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Objective: Drug-related problems (DRPs) are considered a serious, expensive, and important
undesirable complication of health care. However, as current health care resources are limited,
pharmacist DRP services cannot be provided to all patients. Using a modeling approach, we
aimed to identify risk factors for DRPs so that patients for DRP-reduction services can be bet-
ter identified.

Methods: Patients with diabetes from outpatient clinics from five key university-affiliated
and public hospitals in Jordan were assessed for DRPs (drug without an indication, untreated
indication, and drug efficacy problems). Potential risk factors for DRPs were assessed. A logis-
tic regression model was used to identify risk factors using a randomly selected, independent,
nonoverlapping development (75%) subsample from full dataset. The remaining validation
subsample (25%) was reserved to assess the discriminative ability of the model.

Results: A total of 1,494 patients were recruited. Of them, 81.2% had at least one DRP. Using the
development subsample (n=1,085), independent risk factors for DRPs identified were male gen-
der, number of medications, prescribed gastrointestinal medication, and nonadherence to self-care
and non-pharmacological recommendations. Validation results (n=403) showed an area under
the receiver operating characteristic curve of 0.679 (95% confidence interval=0.629-0.720);
the model sensitivity and specificity values were 65.4% and 63.0%, respectively.
Conclusion: Within the outpatient setting, the results of this study predicted DRPs with accept-
able accuracy and validity. Such an approach will help in identifying patients needing pharmacist
DRP services, which is an important first step in appropriate intervention to address DRPs.
Keywords: medication-related problems, drug-related problems, pharmaceutical care, outpa-
tient, diabetes

Introduction

The concept of drug-related problems (DRPs) was proposed with the launch of the
new cognitive pharmacist service model of pharmaceutical care in the 1990s. DRPs
can result in the nonattainment of therapeutic outcomes relevant to the patient’s condi-
tion or patient harm (e.g., an adverse effect).! DRPs are common within the diabetic
population. In general, DRPs are highly undesirable and associated with increased
utilization of health care resources, therapeutic failure, or the development of new
problems.>¢ In addition, increased number of DRPs is a global problem.®® In patients
with diabetes, DRPs are usually associated with polypharmacy, multicomorbidity, and
increasing age.®®° Other factors in patients with diabetes that may increase the risk of
DRPs are renal impairment, poor lipid control, cardiovascular disease, and the duration
of hospital stay, if hospitalized.5® In general, risk factors for DRPs may also include
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dementia, poor knowledge by the patient, narrow therapeutic
index medication, nonadherence, and specific medications
(i.e., antiepileptics, anticoagulants, and insulin).’

With the increasing number and complexity of therapeu-
tics, the identification and resolution of DRPs are essential
tasks for the pharmacist. Accordingly, efforts to address DRPs
have been adopted in a number of pharmaceutical societies
and professional bodies internationally. The current financial
environment within primary care cannot provide DRP ser-
vices to all patients. In this study, we aimed to identify the
risk factors for DRPs through pharmacist review in outpatient
setting in a number of public and university hospitals in
Jordan, which can be utilized to identify patients who need
DRP services.

Methods
Setting

This is a multi-center, cross-sectional study conducted in
the outpatient departments of five major hospitals in differ-
ent geographical locations in Jordan. The following were
the study hospitals: King Abdullah University Hospital
(KAUH, a teaching hospital affiliated with the Jordan
University of Science and Technology in northern Jordan),
Jordan University Hospital (a teaching hospital affiliated
with the University of Jordan in the central area of Jordan),
Al-Basheer Hospital (a public hospital in the central area
of Jordan), Princess Basma Hospital (a public hospital in
northern Jordan), and Al-Karak Hospital (a public hospital
in southern Jordan). Research ethics committees that oversee
these hospitals approved the study protocol for the study.

Patients and subjects

Consecutive patients who attended consultant-led outpatient
clinics of cardiology and endocrine specialties who met the
selection criteria were invited to participate in this study
during the study period (from September 2012 to December
2013). Following were the inclusion criteria: patients with
diabetes who are more than 18 years of age and with one
or more acute or chronic medical conditions and who have
used at least two medications. The study was explained to
the patients, and a patient information leaflet was issued to
consider participation in this study. Patients who agreed to
participate provided written informed consent to participate
in this study.

