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Abstract

Objective The aim of this study was to develop a risk prediction model for non-adherence to pre-
scribed medication based on self-reported risk factors in patients with the acute coronary syndrome 
(ACS).
Methods This is a prospective follow-up cohort study of 210 patients with ACS at a tertiary hospital 
in Al Ain city in the United Arab Emirates. Patients with ACS in the electronic registry who were 
discharged from the hospital but continued to attend outpatient clinics and were prescribed evi-
dence-based medications were identified and interviewed. Univariate and multivariate logistic re-
gression models were constructed and used as appropriate. SPSS V24 was used for data analysis.
Key findings A final predictive model of eight variables was developed for ACS medication non-
adherence. The significant predicted risk factors identified in the final model with their odds ratios 
(ORs) and confidence intervals (CIs) were as follows: poor knowledge of prescribed medications 
(OR = 1.81; CI = 1.032–3.34; P = 0.010), five or more prescribed medicines (OR = 4.97; CI = 1.98–2.49; 
P = 0.007), more than twice daily dosing regimen (OR = 2.21; CI = 1.04–4.67; P = 0.039), unpleasant 
side-effects (OR = 2.97; CI = 1.98–2.49; P = 0.007), patients believed that side-effects were the cause 
of health problems (OR = 4.28; CI = 1.78–10.39; P = 0.001), patients undertaking regular exercise 
(OR = 2.14; CI = 1.06–4.32; P = 0.035), and comorbid diabetes (OR = 1.97; CI = 1.00–3.87; P = 0.049).
Conclusion This study indicates poor knowledge, polypharmacy and comorbidity as risk factors 
associated with medication non-adherence among patients with ACS. Identification of predictors 
of non-adherence and strategies has the potential to reduce non-adherence dramatically.
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Introduction

Acute coronary syndrome (ACS) has become a major health 
problem, leading to a high risk of morbidity and mortality.[1, 2] 
Following ACS diagnosis, most patients are recommended secondary 
pharmacotherapies.[3, 4] Non-adherence to these therapies is associ-
ated with high rates of hospital readmissions, suboptimal clinical 
outcomes, increased morbidity and mortality and increased health-
care costs.[5] A broad range of medication non-adherence rates among 
ACS populations has been reported.[6, 7] However, it is likely that up 
to 54% of the patients fail to take their medications to such an ex-
tent that their treatment is not fully effective.[8] Evidence has emerged 
that maintaining medication adherence among ACS patients could 
improve clinical outcomes and potentially reduce healthcare costs.[1, 9]

Mathews and colleagues[7] reported that non-adherence to pre-
scribed medications is associated with a higher risk of 3-month 
death/readmission for myocardial infarction patients diagnosed 
with ACS. This issue has remained underestimated as studies showed 
that more than 25% of patients do not fill their prescribed therapy 
within a week of being discharged with ACS.[10] In many cases, non-
adherence practice goes unrecognized, which has led prescribers to 
suspect the efficacy or the dosage of the prescribed medications.[11]

Data from the United States of America (USA) indicates that 
billions of prescriptions are written annually, of which one-fifth of 
these prescriptions are never filled, and among those filled, half are 
taken wrongly with regard to dosage, frequency and timing.[3, 4] This 
has a resultant estimated cost to the healthcare sector in the USA of 
$100–300 billion annually.[10] More specifically, the disease-specific 
economic cost of non-adherence per person in the USA is reported 
to range from $949-44 190 and costs attributed to ‘all causes’ non-
adherence ranged from $5271 to $52341.[10] Medication safety is a 
major health concern in the Middle East.[12–15]

Several studies have been conducted with the aim of produ-
cing medication non-adherence risk assessment model, formulating 
questionnaires based on those validated models and applying them 
in practice to enable the identification of patients at risk of non-
adherence.[10] These studies indicate a significant variation in their 
methodology and consequent reported results. Non-adherence lo-
gistic regression model needs to incorporate the influence of doctor 
prescribing method,[11] cognitive, physical ability and motivation to 
take it as forgetting to take some doses of indicated medications, 
unpleasant adverse drug reactions or beliefs that side-effects of 
the prescribed medications are the cause of health problems. Non-
adherence improvement is a public health priority and could reduce 
the economic and health burdens of many diseases and chronic con-
ditions.[16, 17]

Aims
This study aims to develop a self-reported risk factors model for 
non-adherence to the prescribed medications in a group of acute cor-
onary syndrome patients attending Al Ain hospital.

