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Purpose: Unplanned hospital readmission forms costly, but preventable burdens on healthcare system. This study was designed to 
evaluate cardiovascular-related readmission rate after discharge of acute coronary syndrome (ACS) patients and its relationship with 
medication adherence at a university hospital, Saudi Arabia.
Methods: A total of 370 consecutive patients presenting with ACS were involved. The inclusion criteria were clinical and coronary 
angiography diagnostic data of ACS. Exclusion criteria included heart valve disease, myocarditis, hepatic disease, and history of acute 
infection during the previous two weeks. Patients were divided into index admission group (n = 291) and unplanned readmission group 
(n = 79). Readmission and medication adherence rates were evaluated during 1–30, 31–180, 181–365, and 366–548 days post-ACS 
discharge. Medication adherence was estimated with a (yes/no) questionnaire.
Results: The overall readmission rate was 21.4%; individual rates were 30.4%, 38.0%, 27.8%, and 3.8% and the overall medication 
adherence rate was 62.03%, while individual rates were 54.2%, 70.0%, 63.6%, and 33.3% during the four periods, respectively. There 
were strong correlations between medication non-adherence and readmission rates. Heart failure, ST-elevated myocardial infarction, 
unstable angina, cerebrovascular accident, and arrhythmia represented the top causes. Body mass index was higher in readmission 
group. There were significant correlations between smoking, hypertension, cerebrovascular accident, ischemic heart disease, previous 
stent, instent restenosis, and LDL-cholesterol as predictor factors and readmission rate.
Conclusion: The cardiovascular-related unplanned readmission rate post-ACS discharge was 21.4%, and medication non-adherence 
rate was 37.97%. There were strong correlations between them in the time frames from 1-month to 1.5-year post-discharge. The 
individual rates decreased by time, but the first month showed lower rates than the following 5 months and this indicated the role of 
factors other than medication non-adherence in readmission. The rates are generally consistent with the international levels but 
utilizing technology can further improve medication adherence and reduce readmission rates.
Keywords: medication adherence, readmission rate, acute coronary syndrome, Saudi Arabia

Introduction
The unplanned hospital readmission forms a costly burden on the healthcare system, thus guidelines were implemented to reduce 
it through recognizing its causes, improving transitional care, and engaging patients.1 Broadly defined, the index admission is the 
initial (original) hospital admission with a main diagnosis of “a specified condition that meets the inclusion and exclusion criteria 
for that measure”, while any subsequent admission is called readmission. Readmission within 30 days is used in many studies as 
an indicator of the quality of care received at the hospital, while readmissions occurring later may be more related to the 
outpatient care.2 The Hospital Readmission Reduction Program executes a financial penalty for hospitals with excess rates of 
30-day readmissions for four conditions with high volume and costs among Medicare beneficiaries which are acute myocardial 
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infarction (AMI), congestive heart failure (CHF), chronic obstructive pulmonary disease, and pneumonia. Readmissions may or 
may not be related to the original cause for index admission.3

The acute ischemic syndrome (myocardial infarction and unstable angina) patients receive hospital-based acute care 
therapy; then, they are discharged with secondary prevention medications for chronic therapy. Unfortunately, some patients 
suffer again for a short duration and are readmitted to hospital. The readmission rates at 30 days and one year of acute coronary 
syndrome (ACS) discharge were 34.3%, and 61.7%. Kidney disease and diabetes mellitus predicted all-cause readmissions at 
the first month and first year, but there were no strong predictor factors of cardiovascular-related readmissions. Many 
readmissions were not related to the index admission and thus were not easily predicted with the common clinical 
parameters.4 The 30-day readmission post-ACS discharge is common and associated with increased mortality, but due to 
the patients’ and diseases’ variations, making a certain association with the index admission is elusive and not simply 
predicted. Therefore, 30-day readmission rates remain controversial as measures of healthcare quality.5

