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Abstract

Background: The effect of the day of the week of discharge on mortality and readmissions in
patients hospitalized due to heart failure (HF) remains unclear. The aim was to determine the
effect of the day of the week of discharge of HF patients on 30-day and one-year mortality
and rehospitalizations.

Material and methods: Inclusion criteria were hospitalization due to HF exacerbation in the
2013 year according to the National Health Fund data. The primary outcome variable was all-
cause mortality and the secondary the first readmission due to HF exacerbation. Survival
analysis was performed for outcomes according to the day of the week of discharge adjusting
for age, sex, duration of the hospitalization, HF severity, type of ward, and fulfilling
prescription for selected medications within the 30-day post-hospitalization period.

Results: The analysis included 96,219 patients (median age 77.0 yrs., 46.3% males). The
mean all-cause one-year mortality was the highest on Sundays when compared with other
days separately in the Cox analysis [hazard ratio (HR): 1.40; 95% confidence interval (CI):
1.23-1.59; p < 0.001] and also when compared with the other weekdays pulled (27.8% vs.
21.8%, p <0.001). The 30-day mortality was the highest for Sunday discharges in the Cox
analysis [HR: 2.14; 95% CI: 1.78-2.57; p < 0.001]. The day of the week of discharge did not
affect rehospitalization rates.

Conclusions: The day of the week of discharge of HF patients matters as it may be related to
the prognosis.

Key words: day of the week; heart failure; mortality; readmission

Introduction

High post-hospital mortality and high rates of readmissions are significant problems in heart
failure (HF) [1]. The day of the week of admission may influence the length of stay and in-
hospital death, but this association has been inconsistent in HF patients among studies [2, 3—
5]. It should be noted that the most common causes of heart failure development worldwide
remain hypertension and coronary artery disease. When admitting a patient with an
exacerbation of heart failure, it is necessary to evaluate and determine the causes of newly
diagnosed heart failure or its exacerbation. Likewise, before the patient is discharged, it is
important to determine whether potentially exacerbating factors are well managed, such as
blood pressure control or fluid balance. Discharge of the HF patient on a day off may

potentially have multiple effects on the future of the patient. While many studies have looked
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at the effect of the day of the week on admission in HF patients, fewer studies have tested the
effect of the day of discharge on mortality and readmission rates [2, 6].

The study aimed to determine the effect of the day of the week of discharge on 30-day and
one-year mortality, on the frequency of rehospitalization, and the purchase of drugs with a

proven reduction of HF mortality in the 30-day post-discharge period.

Material and methods

The data collected by the National Health Fund (NHF) were used. NHF remains the only
public and obligatory health insurer in Poland. The NHF database includes data on all patient
admissions and discharge dates, main diagnoses, birth and death dates, and fulfilling drug
prescriptions all over the country. Inclusion criteria were patients who were hospitalized with
the International Classification of Diseases Tenth Revision (ICD-10) diagnosis code of 150
(congestive heart failure) due to HF exacerbation (specific NHF codes) in the 2013 year. We
excluded patients who were hospitalized with the ICD-10 code 150 in the previous year
disregarding the main reason for the hospitalization as well as the patients who died during
the index hospitalization.

The primary outcome variable was all-cause mortality and the secondary was the first
readmission due to HF exacerbation.

Survival analysis was performed for primary and secondary outcomes according to the day of
the week of the discharge adjusting for age, sex, length of stay (LOS) of the index
hospitalizations, severe HF as reported to NFH (defined as need for vasopressors or dialysis),
type of ward (cardiology vs. non-cardiology) and fulfilling (or not) prescription for at least
one of the selected medications with proven influence for HF mortality including angiotensin
converting enzyme inhibitor (ACEI)/angiotensin receptor blocker (ARB), mineralocorticoid
receptor antagonist (MRA), beta-blocker (BB) within the period of 30 days after index
hospitalization. Endpoints were censored 365 days after discharge. The data obtained from

NHF were encrypted using personal identifiers before the authors had any access to them.