Methods

Study population
The study population was identified from the hospital registry. 
Patients with ACS who were admitted or visited the outpatient 

clinic during the 6-month study period were eligible to take part. 
The sample size was calculated based on the 6-month admission in 
the ACS hospital concordance registry. Patients who were discharged 
or continued in outpatient clinic visits and were prescribed evi-
dence-based medications were interviewed and stratified into those 
receiving ≥75% (‘adherent’) or <75% (‘non-adherent’) of indicated 
medications. The participating patients (n  =  210) were recruited 
consecutively over a 6-month period. Patients were included if he/
she had a confirmed diagnosis of ACS, were admitted to or visited 
hospital outpatient's clinic due to ACS as the main reason. Patients 
who were not able to provide consent indicating their willingness to 
participate in the study were excluded. Patient information (medical, 
medication, demographic, sociodemographic and socioeconomic) 
was collected from their clinical profile using a data collection in-
strument previously developed by Al Deagi et al.[18] In addition, each 
patient was interviewed (by one specified clinical pharmacist who is 
the main study investigator) during their hospital stay or scheduled 
clinic visits using a structured questionnaire previously developed by 
Miller[19] to obtain further patient-specific information. Information 
obtained from the clinical profile was clarified if necessary during 
the patient interviews. All data collected were entered into SPSS to 
facilitate the development of a multivariable model to predict self-
reported medication non-adherence risk factor for patients with the 
acute coronary syndrome.

Development of risk factor model
The procedures used to identify the risk factors for non-adherence 
and to build a risk factor model were based on the validated pro-
cedure published by Hosmer and Lemeshow.[20] The cut-off point for 
risk assessment was set at 0.5, that is, above this point, a patient was 
at high risk of one or more non-elective medication non-adherence 
over a 6-month period.

Statistical analysis
Descriptive statistics was used for variables with means and standard 
deviation (mean SD). We have used univariate and multivariate lo-
gistic regression analyses on structured steps based on the recom-
mendation published data by Hosmer and Lemeshow.[20]

Model building for study population
Univariate statistical analysis
The application of chi-squared analyses indicated that demographic, 
medical and social factors were significantly related (P < 0.01) to one 
or more medication non-adherence over a 6-month period.

Multivariate analysis
Using stepwise backward logistic regression analysis, any variables 
whose univariable test had a P value of less than 0.01 was a can-
didate for multivariate modeling. The total number of variables 
with P value less than 0.1 from the chi-squared tests (likelihood 
ratio tests statistic) was 26 variables. With reference to the total 
number of patients in the study population (n  = 210) and as per 
the recommendations of Hosmer and Lemeshow[20] the rule of 10 
was followed, which suggests a final predictive model with a max-
imum of 10 variables (i.e. one-tenth the smaller group of patients). 
Entering of the significant variables (either from patient chart data 
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or patient interview) independently into stepwise backward elim-
ination logistic regression analysis with model entry set at P = 0.2, 
and model removal set at P = 0.2, yielded two separate preliminary 
models for patient chart and interview data. Repeating this pro-
cedure for further elimination with entry and removal values of 
P = 0.15, P = 0.01 and P = 0.05 yielded final models for both the pa-
tient clinical profile data and the patient interview data. The number 
of significant variables from the resulting models (the patient chart 
and review models) was therefore 14. A further regression was per-
formed to allow the two individual models to be combined with 
model entry and removal set this time at P = 0.02. A final predictive 
model for non-adherence with 8 variables was produced. When the 
cut-off point for risk assessment was set at 0.5, that is, above this 
point, a patient is considered to be at high risk of one or more non-
elective medication non-adherence 6  months' post-discharge. The 
Hosmer and Lemeshow goodness-of-fit test gave a chi-squared value 
of 4.3601 (8 degrees of freedom, P = 0.8343); therefore, the model 
can be regarded as an acceptable fit to the data used. Analysis of 
pair-wise interactions between variables using a logistic regression 
entry procedure, with P set at 0.05, illustrated that the interactions 
did not produce significant P values for log-likelihood ratio tests for 
the final risk model. To check that all variables were independent, 
the φ coefficient was calculated; all phi coefficients generated from 
each pair of variables were <0.09; therefore, the variables in the final 
model can be regarded as independent.