Strong adherence to the secondary prevention medications, used to prevent a second attack of acute coronary syndrome, 
decreases morbidity and mortality after ACS.6 Medication adherence is “the extent to which a patient takes treatments as 
prescribed by their healthcare providers and is often quantified as the percentage of prescribed treatments that are taken by the 
patient”.7 Unfortunately, the definitions and quantifying methods of medication adherence vary across trials, making it 
difficult to compare results.8 Non-adherence to a medication could be a failure to begin, a premature cessation, or not taking 
it as scheduled.9 In a clinical trial, “good adherence” to statins was defined as using statins without decline of dosage up to 6 
months post discharge, while “poor adherence” was identified as using statins at discharge but with either stoppage or dosage 
decline at 6 months post discharge.10 Adherence to antiplatelets after coronary intervention among patients with myocardial 
infarction was evaluated by asking patients whether they took the antiplatelet as prescribed.11 The direct measurements of 
medication adherence include observed administration and measuring blood concentration of a medication, while the indirect 
measurements include patient self-report, pill count, pharmacy refills, and electronic monitoring.12 The direct methods are 
more precise, but difficult and costly while indirect methods are easier but less reliable.13 Medication non-adherence is 
estimated to account for about 10% of hospitalizations in the United States annually.8 Unfortunately, variations in the 
quantifying methods of medication adherence make the comparison among studies difficult and an exact estimation of the 
costs somewhat impossible. Thus, “standardization of the estimating measures and development of a streamlined approach to 
quantify costs is required”.14

Taken together, this study was designed to evaluate the cardiovascular-related early and late unplanned readmission 
rate after acute coronary syndrome (ACS) discharge during four time frames; equivalent to 1–30, 31–180, 181–365, and 
366–548 days post-discharge; and its relationship with the adherence rate to the secondary prevention medications in 
patients presenting with ACS at Coronary Care Unit at a university hospital, Western Saudi Arabia.

Materials and Methods
Subjects and Study Design
This cross-sectional observational study was approved by KAU-Research Ethics Committee (Ref. No. 467–21) and was 
performed in accordance with the Helsinki Declaration. All participants’ names have been changed to numbers. A total of 
370 consecutive patients presenting with acute coronary syndrome (ACS) were recruited from the Coronary Care Unit at 
King Abdulaziz University Hospital from September 2020 to March 2022. The patients underwent coronary angiography 
and presented ACS according to American Heart Association guidelines.15 The inclusion criteria were clinical and 
coronary angiography diagnostic data of ACS. The exclusion criteria included heart valve disease, myocarditis, hepatic 
disease, and history of acute infection during the previous two weeks. The early and late unplanned readmission rates 
post ACS discharge were evaluated throughout four time frames; equivalent to 1–30, 31–180, 181–365, and 366–548 
days; post-ACS discharge. The demographic data and clinical criteria of the patients, including age, gender, weight, 
height, body mass index (BMI), smoking, hypertension, diabetes mellitus, dyslipidemia (low-density lipoprotein (LDL) 
cholesterol level, were considered optimal if <2.58 mmol/L),16 and creatinine levels were collected.

Medication adherence was measured indirectly through patient self-reporting. Patients were asked (yes/no) questions 
about proper use of medications in the following wording (do you take your medications as prescribed by your 
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physician?). The medication adherence questionnaire included questions about the post-ASC medications including 
antithrombotics, antihypertensives, and statins. During the four time frames of the study, the medication adherence was 
measured as previously described where the proportion of days covered (PDC); which is the number of days that the 
medication was taken by the patient; was calculated. The patient was defined to be a full adherent if he had a PDC of at 
least 80%.17

Statistical Analysis
Data were analyzed using SPSS software (version 22, SPSS Inc., IL, USA). Continuous variables were presented as Mean ± SD. 
The independent samples t test and ANOVA followed by Tukey’s post-hoc test were used for comparing the different groups. 
The correlations between readmission and the demographic and clinical data were determined by the linear regression analysis. 
Spearman correlation was used to analyze relationships between medication adherence in the early and late periods between 
index admission and readmission in the ACS patients. A multivariate regression model with readmission as the dependent 
variable and medication non-adherence as the predictor variable was conducted with adjustment for cardiovascular disease risk 
factors. P values less than 0.05 were considered significant.