Statistics

Variables were compared using the Chi2 test and Kruskal-Wallis test according to the day of
discharge. The analysis also included the bivariate comparison between pulled weekdays and
respectively Sundays, Saturdays or both weekend days combined using the Chi2 test and
Mann—Whitney U test.
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Estimates of cumulative event rates were calculated using the Kaplan—Meier method with the
log-rank comparison of survival curves. Cox proportional-hazards analyses were performed
for primary and secondary outcomes using above-mentioned variables that present p < 0.1 in
univariate analysis. We used the combined data regarding BB, ACEI, ARB, or MRA use.

P values of less than 0.05 were considered significant. The statistical analysis of the data was
performed using R (R version 3.6.1, R-core Team, R Foundation for Statistical Computing,
Vienna, Austria, 2019, https://www.r-project.org), graphs with “survminer” and ‘forestmodel”
R packages.

The study was not considered for review by the local ethical committee since the database
was previously collected by a government agency and all data were fully anonymized, and

fully encrypted before the authors had any access to them. There was no direct patient contact.

Results

The analysis included 96,219 patients (median age 77.0 yrs., 46.3% males) fulfilling the
inclusion and exclusion criteria (Fig. 1). On weekend days 5.34% discharges took place. The
lowest discharge rate (1.2%) occurred on Sundays, the highest (24.3%) on Fridays.

The characteristics of all patients and comparison among the distinctive days of the week is
depicted in Table 1. The significant differences in the patients’ characteristics between
weekdays of the discharge included length of stay, severe HF according to specified criteria,
fulfilling prescriptions for the drugs of interest and ward type. Of note the median of length of
stay was significantly (by 1 day) shorter, the percentage of severe HF approx. 1.5 higher and
the rate of fulfilling prescriptions for the drugs of interest approximately 10% lower in case of

patients discharged on Sundays as compared with the pulled working days (Tab. 1).

Mortality

The all-cause one-year mortality in all patients was 21.9%, being significantly different
according to the day of the week of the discharge in unadjusted survival analysis (log-rank p <
0.0001; Fig. 2). The highest one-year mortality rate was linked to the Sunday discharges
compared with the other weekdays pulled (27.8% vs. 21.8%, p < 0.001). One-year mortality
was not different between Saturday discharges comparing weekdays discharges pulled or
between weekend days vs. weekdays (Tab. 1). In the Cox analysis comparing days separately,
one-year mortality was significantly higher for Sunday discharges compared with the other
days [hazard ratio (HR): 1.40; 95% confidence interval (CI): 1.23-1.59; p < 0.001, Saturday

discharges presenting the lowest mortality were used as a reference].
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Cox analysis with all covariates for one-year mortality is presented on Figure 3. The mortality
was higher for higher LOS, in patients {???} and discharges from non-cardiology wards.

The respective analysis for 30-day mortality was similar, with the significant difference
according to the day of the week of the discharge in unadjusted survival analysis (log-rank p <
0.001).

The highest 30-day mortality rate was linked to the Sunday discharges compared with the
other weekdays pulled (10.8% vs. 5.3%, p < 0.001). In the Cox analysis comparing days
separately, 30-day mortality was significantly higher for Sunday discharges compared with
the other days (HR: 2.14; 95% CI: 1.78-2.57; p < 0.001). Other significant covariates in Cox
analysis for 30-day mortality were similar to the one-year mortality analysis, with one
exception for lower mortality after discharge from non-cardiology ward (HR: 0.93; 95% CI:

0.89-0.98; p < 0.001; Friday discharges (the lowest mortality) were used as a reference).

Readmissions

One-year rate of rehospitalization due to exacerbation of HF was 10.6%, 30-day rate was
4.3% in all patients. Survival analysis revealed no differences in long or short-term
rehospitalization rate according to the day of the week of the discharge in unadjusted and

adjusted survival analysis.

Discussion

Similarly to the other studies, the largest number of discharges (24.3%) occurred on Fridays
and was the lowest on Saturdays (1.2 %). On weekend days 5.34% of discharges took place.
In the OPTIMIZE-HF (Organized Program to Initiate Lifesaving Treatment in Hospitalized
Patients with Heart Failure) analysis regarding day of the discharge the respective percentages
were 19.4%, 7.1%, and 18% [2]. The low weekend-day discharge rate in HF patients in
Poland probably reflects national institutional specificity. As McAlister notes “Although daily
discharge rates on Saturday and Sunday are lower than those for the other 5 days of the week,
bed shortages and hospital overcrowding have increased interest in maximizing week-round
discharge efficiency” [6].