Results

A total of 210 patients with ACS were included in the study; 112 
(53.3 %) of the patients were men and 98 (46.7%) were women. 
Sixty-six men (58.9%) and 46 women (41.1%) were aged less than 
65 years, while 46 men (46.9%) and 52 women (53.1%) were aged 
65 years or older. A total of 62 men (62.6%) and 37 women (41.1%) 
were still working, while 50 men (45.1%) and 61 women (54.9%) 
were retired. Regarding the level of education, 124 (59.1%) received 
elementary education only, while 86 (40.9%) received more than 
elementary education (Table 1)].

With reference to the total number of patients in the study popu-
lation (n  =  210), the number of patients who were interviewed 

during an admission was 81, number of male was 38 (46.9%), and 
the number of female patients was 43 (53.1%).

Review of the clinical profile revealed that 53.3% of the patients 
was male and 46.7% was female; 73.2% of the male was non-
adherent compared to 59.1% was female. A  total of 128 patients 
(60.9 %) was admitted to the hospital in the previous three months, 
60.9% was non-adherent, 196 patients (93.3%) had a history of 
concomitant cardiovascular diseases other than ACS, 72.4% was 
non-adherent, 161 patients (76.6%) had diabetes mellitus, 69.6% 
was non-adherent. Most of these cardiovascular medications were 
used in two or less daily doses (63.8%) while 36.2% were used in 
more than two daily doses regimen in which the non-adherent was 
76.3% (Table 2).

The patient interview data with ACS in the study delineated by 
univariate analysis that patient knowledge of prescribed medication, 
based on specific calculation score, was poor (61.9%) and 71.5% 
of poor knowledge was non-adherent. Male 65.2% and female pa-
tients 58.2% had poor knowledge while 34.8% of male and 41.8% 
of female patients had fair patient knowledge. Non-adherence was 
52.9% in patients with diet restriction, 63.5% patients experiencing 
fatigue, 62.4% patients complaining of dyspnoea and 80% patients 
undertaking mild to moderate regular exercise (Table 3).

A final predictive model (8 variables) was developed for medi-
cation non-adherence of patients with ACS. The predicted risk 
factors identified in the final model with their odds ratios (ORs) 
and confidence intervals (CIs) were as follows: poor knowledge of 
prescribed medications (OR = 1.81; CI = 1.032–3.34; P = 0.010), 
forgetting to take some doses of their medications (OR  =  3.86; 
CI  =  2.96–3.58; P  =  0.045), five or more prescribed medicines 
(OR  =  4.97; CI  =  1.98–2.49; P  =  0.007), more than twice daily 
dosing regimen (OR  =  2.21; CI  =  1.04–4.67; P  =  0.039), un-
pleasant side-effects (OR = 2.97; CI = 1.98–2.49; P = 0.007), pa-
tients believed that side-effects were the cause of health problems 
(OR  =  4.28; CI  =  1.78–10.39; P  =  0.001), patients undertaking 
regular exercise (OR = 2.14; CI = 1.06–4.32; P = 0.035), and being 
with associated diabetic disease (OR  =  1.972; CI  =  1.00–3.87; 
P = 0.049). The specificity of the developed risk prediction model 
was 57.2%, the sensitivity was 89.1% and the overall accuracy 
was 76.2% (Table 4).

