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ABSTRACT 

 

Objective: To evaluate discharge medication regimen complexity index’s (MRCI) effect on 

heart failure (HF) patients being rehospitalized 30 days after discharge at a large tertiary teaching 

facility.    

 

Methods: The institutional review board approved this single center, retrospective, cohort study. 

The University HealthSystem Consortium (UHC) database was used to identify HF patients from 

January 2011 to December 2013. Inclusion criteria consisted of men and women aged 18 and 

older who had a primary discharge diagnosis of HF, a discharge medication list, and discharged 

to home. Patients were excluded if they had received a heart transplant or left ventricular assist 

device, and/or died during hospitalization. A 30-day readmission was defined as being 

readmitted to the same hospital within 30 days of discharge with a principal discharge diagnosis 

of HF. Only patient’s index admission was included in the study, and patients admitted within 

the first and last 30 days of the study were excluded to avoid excluding a 30-day readmission. A 

pilot analysis was conducted involving randomly selected 55 patients to compare manual MRCI 

collection tool and an automated scoring MRCI system. Multivariable logistic regression was 

used to examine MRCI effect on 30 day rehospitalization after controlling for other factors.  

 

Results: The pilot analysis revealed that the manual and automated MRCIs were moderately 

correlated with an R of 0.74 and R2 of 0.55. For the main analysis, a total of 1,455 patients were 

included in the study with 81 patients (5.6%) readmitted within 30 days of discharge. In the 30-

day readmission group, 54 (67%) patients were male with a mean age of 67, and 783 (57%) 

patients were male with a mean age of 68 in the non-readmit group. Bivariate analysis revealed 

no statistically significant difference in MRCI in patients readmitted within 30 days of discharge 

versus patients not readmitted (MRCI: 14.5 versus 13, p=0.13). However, significantly more 

patients had systolic HF and coronary artery disease (CAD) in the 30-day readmit group [SHF: 

57 (70.4%) versus 761 (55.4%), p<0.01; CAD: 27 (33.3%) versus 264 (19.2%), p<0.01]. The 

variables (p<0.25) included in the multivariate logistic regression analysis consisted of sex, 

systolic HF, diabetes mellitus (DM), hypertension (HTN), CAD, chronic kidney disease (CKD), 

length of stay, MRCI, ACEI or ARB, digoxin, and loop diuretics. The multivariate logistic 

regression analysis revealed that patients prescribed ACEI or ARB were less likely to be 

readmitted 30 days after discharge (OR: 0.59; CI: 0.36-0.96), and patients with CAD were more 

likely to be readmitted 30 days after discharge (OR: 1.70; CI: 1.00-2.89). However, there was no 

effect of MRCI on 30 day rehospitalization after controlling for other factors.  

 

Conclusion: The automated MRCI score was moderately correlated with manual MRCI score. 

Although ACE/ARB and CAD were significantly associated with 30 day readmission for HF, the 

automated MRCI was found non-significant.  More research is needed to automate MRCI and to 

evaluate its utility in clinical care.   

  



INTRODUCTION 

 

Hospital readmission rates are a major healthcare concern for cost and quality reasons. In 

2013, the Centers for Medicare and Medicaid (CMS) began enforcing the Hospital Readmissions 

Reduction Program (HRRP) passed in section 3025 of the Affordable Care Act (ACA).1 Of the 

3,367 hospitals who were evaluated by CMS, 2,217 (71%) received penalties for excess, 

unplanned 30-day readmissions, totaling to $280 million in 2013.2,3 The HRRP penalty consisted 

of a maximum 1% penalty from CMS reimbursement based on 30-day readmissions in 2013, 

which will continue to increase in 2014 and 2015, 2% and 3% respectively. Thus, hospitals must 

identify cost-effective, sustainable interventions to target patients likely to have an unplanned 

readmission within 30 days of discharge.  