Data collection
DRPs were identified for the recruited patients. Having a DRP
was considered as an outcome variable. Following DRPs were

assessed: drugs without an indication, untreated indication,
more effective medication available, and treatment needs to
be stepped up or down. These were categorized as important
DRPs and were included (apart from under-prescribing) in
Hanlon’s Medication Appropriateness Index (MAI) for the
assessment of appropriateness of prescribing with higher
weight than other prescribing issues. '

Potential variables with the plausibility to be risk factors
for DRPs were assessed using a standard statistical analysis
as independent predictors for these problems. DRPs were
defined according to Hepler and Strand’s definition.!

Recruited patients were assessed by clinical pharma-
cists, who hold a Doctor of Pharmacy degree and license
to practice pharmacy in the jurisdiction, for the presence
of DRPs. For consistent implementation, a systematic pro-
cedure was used; clinical pharmacists were trained on the
documentation, and the implementation of the procedures
was monitored. These assessments utilized a validated
pharmaceutical care manual, which included development
of patient database that allows identification and classifica-
tion of DRPs according to AbuRuz et al’s classification
system. To identify DRPs, an evidence-based approach,
which systematically incorporates best current evidence
in decision making was used. Patients were interviewed
and assessed, and their laboratory data were reviewed for
DRPs by referral to medical records.!!!? Referral to current
evidence-based national and international guidelines and
compendium was utilized for the identification of DRPs.
For example, the indication of medications included two
categories “drug without indication” (unnecessary therapy)
and “untreated condition” and was checked using current
drug information resources such as the Drug Information
Handbook (lexi-comp), in terms of inconsistencies between
drug indication and the disease conditions the patient is
having. Medication efficacy assessments utilized patients’
clinical characteristics and by referral to current evidence-
based guidelines. “More effective drug is available” is the
case where the drug is indicated for the medical condition
but is not the best therapy, according to current treatment
guidelines. “The patient requires additional combination
therapy or stepping up”, which can be recommended by
referral to current guidelines or due to failure of the drug to
achieve the therapeutic goals, actually or potentially. “The
patient treatment should be stepped down”, via referral to
current guidelines. The DRP classification system used was
amodification of Aburuz et al’s valid and reliable classifica-
tion system of DRPs. The latter classification was tested for
validity and reliability on cases of 200 patients and shown
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to be internally and externally valid and reproducible and
demonstrated good inter-rater agreement.'*!4

A number of variables collected in the course of study
were assessed as potential risk factors for outcomes of DRPs.
These variables included age, gender, educational level
(illiteracy, school, and university), health insurance, smoking
history, number of medications, British National Formulary
(BNF) medications categories, knowledge about medication
and nonadherence to self-care, and lifestyle recommendations
related to the disease.

Data analysis

Standard statistical methodologies were used in the analysis
of risk factors for DRPs. Data were entered into SPSS version
21 and appropriately coded. All study data were split into
randomly selected, independent, nonoverlapping develop-
ment (75%) and validation (25%) subsamples.

A logistic regression analysis was used in the assessment
of independent risk factors associated with the outcome vari-
able using a predictive approach. The development subsample
was used to develop a logistic regression model whereas the
validation subsample was reserved for the cross-validation
of the analysis. For the development subsample, candidate
variables to be included into the model were assessed using
a chi-square test and independent samples #-test. Candidate
variables were defined as having a p value of not more
than 0.25 (i.e., having a trend of association with the out-
come variable). Candidate variables were then included in
a “backward” logistic regression model, which serves to
retain factors with an independent, significant contribution
to the outcome variable. On the validation subsample, the
probability score for each patient record for DRPs was deter-
mined using the model equation developed on development
subsample data. A receiver operating characteristic (ROC)
curve was constructed to compare the DRPs’ actual status
for the patient with the probability scores achieved using
the proposed model. This ROC curve analysis produced a
statistic “area under the curve” and significance level relat-
ing to the discriminative ability of the model. To be useful
as a screening tool threshold or cutoff point for the resultant
model. Patients who scored higher than this cutoff point
would potentially be at higher risk of DRPs cutoff point
would potentially be at higher risk of DRPs. The cutoff point
was determined using Youden’s index.! Sensitivity (true
positive rate) and specificity (true negative rate) were also
calculated. Based on the results of sensitivity and specificity
analysis, an economic evaluation of the cost saving associated
with targeting mechanism was performed. The following

parameters were measured: intervention cost, cost of DRPs,
and hypothesized ability of the pharmacy to address DRPs.

Results

General characteristics

The total number of recruited patients over the study period
was 1,494. More than three quarters (81.2%) of the patients
had DRPs. In relation to indication-related DRPs, 26.1%
of the recruited patients had a at least one drug without an
indication and 19.6% had one or more untreated conditions.
Whereas effectiveness-related DRPs were manifested in
16.7% of the recruited patients as “more effective drug is
available”, 19.6% as “the patient requires additional com-
bination therapy or stepping up”, and 10.6% as “the patient
treatment should be stepped down”.