Table 1 Socio-demographic data for patients with ACS

Male (n;%) Female (n;%) Both (n;%)

Number of patients 112 (53.3 %) 98 (46.7%) 210 (100%)
Mean age (years) 58 58.6 58.3
Age group
 <65 years 66 (58.9%) 46 (41.1%) 112 (100%)
  ≥65 years 46 (46.9%) 52 (53.1%) 98 (100%)
Employment status
 Currently working 62 (62.6%) 37 (34.4%) 99 (100%)
 Retired 50 (45.1%) 61 (54.9%) 111 (100%)
Education
 Elementary 81 (67.5%) 43 (32.5%) 124
 More than elementary 63 (73.3%) 23 (26.7%) 86
Medications
 Mean number of prescribed medicines 5.7 ± 1.2 5.6 ± 1.6 5.7 ± 1.4
Length of hospital stay
 Mean length of hospital stay (LOS) in (days) 7.4 ± 2.1 7.2 ± 1.7 7.3 ±1.9
Patient interviewed
 Number of patients who were interviewed during an admission 39 (47.6%) 43 (53.4%) 82 (100%)
 Number of patients who were interviewed during a scheduled clinic visit 74 (57.8%) 54 (42.2%) 128 (100%)
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Table 3 The patient interview data with ACS in the study

Variables Patients number % Patients % Patients  
non-adher.

OR 95% CI P

Interview
Patient health was: Poor (152)  

Fair (58)
72.4%  
27.6%

62.5%  
75.9%

0.53 0.26–1.05 0.062

Patient knowledge of prescribed medicines: Poor (130)  
Fair (80)

61.9%  
38.1%

71.5%  
57.5%

1.86 1.03–3.33 0.038

Patient reported taking prescribed medication Alone (162)  
Aided (48)

77.1%  
22.9%

70.4%  
52.1%

2.18 1.13–4.22 0.021

Forgetting to take some doses of their medicines Yes (135)  
No (75)

(64.2 %)  
(35.8 %)

89.6%  
35.1%

3.86 2.96–3.58 0.045

Patient experiencing unpleasant side-effects Yes (54)  
No (156)

25.7%  
74.3%

77.8%  
62.2%

2.13 1.03–4.37 0.033

Patient believes that side-effects are cause of health problem Yes (171)  
No (39)

81.4%  
18.6%

70.2%  
48.7%

2.47 1.22–5.02 0.012

Patient reported medicine problems (e.g. opening, swallowing) Yes (29)  
No (181)

13.8%  
86.2%

82.8%  
63.5%

2.75 1.00–7.56 0.033

OTC medication use ≤1 (38)  
>1 (172)

18.1%  
81.9%

50.0%  
69.8%

0.43 0.21–0.88 0.022

Education Elem. (124)  
>Elem. (86)

59.1%  
40.9%

60.5%  
74.4%

0.52 0.29–0.96 0.033

Patient with diet restriction (fatty, salt, ..) Yes (51)  
No (159)

24.3%  
75.7%

52.9%  
70.4%

0.47 0.25–0.90 0.024

Patient experiencing fatigue Yes (181)  
No (29)

86.2%  
13.8%

63.5%  
82.7%

0.36 0.13–0.99 0.033

Patient complaining of dyspnoea Yes (117)  
No (93)

55.7%  
44.3%

62.4%  
71.0%

0.67 0.37–1.21 0.092

Patient undertaking mild to moderate regular exercise Yes (40)  
No (170)

19.1%  
80.9%

80.0%  
62.9%  
 

2.35 1.02–5.42 0.034

Table 2 The clinical profile data of patients with ACS in the study

Variables Patients number Patients (%) % Patients non-adher. OR 95% CI P

Chart review
Gender Male (112)  

Female (98)
(53.3 %)  
(46.7 %)

73.2%  
59.1%

1.96 1.10–3.51 0.012 

Daily dosing regimen >2 (76)  
≤2 (134)

(36.2 %)  
(63.8 %)

76.3%  
60.4%

2.10 1.12–3.96 0.018

Admitted to hospital in the previous 6 months Yes (128)  
No (82)

(60.9 %)  
(39.1 %)

60.9%  
74.4%

0.53 0.29–0.98 0.025

Other concomitant cardiovascular diseases Yes (196)  
No (14)

(93.3 %)  
(6.7 %)

72.4%  
58.5%

1.86 1.04–3.32 0.034

Associated diabetes mellitus Yes (161)  
No (49)