Heart failure (HF), acute myocardial infarction (AMI), and pneumonia (PNA) are 

included in the 2013 and 2014 HRRP program, which will expand in 2015 to include chronic 

obstructive pulmonary disorder, total knee arthroplasty, and total hip arthroplasty. Of the three 

diagnoses included in HRRP, HF continues to have the greatest 30-day readmission rate of 

approximately 23.2%.4 Due to the substantial cost of HF to the healthcare system, considerable 

efforts to identify risk factors associated HF readmission  patients have been published, and 

several tools have been developed to predict which patients will likely be readmitted.5-12   

However, many of these tools do not allow clinicians to identify patients in real-time who are 

likely to be readmitted, or what factors clinicians should target to prevent patients from being 

rehospitalized. Therefore, the ideal factor would predict the likelihood of an unplanned 

readmission, be calculated or displayed in real time, and a decrease or increase in the value of the 

variable would positively or negatively affect the likelihood of readmission.  



One specific intervention known to prevent hospital readmission in HF patients is 

appropriate medication management, especially for HF patients with systolic dysfunction. As 

recommended in the treatment guidelines for systolic HF, several medications should be 

included in these medication regimens including angiotensin-converting enzyme inhibitors 

(ACEI) or angiotensin II receptor blockers (ARB), beta blockers (BB), and aldosterone 

antagonists (AA).13 These drugs decrease mortality, morbidity, and rehospitalization and 

accordingly receive a class IA recommendation from the ACCF/AHA HF guidelines. Digoxin 

and loop diuretics also decrease hospital readmissions in specific patient populations with 

systolic heart failure. Further, HF patients often have several additional comorbidities adding to 

the complexity of their medication regimens. Being adherent to these medication regimens is 

vital to improve the outcomes of these patients as well as prevent these patients from incurring 

additional hospitalizations. Medication complexity can play an important role in medication 

adherence. 

Medication Regimen Complexity Index (MRCI) is a validated tool to measure 

complexity of a medication regimen.14 It involves a weighted calculation to determine 

complexity based on characteristics of the medication regimen such as drug formulations, route 

of administration, frequency of administration, and additional directions. The medication 

complexity can affect patient adherence to the medication regimen as well as increase the 

likelihood of a patient experiencing an adverse drug event that results in an unplanned hospital 

readmission.15-17 A recent study found that higher MRCI was associated with patients being 

readmitted 30 days after discharge due to an ADE and was significantly greater in patients who 

were not readmitted within 30 days due to an ADE.16 Therefore, MRCI can be useful and 

practical predictive tool to target patients at high risk for readmission.  



Limited research exists regarding MRCI and its utility in identifying patients at risk for 

hospital readmission. Therefore, the objectives of this study are to automate MRCI in order to 

use the tool in real time and evaluate discharge medication regimen complexity index’s (MRCI) 

effect on heart failure patients being rehospitalized 30 days after discharge at a large tertiary 

teaching facility. The specific hypothesis was MRCI is associated with 30-day HF readmission 

due to issues of adherence and adverse events. The study findings can help healthcare 

professionals to identify patients at risk of readmission and to develop strategies to reduce this 

score to ensure patient adherence and optimize patient outcomes.  

 

METHODS 

 

Study Sample 

This is a single center, retrospective, cohort study. Data from the University 

HealthSystem Consortium (UHC) database was used to identify HF patients from January 2011 

to December 2013. UHC membership includes academic health systems from across the country, 

and these health systems developed the Quality and Accountability Study in order to gather 

objective, data-driven measure for comparing health systems. UHC database provides 

demographic and claims data as well as proprietary severity of illness and risk adjustment 

models. International Classification of Diseases, 9th revision (ICD-9) diagnostic codes (DRG) 

402.x, 404.x, and 428.x were used to identify a list of HF patients with a principal discharge 

diagnosis of HF. HF was defined according to the principal discharge diagnoses included in the 

HRRP. Patient data from UHC was linked to patients’ discharge medication regimens from the 

hospital’s electronic health record (EHR). The study design and procedures were approved by 

the hospital and University of Houston Institutional Review Boards.  

Inclusion and Exclusion Criteria 



Patients were included who were 18 years of age or older, had a principal discharge 

diagnosis of HF, and were discharged to home. Patients were excluded from the study if they did 

not have a discharge medication list, they had received a heart transplant or left ventricular assist 

device (V42.1, V43.21, V43.22), and/or died during hospitalization. Only the first patient’s index 

hospitalization was included in the study. Also, index admissions that fell within the first 30 days 

and last 30 days of the study were excluded to prevent including patients who may have had an 

admission in the 30-day time window.    