Results
Relation Between Readmission Rate and Demographic and Clinical Criteria
Of the 370 patients admitted at the study period, 79 had unplanned readmissions; thus, the patients were divided into 
index admission group (n = 291, 78.6%) and readmission group (n = 79, 21.4%). Of the 79 readmitted patients, the 
cardiovascular-related causes of readmission were heart failure, ST-elevated myocardial infarction, unstable angina, 
cerebrovascular accident, and arrhythmia accounting for 22, 10, 39, 5, and 3 cases, respectively. Table 1 shows the 
participants’ demographic characteristics and risk factors. The body mass index (BMI) was significantly higher in the 
readmission group. Table 2 shows the linear regression analysis between age, gender, weight, height, BMI, smoking, 

Table 1 The Participants’ Demographic and Clinical Criteria

Index Admission (n = 291) Readmission (n = 79) Total Participants (N = 370)

Gender 235/56 (80.8/19.2%) 61/18 (77.2/22.8%) 296/ 74 (80.0/20.0%)

Smoking 62/229 (21.3/78.7%) 20/59 (25.3/74.7%) 82/288 (22.2/77.8%)

Hypertension 161/130 (55.3/44.7%) 51/28 (64.6/35.4%) 212/158 (57.3/42.7%)

Diabetes mellitus 151/140 (51.9/48.1%) 49/30 (62.0/38.0%) 200/170 (54.1/45.9%)

Cerebrovascular accident 8/283 (2.7/97.3%) 7/72 (8.9/91.1%) 15/355 (4.1/95.9%)

Ischemic heart disease 85/206 (29.2/70.8%) 37/42 (46.8/53.2%) 122/248 (33.0–67.0%)

Previous stent 59/232 (20.3/79.7%) 22/57 (27.8/72.2%) 81/289 (21.9–78.1%)

Instent restenosis 13/278 (4.5/95.5%) 11/68 (13.9/86.1%) 24/346 (6.5–93.5%)

Age 56.24 ± 10.79 57.73 ± 10.55 56.56 ± 10.74

Weight 75.59 ± 14.29 77.33 ± 12.28 75.96 ± 13.89

Height 165.42 ± 9.56 163.89 ± 12.43 165.09 ± 10.24

Body mass index (BMI)* 27.32 ± 4.45 29.22 ± 6.95 27.72 ± 5.13

LDL (mmol/L) 3.31 ± 1.23 3.10 ± 1.36 3.27 ± 1.26

Creatinine level (µmol/L) 92.48 ± 63.61 92.86 ± 50.88 92.56 ± 61.05

Notes: Data were presented as frequencies and percentages for gender (Male/Female), and for smoking, hypertension, diabetes mellitus, cerebrovas-
cular accident, ischemic heart disease, previous stent, and instent restenosis (present/absent). Data were presented as mean ± SD for age, weight, 
height, BMI, low-density lipoprotein (LDL) level, and creatinine level. *P <0.05 (= 0.023).
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hypertension, diabetes mellitus, and low-density lipoprotein (LDL) level as predictor variables and readmission rate as 
a dependent variable. The coefficient of determination (R2) showed significant values with smoking, hypertension, 
cerebrovascular accident, ischemic heart disease, previous stent, and instent restenosis, while they showed non-significant 
values with the other predictors indicating absent or poor correlation.