(76.6 %)  
(23.4 %)

69.6%  
55.1%

1.86 0.96–3.58 0.065

Number of prescribed medicines ≥5 (176)  
<5 (34)

(83.8 %)  
(16.2 %)

69.9%  
47.1%

2.66 1.23–5.50 0.012

Aspirin Yes (204)  
No (6)

(97.1 %)  
(2.9 %)

70.9%  
54.2%

2.05 1.10–3.81 0.024

ACEIs or angiotensin receptor blockers (ARBs) Yes (195)  
No (15)

(92.9 %)  
(7.1 %)

71.8%  
54.4%

2.13 1.17–3.89 0.013

B blockers Yes (191)  
No (19)

(95.7 %)  
(9.1 %)

70.9%  
54.8%

2.01 1.08–3.71 0.026

Others platelet aggregation inhibitors Yes (201)  
No (9)

(95.7 %)  
(4.2 %)

55.7%  
70.5%

0.52 0.28–0.97 0.043

Statins Yes (201)  
No (9)

(95.8 %)  
(4.2 %)

70.5%  
57.7%

1.74 0.96–3.17 0.066

PPIs (pantoprazole) Yes (157)  
No (53)

(74.8 %)  
(25.2 %)

59.0%  
73.3%

0.52 0.29–0.93 0.028
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Discussion

The major findings of this study indicate that knowledge, major 
polypharmacy, dosing regimen, unpleasant adverse effects and 
diabetes are significant predictors for medication non-adherence. 
Healthcare providers emphasize the importance of medication ad-
herence because when patients fail to take their medicines as pre-
scribed, it does not just place a burden on the healthcare system 
but it also has a negative impact on healthcare providers and on 
patients.[21–23] The risk factors model developed in this study accord 
diverse population which may have contributed to multilateral pre-
dictors.[24] Therefore, patients' characteristics should be examined 
to develop a prediction model appropriate to the specific popula-
tion of developing countries rather than imitating any internation-
ally developed model.[25, 26]

The non-adherence rate for poor knowledge of prescribed 
medications was in agreement with Wilhelmsen and Eriksson[27]; 
they reported that patients must be educated in a simple and clear 
way, how to take their medications. There is a recognition that the 
future pharmacist has a patient-facing role and therefore needs 
training on significant consultation skills.[27] Enormous studies 
have shown that improved outcomes of drug therapy can be 
achieved via intensive structured education and counseling.[28] This 
study lends support to these findings and pharmacist should avail 
medication counseling to the patients on discharge and scheduled 
clinic visits.

This study revealed that sometimes forgetting to take some 
doses of the prescribed regimen, as a predictor risk factor for non-
adherence. We believe that age might have contributed to this finding. 
This risk factor showed that pharmacist must have behaviour-change 
techniques and motivational interviewing in the implementation of 
medication counseling and clinical intervention.

Our findings suggest that major polypharmacy is a significant 
predictor of medication non-adherence. This finding was consistent 
with previous reports, which demonstrated that an increase in the 
number of medications being received by a patient leads to an in-
crease complexity of regimen non-adherence.[29, 30] A  system co-
operation between pharmacists and the prescribers is imperative 
to reduce the complexity of a medication regimen and decrease the 
number of prescribed medications.

Identification of the risk factor of unpleasant side effects and be-
lieving that side-effects are the cause of health problems was in agree-
ment with the findings of Nieuwlaat et al. (2001), who reported that 
the fear of side effects contributes to lower adherence.[26] Another 
study in this area found that patients may skip some of the drugs to 
diminish the risk of side-effects or to discover the lowest drug dosage 
that was effective.[25] Concordance and pharmaceutical care of patient 
were associated with reducing the contributing risk factors for adverse 
outcomes on non-adherence and adapt the role of the pharmacist as a 
part of multidisciplinary team of healthcare in facilities.[31]

The presence of a concomitant disease often increases the need 
for more prescribed drugs and more complicated disease processes. 
It was therefore not surprising that the logistic regression model 
revealed that the presence of concomitant diabetic disease was a 
risk factor in the self-reported non-adherence model (OR = 1.97). 
Previous studies in the Framingham cohort,[32] as well as the 
Contemporary Older Cohort Study, identified the presence of dia-
betes as a significant risk factor for ischaemic heart disease. This risk 
factor is obviously not modifiable; however, it was clear that atten-
tion should be given to patients with ACS who also have diabetes to 
help ensure that both conditions are controlled optimally. This was 
highly important in populations with a higher prevalence of diabetes 
such as our study population.

