; 7=$50,000—
74,999; 8=$75,000-99,999; 9=$100,000+

1 .
Wilcoxon test
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2 .
Kruskal-Wallis test

3 .
Spearman correlation
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