Measurements 

Data elements collected from the UHC database included demographic variables,  

admission diagnosis, discharge diagnosis, co-morbidities, Medicare severity DRG, base 

Medicare severity DRG, service line, admission severity of illness, relative expected mortality 

(2013 risk model), admission risk of mortality (2013 risk model), length of stay observed, 

intensive care unit days observed, length of stay outlier (2013 risk model), direct cost expected 

(2013 model), length of stay expected (2013 risk model) mortality expected (2013 risk model), 

direct cost observed (2013 risk model), healthcare primary payer, and healthcare secondary 

payer. 

Data elements collected from the EHR included medication name, medication route of 

administration, and medication directions for administration used to calculate MRCI. MRCI has 

previously been shown to have good interrater and test-retest reliability for the composite score 

and individual constituents: dosage form (section 1), dosing frequency (section 2), and additional 

directions required for administration (section 3). Each medication in a regimen contributes to 

the MRCI based on a weighted factor associated with each variable. Section 1 (dosage form) 

quantifies complexity based on dosage form/route of administration. Considering all medications 



in the regimen, a score is given only once for each different route of administration. For 

example, if a patient is taking 2 capsules, the total formulation score would equal 1. Section B 

(dosing frequency) calculates complexity by number of medications and frequency of 

administration. For example, if a patient was taking a medication once a day, it would be scored 

as 1. If a patient was taking a medication twice daily, it would receive a score of 2, and the 

patient would receive a total score of 3 if taking both one medication daily and one medication 

twice daily. Section C (additional directions) adds to the overall score for extra directions the 

patient is expected to adhere, such as taking multiple units at once, specific timing, or multiple 

strengths of the same drug. Finally, MRCI score is calculated by summing the scores from the 

three sections. 

Definitions and Procedures 

An index hospitalization was defined as the unplanned hospitalization to which the 

readmission outcome was attributed. An unplanned readmission was defined as a subsequent 

admission within 30 days after the index discharge for acute illness or for complications of care, 

and a planned readmission defined as a non-acute readmission for a scheduled procedure. By 

CMS’s definition of an unplanned readmission, admissions caused by acute illness or for 

complications of care are never planned. By only including patients with a principal discharge 

diagnosis of HF, patients readmitted for reasons other than HF were excluded. This methodology 

follows how CMS determines the readmission penalty for excess readmissions for HF, PNA, and 

AMI. Only patient’s index admission was included in the study to prevent patients with multiple 

readmissions from being duplicated in the dataset.  

After obtaining each patient’s medication discharge list, a coding system was developed 

to automatically calculate patient’s MRCI in Microsoft® excel. Every component from the three 



sections (dosage form, frequency of administration, and additional directions) of MRCI was 

coded for each line item according to the weighted scoring system. After the entire database was 

coded, an a priori pilot analysis was conducted to ensure the reliability of the automated scoring 

system. Thirty patients were randomly selected using a random number generator in both the 30-

day readmit group and the non-readmit group. Their MRCIs were manually calculated using the 

MRCI Microsoft® Access database tool.17   

Statistical Analyses 

For the pilot study, manual and automated scoring systems were compared using linear 

regression to determine the relationship between the scoring systems. The dependent variable 

was the manual score and the independent variable was the automated score. The regression 

parameters such as beta coefficients and R-square were used to evaluate the automated scoring 

system.  All data were analyzed by STATA® statistical software.  

For the main study, descriptive statistics were used to examine the study sample. 

Univariate analysis was performed using student’s t-test, Mann-Whitney U test, fisher’s exact 

test, or ANOVA to determine the possible risk factors that affected readmission within 30 days 

of discharge. All predictor variables of readmission found to be significant at P < 0.25 in the 

univariate analysis were included in the multivariate logistic regression model. A P-value of < 

0.05 was accepted as indicating a statistical significance in the multivariate model.  

 

RESULTS 

Pilot Results 

 Of the 60 patients randomly selected for the pilot study, 5 patients did not have a 

completed medication discharge regimen. A total of 55 patients MRCIs were calculated using 



both the manual and automated methods. The manual and automated MRCIs were moderately 

correlated with an R of 0.74 and R2 of 0.55. Therefore, the automated MRCI scoring system was 

applied to the entire database. Manually calculated MRCIs and MRCI components for the 30-day 

readmit group versus the non-readmit group can be found in Table 1. The manually calculated 

and automatically calculated scoring system results can be found in Table 2.  