The results of our study revealed that HF patients discharged on Sundays had two times
higher 30-day and 40% higher 1-year mortality compared with those discharged on the other
days of the week. The effect of the day of the discharge was independent of patient
characteristics such as age, gender, duration of hospitalization, type of the ward, HF severity,

and fulfilling the prescriptions of HF drugs with a proven influence on HF mortality in the
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Cox analysis. No similar effect was observed for the Saturday discharges. In contrast to some
previous studies, we tested the influence of the weekend days separately [6].

The 30-day and 1-year readmission rate due to exacerbation of HF was unaffected by the day
of the week of the discharge in contrast to the mortality which may result from the fact that
we calculated the readmission for the exacerbation of HF only. The true number of
readmissions for HF may be higher since the common practice in Poland is to avoid coding
readmission with the same code if readmission appears early after the index hospitalization to
increase reimbursement.

The large OPTIMIZE-HF registry, which included 48,612 HF patients from 259 US hospitals,
did not reveal differences in 60- and 90-day death or rehospitalization rates after discharge
regardless of day of the week [2]. However the analysis included a probably non-
representative sample of selected registry patients and has not been adjusted on some
important factors such as urgency of admission (elective/non-elective) or intensive care use.
Moreover the follow up was limited to a prespecified patient subgroup (10%) provided by
selected 90 hospitals.

A more recent analysis of 12.216 patients discharged from teaching hospitals and 12,157
patients from nonteaching hospitals in Alberta, Canada showed that 84% of discharges
occurred on weekdays. Compared with weekend discharge from a nonteaching hospital, 30-
day death/readmission rates were lower for weekday discharge from a nonteaching hospital,
weekend discharge from a teaching hospital, and weekday discharge from a teaching hospital
[6]. Similarly to our analysis, the authors used administrative data, which precludes fully
adjusting for the severity of HF or functional class. In contrast to our analysis, prescribing
data was unavailable.

The mean age and comorbidities may influence the results. We had no data regarding
concomitant diseases but in the pulled analysis of hospitalized patients from two Polish
cohorts of European registries (ESC-HF Pilot and ESC-HF-LT) of HF patients, hypertension
was diagnosed in 68.9%, coronary artery disease (CAD) in 43.6%, atrial fibrillation (AF) in
43.6% pts, diabetes in 35.1%, chronic kidney disease (CKD) 20.9%, chronic obstructive
pulmonary disease (COPD) 18.8% of patients. In the above-mentioned study the mean age
and one-year mortality were lower than in our cohort [7]. Given the high rate of hypertension
in patients hospitalized for heart failure exacerbation, in many patients the causes of heart
failure exacerbation are related to suboptimal blood pressure control, years of under-treated
hypertension, left ventricular hypertrophy, and diastolic dysfunction. In our cohort, the main

diagnosis was heart failure, not coronary artery disease, which is more favorably financed.
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Therefore, it can be speculated that most patients were hospitalized for reasons other than
coronary artery disease for heart failure exacerbation.

Our cohort represents real-life data including all hospitalizations due to exacerbation of HF in
the index year all over the country in contrast to earlier studies that also included stable and
outpatient HF patients and were conducted mostly by the tertiary level centers, probably
selecting patients with smaller number of concomitant diseases, with better compliance and
better care.

Our study group probably included more patients with de novo heart failure, since
hospitalization with the diagnosis of HF during the previous year was an exclusion criterion.
Reduced healthcare staffing at weekends may result in some drawbacks including discharge
by the doctor on-duty instead of by the doctor in charge, limited comments on life-style
change recommendations and possible errors in drug prescriptions. One may speculate that
providing the instructions to the patients may be suboptimal on Sundays. Patients discharged
on days off may have potentially worse or delayed access to a family doctor, specialist clinics,
and may not purchase drugs on the day of discharge (and on subsequent ones). On weekends a
greater proportion of the patients may be discharged on their own demand, before the
diagnostic and therapeutic process was completed.