Relation Between Readmission During the Four Post-ACS Discharge Time Frames and 
Medication Adherence
The overall medication adherence rate was 62.03% and the individual adherence rates decreased with time during the late 
three post-ACS discharge periods, but the adherence rate in the early first period was lower than that of the second 
period. Similarly, the individual readmission rates decreased with time during the late three post-ACS discharge periods, 
but the readmission rate in the early first period was lower than that of the second period. There was a strong significant 
correlation between the overall medication non-adherence rate and readmission rate. Also, strong significant correlations 
were detected between the individual medication non-adherence rates and readmission rates during the four post-ACS 
discharge periods (Table 3 and Figure 1).

In addition, in the readmission group, a multivariate regression model analysis with readmission as the dependent 
variable and medication non-adherence as the predictor variable was made with adjustment for cardiovascular disease 
risk factors. The analysis showed smaller values of Wilks lambda and significant values with ischemic heart disease and 
LDL level indicating more discriminatory ability of these predictors (Table 4).

Discussion
Hospital readmission of patients with ACS is related to numerous factors including type of treatment and adherence to 
secondary prevention medications. Data from 48 Ministry of Health hospitals in Saudi Arabia from 2016 to 2019 showed 

Table 2 The Coefficient of Determination (R2) Values and P values of Linear Regression Analysis Between 
Demographic Data and Risk Factors as Predictor Variables and Readmission Rate as a Dependent Variable in the 
ACS Patients

Model Predictor R2 values Model Predictor R2 values

1 Gender 0.001 8 Diabetes mellitus 0.007

2 Age 0.004 9 Cerebrovascular accident* 0.022

3 Weight 0.007 10 Ischemic heart disease** 0.045

4 Height 0.009 11 Previous Stent** 0.050

5 BMI 0.029 12 Instent Restenosis*** 0.067

6 Smoking* 0.043 13 LDL level 0.005

7 Hypertension* 0.044 14 Creatinine level 0.005

Notes: *P <0.05 (= 0.025, 0.037, 0.018 respectively), **P <0.01 (= 0.001, 0.001), ***P <0.001. In models 1–7, the predictor variable in model 1 
was gender, in model 2 was gender and age, and so on. The same applies to models 8–14 starting with diabetes mellitus. 
Abbreviations: BMI, body mass index; LDL, low-density lipoprotein cholesterol.

Table 3 The Frequencies and Percentages of Medication Adherence and Readmission Rates During the Four Post-ACS Discharge 
Periods

Period (Days) 1st (1–30) 2nd (31–180) 3rd (181–365) 4th (366–548) Total

Adhere/Non-adhere 13/11 (54.2/45.8%) 21/9 (70.0/30.0%) 14/8 (63.6/36.4%) 1/2 (33.3/66.7%) 49/30 (62.03/37.97%)

Readmission rate 24 (30.4%) 30 (38.0%) 22 (27.8%) 3 (3.8%) 79 (100%)
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that ischemic heart disease was the most prevalent cardiovascular cause of readmission. A machine-learning model can 
be utilized to identify cardiovascular patients with a high risk of readmission.18 In patients over 65 years with acute 
myocardial infarction, the readmission rate within one year of hospital discharge was 49.9% and the amounts of 
readmission and mortality were higher in the early months post-discharge but decreased later. The risk trajectories 
varied by discharge diagnosis and outcome and thus to reduce adverse outcomes, patients should stay vigilant for health 
deterioration post discharge with proper medical support.19

In a retrospective study conducted to determine the rate and risk factors for 30-day readmission in internal medicine 
department at King Abdulaziz University Hospital, 678 of 3838 patients (18%) had readmission. Patients were 52 ± 21.2 
years-old and more likely females. The risk factors included DM, hypertension, bed sores, stroke, and sepsis.20 In 
a retrospective study for patients admitted for heart failure to King Abdulaziz Medical City in Saudi Arabia, the 30 and 
90-day readmission amounts of HF were 39.6% and 37.6%. The significant predictors for 30-day readmission were 
hypertension, chronic kidney disease, hypothyroidism, and pulmonary diseases, while those for 90-day readmission 
included BMI, dyslipidemia, renal dysfunction, dysrhythmias, and lung diseases.21 Another cross-sectional study at 
Prince Sultan Military Medical City, Saudi Arabia with 213 patients showed that the rate of readmission to hospital by 

Figure 1 Frequencies of medication adherence and readmission rates during the four post-ACS discharge periods.