The most important strength of the current study was the pre-
dicted risk factors that can be delineated and considered by our 
healthcare professionals to prevent medication non-adherence of the 
patient with ACS. The small sample size of the current study may co-
erce some limitations on the popularization of the contributing risk 
factor model. The popularity of the developed multivariable model 
merit greater attention in egalitarian setting with similar population 
trait in patients with ACS.

Several factors could be viewed as replaced markers for disease 
severity and failure of taking medication as prescribed, our multi-
variate risk modeling did focus on forgetting some doses of the 
regimen, need for improved patient knowledge about the number of 
prescribed medications and here we recommend to consider the role 
of the pharmacist to liaise with physician for prescribing the formu-
lary available combination forms of medication such as statins with 
clopidogrel antiplatelet, frequency of dosing decreasing by sustained 
or extended release forms. Non-adherence interventions have been 

Table 4 The final refined logistic regression model for self-reported non-compliance with prescribed medication regimens

Variables Variable  
coefficient

Odds 
ratio

95% 
CI  
Lower  
Upper

Significance of log  
likelihood ratio  
(P value)

Patients with poor knowledge of prescribed medicines 0.741 1.811 1.032  
3.34

0.010

Forgetting to take some doses of their medications 1.732 3.86 2.96  
3.58

0.045

Prescribing six or more prescribed medicines 1.604 4.97 1.98  
2.49

0.007

Daily dosing regimens >2 dosing times daily 0.793 2.21 1.04  
4.67

0.039

Patient experiencing unpleasant side-effects 0.747 2.97 1.98  
2.49

0.007

Patients believed that side-effects were the cause of health problems 1.454 4.28 1.78  
10.39

0.001

Having diabetes 0.678 1.97 1.00  
3.87

0.049

CI, confidence intervals; OR, odds ratios; Variable coefficient (B); P value, was calculated from the likelihood ratio test.
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also based on psychological and behaviour-change principles, pa-
tient education by a pharmacist can improve patient knowledge of 
prescribed medicines, manager of side-effects and the believing that 
they are the cause of deterioration of health problems of an acute 
coronary syndrome.

It has been observed that patients with associated diabetes were 
non-adherent than others without the chronic disease, and this does 
reach significance in the final developed model. It has been reported 
that scheduled visits to clinics are influential for reducing non-
adherence and hospital admission. However, in the current research 
this has not been investigated and it may have a negative impact 
on adherence to the prescribed medications. It has been resulted in 
this study that patient undertaking regular exercise was a predictor 
factor to reduce medication adherence in ACS. This may because pa-
tients may believe that improving lifestyle by regular exercise may be 
considered as an alternative to using some prescribed medications.

It might mean that there is a totally new kind of role that is cre-
ated for different sorts of health or care professionals that is more 
about coaching and facilitating, rather than the paternalistic rela-
tionship that's traditionally been held between pharmacists and pa-
tients. However, in this study, the number of patients is a little bit 
few which may cause a negative impact on the final model as con-
tributing factor for non-adherence.

Conclusion

Poor knowledge of prescribed medications, forgetting some doses, 
receiving five or more prescribed medications, more than a twice 
daily dosing regimen, unpleasant side effects and believing about 
the malicious impact of side effects of prescribed medication and 
presence of associated diabetes mellitus are significant predictors for 
medication non-adherence. The development of multivariable risk 
factor model can be emulated by investigators of analogous popula-
tion characteristics to improve non-adherence of patient with ACS 
and this model could include factors help tailoring the pharmacist 
who will deliver the intervention or the method of delivery interven-
tion program to specific conditions of pharmaceutical care.
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