The mean age of patients was 58.4 years, with approxi-
mately 30% of the patients being more than 65 years old. The
mean number of medications was 6.5 medications per patient.

In this study, the percentage of female patients was higher
than that of male patients. Regarding the educational level,
about 18% were illiterate and approximately 60% and 20%
of the sample received only school education (i.e., primary
and secondary education) and tertiary education, respectively.
The majority of patients had health insurance. The major BNF
medication categories (body system) were cardiovascular,
endocrine, and gastrointestinal medications. About half of
the patients had a problem with knowledge of their illness.
Almost 90% of the patients were nonadherent to self-care and
life-style recommendation related to their disease.

Table 1 summarizes the general characteristics of the
recruited patients for the development and validation dataset.
We found similar characteristics between development and
validation datasets (e.g., 59.8% and 59.5% of the patients
were females in the development and validation datasets,
respectively).

Risk factors for important DRPs

Using the development subsample data, a logistic regression
model was produced to assess potential risk factors associ-
ated with the presence of DRPs. Table 2 summarizes the
independent risk factors for DRPs using a logistic regression
analysis identified together with their odd ratios.

To validate the analysis and ensure generalizability, the
model developed using the development subsample data was
applied in the validation dataset to assess model discrimina-
tion between the DRPs from the remainder of the patients.
An ROC curve was constructed. Statistical significance
(»p<0.001) for discriminative ability was achieved for both
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Table I Development and validation datasets characteristics

Variable Development (n=1,085; %) Validation (n=403; %)
Age Adults 69.3 70.7

Elderly 30.7 29.3

Missing 0.5
Gender Male 40.2 40.5

Female 59.8 59.5

Missing 0.5 0.2
Educational level llliterate 17.9 18.4

School 60.7 59.3

University 21.4 223

Missing 0.2
Health insurance Insured 97.3 96.3

Uninsured 27 37

Missing 0.4
Medication (organ system BNF) Gastrointestinal 328 337

Cardiovascular 89.6 88.1

Respiratory 7.9 9.9

CNS 16.9 19.9

Infections 0.8 0.5

Endocrine 793 82.4

Genitourinary 3.0 3.0

Malignancy and immunosuppressants 0.6 0.2

Nutrition and blood 19.3 17.1

Musculoskeletal 9.4 8.9

Eye, ear, nose, and oropharynx 0.2 0.2

Skin 0.1 0.0
Problem in illness knowledge 46.6 46.7
Nonadherence to self-care 91.9 89.8
Abbreviations: BNF, British National Formulary; CNS, central nervous system.
Table 2 Odd ratios for the variables associated with important DRPs
Variable B (SE) Odds ratio 95% CI for odds ratio p-value
Number of medications 0.129 (0.033) 1.137 1.065-1.214 <0.001
Male gender 0.467 (0.172) 1.595 1.138-2.236 0.007
Nonadherence to self-care 0.695 (0.257) 2.004 1.211-3.316 0.007
Gastrointestinal medication 1.179 (0.237) 3.252 2.043-5.177 <0.001
Constant —0.395 (0.299) 0.674 0.188

Abbreviation: DRPs, drug-related problems.

the development and validation dataset. Area under the ROC
curve achieved for the development dataset was 0.702 (95%
confidence interval equaled 0.665-0.740), whereas area
under the ROC curve achieved for the independent, nonover-
lapping, random cross validation subsample was 0.679 (95%
confidence interval equaled 0.629-0.720). Figure 1 illustrates
the ROC curve for this model on the validation subsample.
To assess the utility of the model as a screening tool for
DRPs, a cutoff point was identified for the resultant model’s
predicted probabilities. Patients who scored higher than
this threshold were considered being at increased risk of
DRPs. This cutoff score was the predicted probability that
equaled 0.76. The sensitivity and specificity for this cutoff
score equaled 65.4% and 63.0%, respectively, indicating that

two-thirds of the patients who have DRPs are correctly identi-
fied, with almost the same percentage of patients not having
DRPs being correctly classified as being not at risk of DRPs.