Our results indicate that the two weekend days (Saturdays and Sundays) should not be pulled
together and should be analyzed separately. While staffing appears to be similar on Saturdays
and Sundays other factors linked rather to the patient characteristics should be taken into
consideration, to explain the higher mortality following the Saturday discharges.

Indeed clinical characteristics differed between patients discharged on Sundays as compared
with those discharged on weekdays, but these factors were included in the Cox analysis and
the differences in mortality appeared independent of included covariants. Some of the
differences were subtle, e.g., LOS or severe HF and although statistically significant do not
explain well the clinically important differences in mortality between above-mentioned
groups. Interestingly the rate of fulfilling prescriptions for the drugs of interest was
approximately 10% lower in patients discharged on Sundays. Some of the Saturday
discharges might be planned initially on Fridays, and subsequently transferred to Saturday,
e.g., because of the problems with transportation or with providing the care of the family
members. One should also take into account the fact that on days off you may get
unsubscribed more frequently for various reasons.

Among potential factors that may explain the association between weekend hospital

discharges, McAlister et. al. mentioned incomplete handover between professional caregivers,
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limited support services (such as consultation services or diagnostic imaging), and decreased
availability of community services (including home care and social support services) [6].
Analysis of the data for 81,810 HF admissions at hospitals participating in Get With the
Guidelines program revealed that patients with HF discharged on a weekend received less
complete discharge instructions than those discharged on weekdays and were less likely to
have their left ventricular ejection fraction measured [3].

The novelty of our study was the inclusion of fulfilling prescriptions in the post discharge
period into the analysis. In our cohort a much lower percentage of patients filled prescriptions
for HF drugs comparing treatment at discharge in the Polish cohorts of European registries
[7].

The patients discharged on Sundays present the lowest rate of drug prescription fulfillment.
Although the link between Sunday discharges and mortality rate in the Cox analysis was
independent of drug prescription fulfilling rate, this phenomenon may indicate to poorer
adherence to the recommendations essential in HF patients (e.g. low sodium diet, moderate
fluid intake, assessing the weight, taking drugs systematically) who are discharged on
Sundays.

As Dharmarajan and Krumholz note in their editorial, the analyses of discharge day do not
usually account for the range of factors that may influence risk after hospitalization such as
patients’ clinical characteristics, the quality of both hospital and transitional care, and the
post-hospital environments to which patients are discharged [8]. Not surprisingly, different
methodological approaches have shown weekend discharge to be associated with a range of
outcomes including lower [9], identical [10], and higher [6] rates of unplanned readmission
and death.

Strengths of our study in contrast to many above-mentioned studies include the fact that our
cohort included patients from all over the country in the year of interest and was not limited to
selected regions of the country or the institutions. The data were collected systematically and
prospectively by a single insurer. Moreover, we included into our analysis the real-life data

regarding fulfilling prescriptions for the drugs with proven influence on mortality.

Limitations of the study
Our study presents the typical limitations of a retrospective analysis of reimbursement data.
Due to the limitations of the NHF database, we were unable to assess many other important

clinical parameters such as blood pressure, ejection fraction, laboratory tests [B-type
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natriuretic peptide (BNP) or N-terminal pro-B-type natriuretic peptide (NTproBNP), plasma
creatinine, natremia, hemoglobin] and concomitant diseases.

However, we had data on the duration of hospitalization, advanced HF (requiring treatment
with positive inotropes or renal replacement therapy), and post-discharge treatment.

Autopsies are rarely performed in Poland and a majority of deaths took place outside hospitals

therefore we were unable to establish the cause of death.

Conclusions

In conclusion the day of the week that patients with heart failure are discharged from hospital
may be related to the prognosis. Therefore, the importance of the relationship between
mortality and discharge date requires further investigations. Due to the many determinants of

this relationship, they require careful identification.
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Figure Legends

Figure 1. The flowchart of patient selection.

Figure 2. The primary endpoint in all patients.

Figure 3. Cox analysis for primary endpoints in all patients.

Table legend
Table 1. Characteristics of the group and subgroups.

LOS - length of hospitalization; BB — beta-blocker; ACEi — angiotensin converting enzyme

inhibitor; ARB — angiotensin receptor blocker; MRA — aldosterone receptor antagonists; 1-7 —

Mondays to Saturdays. Data is presented as numbers (percentages) or medians (IQRs).
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