Table 4 The Wilks Lambda (WL) and P values of Multivariate Regression Model Analysis Between Readmission Rate 
as the Dependent Variable and Medication Non-Adherence as the Predictor Variable with Adjustment to 
Cardiovascular Disease Risk Factors in the Readmission Group (n = 79)

Model Predictor WL values P values Model Predictor WL values P values

1 Gender 0.900 0.296 5 Diabetes mellitus 0.953 0.222

2 Age 0.919 0.379 6 Ischemic heart disease* 0.024 0.024

3 Smoking 0.998 0.944 7 Previous Stent 1.000 1.000

4 Hypertension 0.992 0.779 8 LDL level* 0.000 0.022

Note: *P <0.05.
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home health care patients was 43.66%. Most of the readmitted patients were 75–85 years old and nearly 60% of them 
were males. Polypharmacy and diabetes mellitus (DM) were the most frequent causes of readmission.22 In a recent 
retrospective study, the medication-related readmissions within 30 days post discharge in older patients (≥65 years) were 
common accounting for 20–40% of hospital readmissions. The risk factors included polypharmacy and potentially 
inappropriate medication therapy or regimens. This indicates the importance of care planning before discharge and 
managing medications post discharge to decrease the rate of medication-related readmissions.23

Disappointingly, the patient adherence to the secondary prevention medications after ACS is low, ranging between 
40% and 75% in different studies.24,25 Many factors are responsible including lack of motivation and education about 
medications, forgetfulness, polypharmacy, and low practical support. Utilizing technology like computer-based education 
and mobile phone reminders is an evolving strategy to improve adherence in patients with ACS.6 In a recent systematic 
review, it was reported that adherence to secondary prevention medications after ACS is suboptimal. Women with ACS 
had poorer adherence to statins than men, but no gender-related differences were reported regarding adherence to 
antiplatelets, inhibitors of the renin angiotensin system, and beta blockers.26 In another study, ACS patients with 90% 
adherence to beta blockers had a lower risk of major adverse cardiovascular events compared to those with <90% 
adherence, but no significant associations were found between non-adherence to statins or the renin angiotensin system 
inhibitors and the adverse outcomes.27 In a study on 216 patients to identify the predictors for readmission to help in 
planning and guiding hospital discharge, the incidence of readmission was 15.7% and only 50% of the patients were 
highly adherent to medications. Most patients were males with a mean age of 60 years and the risk factors were sedentary 
lifestyle and hypertension. Surgical treatment was the only independent predictive factor for readmission.28 A recent 
study showed that 1 in 7 and 3 in 4 patients were readmitted after percutaneous coronary intervention within 30 days and 
beyond 3 years. Interventions like discharge checklists and assessment of medication adherence at follow-up should be 
implemented to decrease readmissions.29 In a pilot randomized clinical trial, the four-item Morisky Medication 
Adherence Scale was used to evaluate medication adherence at 30 days and one year post discharge. The medication 
adherence decreased after the first month and readmission and mortality rates were related to low adherence.30 In a cross- 
sectional study on 250 patients with ACS, it was found that 5.6%, 58%, and 36.4% of the patients had high, moderate, 
and poor medication adherence post-discharge indicating that the medication adherence rate was mostly poor to 
moderate.31 Low adherence to medications significantly affects the frequency of readmissions and mortality.30 In 
a study of 536 patients with ACS, the readmission rate was 21.4% with ACS and heart failure as the main causes of 
readmission. However, using a hospital-based sample without complete follow-up data is a limitation, thus patients 
should remain vigilant for health deterioration post ACS discharge.32 More successful therapy will reduce clinical 
deterioration which requires hospital re-admissions.33