Factors Associated with 30 Day Readmission 

The UHC database included 3,265 HF admissions from January 2011 to December 2013, 

and 1,455 were included in the data analysis (Figure 1). Of the patients identified based on 

inclusion and exclusion criteria, 81 (5.6%) patients were readmitted 30 days after discharge, and 

1,374 (94.4%) patients were not readmitted 30 days after discharge. Descriptive statistics of the 

variables assessed in the study are included Table 3. No difference was found in MRCI or any of 

the MRCI components in the 30-day readmit group compared to the group not readmitted 30 

days after discharge (Figure 2).  Only systolic HF and coronary artery disease (CAD) were found 

to be significant (p<0.01) in the univariate analyses. The variables (p<0.25) included in the 

multivariate logistic regression analysis consisted of sex, systolic HF, diabetes mellitus (DM), 

hypertension (HTN), CAD, chronic kidney disease (CKD), length of stay, MRCI, ACEI or ARB, 

digoxin, and loop diuretics (Table 4). The multivariate logistic regression analysis revealed that 

patients prescribed ACEI or ARB were less likely to be readmitted 30 days after discharge (OR: 

0.59; CI: 0.36-0.96), and patients with CAD were more likely to be readmitted 30 days after 

discharge (OR: 1.70; CI: 1.00-2.89). Automated MRCI did not have a significant effect on 

hospital readmission after controlling for other factors.  

  



DISCUSSION 

 Automated MRCI can be useful and practical predictive tool to target patients at high risk 

for readmission. The automated MRCI developed in this research was able to explain 55% of the 

variation in the manual score, which was due to several factors. The automated scoring system 

was coded for key words identified in several different data fields. If prescribers deviated from 

putting the specified data in the correct field, our coding system was not always able to capture 

the information. Also, if the prescriber free texted certain discharge medications—rather than 

selecting the pre-built drugs in the EHR—the automated scoring system may not be able to 

identify the information. For example, if a prescriber free texted a discharge order for “lisinopril 

20 mg daily,” this line item does not contain the route of administration, which automatically 

codes when ordered correctly. The coding system would not capture the dosage form for this line 

item, because the prescriber did not include tablet, orally, by mouth, etc. Another area where 

coding was not always accurate included administering multiple units at once or breaking tablets 

in half. For example, if the prescriber ordered “lisinopril 20 mg by mouth daily” but chose the 

lisinopril 40 mg strength, the patient would be required to cut the tablet in half. If the verbiage 

half, 0.5, or break was included, the information was captured, but the coding system would not 

intuitively know to divide the strength ordered by the prescribed strength.  Lastly, if prescribers 

accidently misspelled words, then the automated tool may not have identified the information. 

The coding system used wild cards when identifying key terms in order to give as much leniency 

as possible, but the wild cards still needed to be specific enough to identify only the desired 

variable.  

 Although the automated scoring system did not capture every component of the discharge 

medication regimen, the information not captured equally affected both groups. Further, the pilot 



analysis also did not find any statistical differences in MRCI or any of its components for the 30-

day readmitted group compared to the group not readmitted. The automated score was used to 

examine the factors associated with readmission for its ease of use.  

 Previous research have found that greater MRCI was associated with a 30-day 

readmission due to an ADE.16 However, this study revealed that the automated MRCI at 

discharge was not associated with HF patients being readmitted 30 days after discharge. This can 

be attributed to the sensitivity of automated score in capturing medication complexity. More 

improvements are needed to automate MRCI involving better logarithms and machine language 

learning tool. Currently, no other studies have assessed MRCI at discharge to predict 

readmission in a specific disease state, but several studies have assessed the number and class of 

medications prescribed at discharge.12,13,18-21 These studies vary in their findings with some 

supporting the number of medications at discharge as a risk for 30-day readmission.12,13,18-21   

Further research is needed to understand MRCI’s utility in identifying patients at risk for hospital 

readmission. 