Discussion

This study identified the risk factors for DRPs, which were
used to predict these outcomes with appropriate discrimination,
sensitivity, and specificity. Such an approach could prove useful
in identifying patients for DRPs services. The impact of this
cannot be underestimated, given that pharmacist services are
provided to patients at risk of DRPs. Assuming an intervention
cost of $50 and average cost of DRPs of $875 (as derived from
Ernst and Grizzle publication),’ if the pharmacist intervention
reduced the DRPs’ rate by 40%, using the modeling approach,
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Figure I ROC curve for the logistic regression model for DRPs (validation
subsample).
Abbreviations:
characteristic.

DRPs, drug-related problems; ROC, receiver operating

the cost of the DRPs would be $577,175, whereas the cost
associated without the modeling approach would be $762,125.
The ratio for cost-savings was 24.3%. This high-level of cost-
savings could realize benefits for the health care system as
well as patients. Such benefits can be a golden opportunity
for pharmacists to improve the care they provide to patients.
So far, this is the first study performed to predict DRPs for
outpatient diabetics in Jordan using a modeling approach,
which is considered superior to other approaches that address
the inherent limitations of other methods.'®

Almost all recruited patients had at least one DRP. About
80% of the patients had a DRP related to the indication and
effectiveness of therapy. This indicates that the patients in
the study sample were high-risk patients, and such frequent
problems threaten patient safety. This is a health challenge
that can be addressed by pharmacists. In two studies, most of
the patients (>80%) had at least one DRP, which is consistent
with our analysis.® Despite the presence of two teaching,
university-affiliated hospitals among the study hospitals, such
alarming numbers of DRPs in this study population highlights
a drawback of the medication management for those patients.

Surprisingly, only 30% of the patients were more than
65 years old, indicating that the patient population is young,
which makes it strange to have a high number of DRPs. It
is well known that polypharmacy and multi-comorbidity
of patients becomes more prevalent with increasing age,

thereby increasing the propensity for DRPs. In light of this
phenomenon, one study that assessed DRPs in patients with
diabetes reported about 15% more nonelderly patients than
elderly patient in the study population.?

The most common medication groups were endocrine
and cardiovascular medications. An indicator for poor care
quality identified in this study is poor illness knowledge,
with about half of the patients having a problem with illness
knowledge. This poses questions as to whether health care
professionals are doing what is needed to support patients
in coping with and understanding their illness, particularly
in patients with diabetes.

Studies extensively have reported that the increased num-
ber of medication and increased age are considered important
risk factors for DRPs, adherence problems, adverse effects,
and drug interactions.®'”** This study highlighted that having
an increased number of medications and being in the elderly
group (>65 years old) are independent predictors for DRPs.
This can be related to polypharmacy, multi-comorbidity, and
decreased brain function with increased age. These identified
factors can make medication management difficult for the
patient and the health care professional.

Misbehavior by patients manifested as nonadherence to
self-care and nonpharmacological recommendations was
prevalent in patients and a predictor for DRPs. Pharmacists
and other health care professionals shall emphasize the impor-
tance of adherence and highlight the negative consequences
of nonadherence. As an independent predictor of DRPs,
nonadherence is in line with what is hypothesized. A Danish
study highlighted that an inappropriate lifestyle is a common
type of DRP in patients with diabetes.” Based on a literature
review and expert opinion, a previous study highlighted that
nonadherence is an important risk factor for DRPs.’

Male gender as an independent predictor for DRPs can be
related either to biological differences or differences in health
behavior between males and females. Health behavior can
differ between males and females, although not many studies
support this notion. Female patients might attend clinic visits
more often than male patients and thus be more likely to com-
ply with drug therapy and with dietary recommendations.?-¢
In one study, male gender was identified as a risk factor for
DRPs in patients with diabetes,® but little is known about the
role of biological differences between males and females.

Conclusion

Due to the increased number of DRPs in this study’s
population, we recommend that an increased intensity of
pharmacist services be provided to patients; indeed, the

Drug, Healthcare and Patient Safety 2017:9

submit your manuscript 69

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Al-Taani et al

Dove

better identification mechanism presented in this study will
pave the way for such improved patient-centered services
directed against DRPs in patients with diabetes. The modeling
approach is considered the first step in designing patient-
centered services to address DRPs. In developing countries
like Jordan, guidelines for best practices internationally can
be adapted to fit the local health situation. Both community
and hospital pharmacists should take part in addressing DRPs
in patients with diabetes, as the DRPs are prevalent and the
patients are considered at high risk for DRPs. A simplistic
approach that can be applied in routine practice is that phar-
macists need to take extra care when dealing with patients
with diabetes to check for DRPs; in this regard, pharmacists
can follow a simple checklist to identify and resolve DRPs.
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