Generally, barriers to medication adherence include patient-related, medication-related, and disease-related factors in 
addition to socioeconomic and healthcare system factors.34 Improving medication adherence in cardiovascular medicine 
improves clinical outcomes and decreases healthcare costs.35 Providing reminders via smartphones, repeat contacts 
(visits/follow up) with the patients, and reducing medication cost seemed to be effective methods to improves 
adherence.8 The guidelines of the American College of Cardiology and American Heart Association give a class 
I recommendation for patients with ischemic heart diseases to have treatment plans promoting medication adherence 
during hospitalization, before discharge, and at follow-up visits.36,37 Also, the 2018 guideline on management of blood 
cholesterol gives a class I recommendation for interventions to improve adherence like telephone reminders and 
simplification of the drug regimen.38 These recommendations indicate importance of medication adherence in ischemic 
heart diseases, however implementation of these guidelines into clinical practice requires strong resource commitment 
from healthcare providers to significantly affect adherence and clinical outcomes.8

Adherence to antiplatelets among ACS patients was quite high at the first month, but begins to decline by 6 months, 
12 months, and more than 12 months. The patients who have average monthly income, can easily reach the hospital, and 
have timely re-examination, were more adherent to therapy.11 However, even with relatively comprehensive claims data 
on patients, physicians, and costs, the ability to explain adherence is still poor indicating that administrative data most 
likely do not capture numerous complicated mechanisms underlying adherence.17
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Strengths of this work included study of readmission over four time frames extending from the first month to 1.5 
years post-ACS discharge. Secondly, all potential confounders including age, sex, and clinical characteristics were 
adjusted. Also, we used a common measure of adherence; the proportion of days covered (PDC); which is the number of 
days that the medication was taken by the patient. However, the study has important limitations. First, medication 
adherence was assessed by a single question at readmission, and not by using the Morisky Medication Adherence Scale30 

or the Brief Medication Questionnaire39 because there are no validated Arabic versions of these scales. However, using 
a single question could be a suitable way for screening, for example, a single-question test for drug use was validated as 
a screening test in a sample of primary care patients.40 Second, patient self-reporting is an easier but less reliable measure 
compared with the direct method of estimating medication non-adherence and thus misclassification of some patients 
may have occurred, and this underestimates the strength of the associations observed. Side effects of medications were 
not recorded because this work did not aim to detect the causes of medication non-adherence, however this is considered 
a third limitation of the study. A fourth limitation is that lipoprotein (a) is not estimated because its levels are extremely 
variable, under strict genetic control, and are difficult to manipulate.41 Finally, the results of the current study were 
limited by the cross-sectional study design, the relatively short duration (1.5 year), and the relatively small sample size.

Conclusion
The cardiovascular-related readmission rate after discharge of acute coronary syndrome patients was 21.4%. The causes 
were heart failure, ST-elevated myocardial infarction, unstable angina, cerebrovascular accident, and arrhythmia. The 
increased body mass index, smoking, hypertension, and cerebrovascular accident, ischemic heart disease, previous stent, 
instent restenosis, and LDL-cholesterol were significant risk factors. The overall medication adherence rate was 62.03%. 
The individual adherence rates and readmission rates in the periods of 1–18 months after discharge decreased by time, 
but in the first month, both rates were lower than the following 5 months indicating that factors other than medication 
non-adherence play important roles in readmission. Finally, although the rates are generally acceptable and compatible 
with the reported international rates, utilizing technology like computer-based education and mobile phone reminders can 
improve medication adherence in patients with ACS and reduce readmission rates.

Abbreviations
ACS, acute coronary syndrome; AMI, acute myocardial infarction; CHF, congestive heart failure; BMI, body mass index; 
LDL, low-density lipoprotein.
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