 Similar to other published clinical trials, our study also found patients prescribed ACEI or 

ARB at discharge to be less likely readmitted, and patients with CAD in addition to HF were 

more likely to be readmitted.22-28 A novel finding of our study was ACEI or ARB associated with 

decreasing the risk of readmission in the 30-day specific time-frame. Other studies published did 

not specifically look at the 30-day readmission timeframe rather the rate of rehospitalization 

overall. Also, not only does heart failure lead to readmissions associated with CAD, but also 

CAD leads to readmissions caused by HF. Again, these studies do not specifically look at the 30-

day time window but assess readmissions over a year timeframe.22-28   



Although the study findings are useful, this study has several limitations. The database 

only included patients with a principal discharge diagnosis of HF to exclude any readmissions 

due to other causes, and the readmissions collected were from only one institution. Therefore, 

30-day readmissions that occurred if a patient was admitted to another hospital were not 

captured. While the study collected many variables found to be associated with 30-day 

readmission, certain sociodemographic variables were not included. These variables were either 

unavailable, unfeasible to collect for the scope of the study, or meant for a different study design. 

Data elements such as patient education, family support, marital status, health literacy, income, 

and cognition affect patient medication compliance. Collection of these variables would require a 

prospective research design or access to a database with this information. Knowing patient’s 

medication adherence based off medication refill history or self-reported compliance would have 

been useful information to validate patients’ compliance. Again, correlating MRCI to patient 

compliance using claims information has not been studied. Lastly, the study did not include any 

clinical variables associated with patient’s risk for readmission, and this information in 

conjunction with MRCI may provide additional insight regarding the utility of the scoring 

system.      

 MRCI’s scoring system may provide beneficial information when assessing patients 

readmitted for an ADE, however, a new scoring system to assess medication complexity in 

relation to 30-day readmission associated with a disease state should be evaluated. MRCI has 

some inherent flaws in the weighted score when logically considering the overall calculation. For 

instance, if a patient uses an eye drop once a day, the total MRCI score equals 4. Compared to a 

patient taking a tablet once daily, the total MRCI score equals 2. Typically, non-compliance with 

an eye drop or nasal spray will not cause a patient to be hospitalized, but non-compliance with a 



diuretic, anticoagulant, or other medication pertinent to the disease state may. Therefore, a 

scoring system taking into consideration alternative weights may provide a numeric value more 

closely associated with patient outcomes.    

Specific strengths of the study included exclusion criteria to obtain a distinct group of HF 

patients readmitted for HF, use of a validated medication complexity tool, and the pilot analysis 

performed to ensure the accuracy of the automated scoring system.  Ideally, healthcare 

professionals need a simple, practical, and accurate predictive tool to target patients likely to be 

readmitted to the hospital. This predictive tool would allow providers to prioritize patient care as 

well as adjust of the predictive score to positively or negatively affect patient outcomes. As more 

healthcare organizations transition to accountable care organizations and focus on transitions of 

care, the ideal score would be tracked throughout the healthcare continuum, so providers and 

insurance companies may recognize an individual’s risk for 30-day readmission.   

 In conclusion, automating MRCI is possible and may be calculated in real time if the 

variables in the score are readily available at one’s institution. However, more work is needed to 

strengthen the automated MRCI. The study revealed that automated MRCI did not have a 

significant effect on hospital readmission after controlling for other factors. However, patients 

taking ACEI or ARB were less likely to be readmitted within 30 days of discharge. Also, patients 

with a history of CAD were more likely to be readmitted within 30 days of discharge versus 

patients without a history of CAD. Although the automated MRCI was found non-significant, it 

can be useful tool for managing complex regimen in patients with HF.  More research is needed 

to evaluate its utility in clinical care in the hospitals.  
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Table 1. Manually calculated MRCIs for 30-readmit versus non-readmit  

Variable 
30- Day Readmit (n=27) 

Median (Q1, Q3) 

Non-readmit (n=28) 

Median (Q1, Q3) 
P-value 

MRCI 24.5 (20.5, 33.5) 26.5 (15.1, 37.9) 0.88 

    Dosage form 5 (1, 8) 4.5 (1, 9.8) 0.71 

    Frequency 16.5 (13, 23) 18.3 (10.6, 26.9) 0.56 

    Additional 

    directions 
2 (2, 4) 3 (2, 5) 0.15 

    Number of 

    medications 
12 (10, 14) 12.5 (9.3, 18) 0.61 

 

  



Table 2. Comparison of manual and automated MRCI scoring systems 
 

Variable 
Manual (n=55) 

Median (Q1, Q3) 

Automated (n=55) 

Median (Q1, Q3) R & R
2

 

MRCI 24.5 (17.5, 35.5) 13.5 (9, 17.5) 0.74 & 0.55 

    Dosage form 5 (1, 8) 1 (1, 5) 0.72 & 0.52 

    Frequency 17.5 (12.5, 25.5) 7.5 (6.5, 10.5) 0.60 & 0.36 

    Additional  

    Directions 
3 (2, 5) 2 (1, 4) 0.70 & 0.49 

    Number of 

    Medications 
12 (10, 16) 10 (8, 13) 0.81 & 0.65 

 

  



Table 3. Patient demographics 
 

Variable 
30-Day Readmit 

(n=81) 

Not Readmitted in 30 days 

(n=1,374) 
P-value 

Age  67 ± 15 68  ± 15 0.73 

Female (%) 27 (33.3) 591 (43.0) 0.10 

Systolic HF (%) 57 (70.4) 761 (55.4) 0.008 

ICU Admission (%) 16 (19.8) 312 (22.7) 0.59 

Length of stay 6.0  ± 4.9 6.8  ± 7.8 0.17 

Severity of illness on admission --- --- --- 

    Minor (%) 6 (7.41) 169 (12.3) 

0.58 

    Moderate (%) 31 (38.3) 509 (37.1) 

    Major (%) 40 (49.4) 618 (45.0) 

    Extreme (%) 4 (4.9) 78 (5.7) 

MRCI (Q1, Q3) 14.5 (10.25, 19) 13 (9.5, 18) 0.13 

    Dosage form 

    (Q1, Q3) 
3 (1, 5) 3 (1, 5) 0.58 

    Frequency  

    (Q1, Q3) 
8.5 (6.8, 11) 8 (6.5, 10.5) 0.21 

    Additional 

    Directions (Q1, Q3) 
2 (1, 4) 2 (1, 3) 0.27 

    Number of 

    Medications (Q1, Q3) 
11 (9, 14) 10 (8, 14) 0.29 

Medications at Discharge  --- --- --- 

    BB (%) 66 (81.5) 1041 (75.8) 0.28 

    ACEI or ARB (%) 33 (40.7) 715 (52.0) 0.052 

    AA (%) 28 (34.6) 424 (29.3) 0.32 

    Core measure meds (%) 15 (17.6) 237 (16.0) 0.87 

    Loop diuretic (%) 71 (87.7) 1097 (79.8) 0.11 



    Digoxin (%) 26 (32.1) 311 (22.6) 0.057 

Co-morbidities (total DRGs)  13 ± 6.5 13 ± 5.8 0.70 

    CAD (%) 27 (33.3) 264 (19.2) 0.004 

    CKD (%) 38 (46.9) 501 (36.5) 0.08 

    DM (%) 22 (27.2) 482 (35.1) 0.15 

    HTN (%) 19 (23.5) 444 (32.3) 0.11 

    PNA (%) 5 (6.17) 147 (10.7) 0.26 

    COPD (%) 6 (7.41) 159 (11.6) 0.36 

 

  



Table 4. Multivariate logistic regression of 30-day readmission predictive risk factors 
 

Variable Odds Ratio 95% Confidence Interval P-value 

Female 0.86 (0.52-1.41) 0.54 

MRCI 1.02 (0.99-1.06) 0.17 

LOS 0.96 (0.91-1.00) 0.054 

Medications --- --- --- 

    ACEI or ARB 0.59 (0.36-0.96) 0.03 

    Digoxin 1.49 (0.89-2.48) 0.13 

    Loop diuretic 1.58 (0.78-3.19) 0.20 

Co-morbidities --- --- --- 

    Systolic HF 1.65 (0.97-2.83) 0.07 

    DM 0.66 (0.39-1.1) 0.11 

    HTN 0.72 (0.38-1.35) 0.31 

    CAD 1.7 (1.00-2.89) 0.049 

    CKD 1.22 (0.70-2.14) 0.49 

 

 

  



Figure 1.  Patient selection flowchart 

  



Figure 2. Comparison of automated MRCI in HF patients readmitted 30 days after discharge 

versus not readmitted 30 days after discharge 
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