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Aims of the Study: This study aimed to investigate the prevalence and predictors of Drug-related problems (DRPs), as well as to
evaluate the impact of DRPs on the health-related quality of life in geriatric patients with type 2 diabetes mellitus.

Methodology: A cross-sectional study was conducted over a three-month period. Patients aged 60 years and older visited diabetes
clinics from October 1, 2022, to December 31, 2022, were included in the study. Data were collected through structured ques-
tionnaires, whereas lab results, medication records, comorbidities, and the consequences of DRPs were collected from electronic
medical records. DRPs were identified and classified using the PCNE V501 classification system. Health-related quality of life
(HRQoL) was evaluated using the validated EuroQol criteria.

Results: A total of 491 patients participated in the study, and the mean age of the patients was 67.51 years (SD = 5.84 years). Female
patients represented 52.34% of total subjects. A total of 461 (around 94%) experienced at least one drug-related problem (DRP),
ranging from one to nine DRPs per patient, with a total number of DRPs equal to 1625 identified. The most common DRP was the
drug choice problem, affecting 52.98% of patients. Factors such as high drug frequency, living conditions, the number of diabetes
medications, comorbidities, and smoking were significantly associated with higher numbers of DRPs. Higher numbers of DRPs were
found to significantly worsen health-related quality of life (HRQoL) among patients.

Conclusion: Geriatric individuals with type 2 diabetes mellitus encounter a significant prevalence of DRPs, with drug choice
problems being the most common followed by dosing problems. Risk factors contributing to these DRPs include high drug frequency,
living conditions, high number of diabetes medications, multimorbidity, and smoking. Also, the study concluded that the increased
number of DRPs was associated with negative impact on HRQoL domains in geriatric patients with type 2 diabetes.
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Introduction

Elderly patients encounter a higher incidence of drug-related problems (DRPs) due to age-linked changes in their
pharmacodynamic and pharmacokinetic parameters, higher prevalence of chronic diseases associated, and their lifetime
exposure to multiple and complex medications to control their conditions." Multimorbidity, the coexistence of multiple
chronic conditions including diabetes, poses significant clinical burden such as frequent visits to healthcare facilities and
hospital admissions and significant increase in mortality and morbidities.>> Adding to that DRPs could impose financial
challenges for both healthcare systems and patients.*

DRPs, according to the Pharmaceutical Care Network Europe (PCNE) definition, refer to events or circumstances
related to drug therapy that result in negative health outcomes.” DRPs do include non-needed drug treatment, insufficient
drug management, adverse drug problems, improper drug dose and frequency, futile drug management and inferior
medication adherence.

Various prevalence reports from all over the world showed that DRPs were highly prevalent among their geriatric
population ranging from 63.3% to 95.9%.*% Furthermore, a systematic review analysis indicated that drug-related
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problems (DRPs) account for more than 15.4% of hospital admissions and 2.7% death rate, with individuals on multiple
medications (polypharmacy) and older adults being at an elevated risk of hospitalization caused by DRPs.®

Diabetes Mellitus (DM) is a chronic condition characterized by high blood sugar levels due to insulin secretion or
resistance issues, causing long-term organ damage, and thus requires proper use of various hypoglycemic medications to
control the disease state and slow down the progression towards microvascular and macrovascular complications.”'”

According to statistics, approximately 15% of people (age 50-69 years) and 22% of people (age 70 years or more)
suffered from type 2 diabetes in 2017 and prevalence will continue to rise all over the world as expected to equal around
7% of the whole world population by 2030."" Elderly individuals with type 2 diabetes may face multiple DRPs, resulting
in a poor Health-Related Quality of Life (HRQoL).'? Health-related Quality of Life (HRQoL) refers to a comprehensive
concept that includes a patient’s physical, mental, and spiritual functioning, as well as their overall sense of well-being in
various aspects of life."

The EQ-5D is a widely used universal tool for assessing Health-Related Quality of Life (HRQoL). It measures five
health dimensions: mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. Patients rate their current
health condition within each dimension using a single-digit number, indicating “no issues”, “moderate issues”, or “severe
issues”. These ratings are then combined into a 5-digit number, providing an overall representation of the patient’s health
state.'*

In Jordan, diabetes is a very common condition and according to national surveys from 1994 to 2017, the diabetes
prevalence in males aged >25 years old increased from 14.2% to reach 32.4% in 2017. The same trend of increased
prevalence was noticed among females but with relatively lower prevalence compared to males.'> Reports from the
higher population council in Jordan projected that the number of old people (=60 years) will grow up at a rate of 13.5%
of the total population in 2050.'°

Previous studies from Jordan have evaluated the DRPs in patients with chronic diseases in both hospital and
community pharmacy settings.'”'® However, there is a lack of specific study assessing and evaluating the DRPs
among geriatric diabetic patients. So, this study aims to explore the prevalence and factors associated with DRPs as
well as their potential impact on health-related quality of life among geriatric patients with type 2 diabetes mellitus.

Methodology

Study Design

Observational cross-sectional study was conducted over three month’s period at King Abdullah University Hospital, Ar-
Ramtha, Jordan (KAUH).

Study Sample

Patients with diabetes who met the inclusion criteria and had attended diabetes clinics between October 1, 2022, and
December 31, 2022, were invited to participate in this study by signing an informed consent form. Patients eligible to
participate in the current study were those aged 60 years of age or older, had type 2 diabetes mellitus, were taking at least
two medications, and had the necessary laboratory results available for further analysis.

Sample Size

A minimum sample size of 384 subjects was required to obtain a 95% confidence level with a 5% margin of error,
considering standard normal variate at p < 0.05 equal to 1.96 and population proportion of 50% to obtain largest sample
19

size.

Data Collection

Demographic data and clinical characteristics (age, gender, chronic medications, chronic diseases, medical history) were
extracted from the electronic records for patients. Medication adverse reactions were collected through interviews with
patients or their caregivers using a structured questionnaire. Open-ended questions were also used to explore any
additional concerns or experiences related to drug-related problems (DRPs).
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Adverse reactions were identified by directly interviewing the patients, specifically inquiring about any side effects
they experienced, as well as any other general reactions.

To obtain patient DRPs, electronic medical records were retrospectively reviewed, including chronic medications, full
medical history, and relevant lab results related to their specific conditions. Health-Related Quality of Life (HRQoL) was
evaluated using the validated EuroQol instrument.>’ EQ-5D was scored to calculate the index value using the crosswalk
approach to the currently available three-level version of the EQ-5D (EQ-5D-3L) value sets.”'

Identification of DRPs

As per Pharmaceutical Care Network Europe Version 5 (PCNE V501) guidelines, Drug-Related Problems (DRPs) among
participants were categorized as follows:

Adverse Reactions

This domain encompasses allergic or non-allergic side effects associated with diabetic medications, such as hypogly-
cemia, weight gain, and gastrointestinal issues. Patients were asked about any bothersome effects from their medica-
tions, and we also found cases where patients needed prophylaxis but did not receive it. For instance, we identified
patients on dual anticoagulant/antiplatelet (DAPT) therapy with ulcers who should have received prophylaxis but
did not.

Drug Choice Problem

This domain includes the improper choice of medication, its formulation, the duplication of medications from the same
therapeutic group or with the same active ingredient, contraindications for drug use, unclear reasons for prescribing
a drug, and situations where a drug was necessary but not prescribed. Evaluation involved comparing patient care with
recent evidence-based clinical practice guidelines from UpToDate* to ensure treatment adherence to latest recommenda-
tions and avoidance of therapeutic group duplications. Contraindications were assessed based on patient clinical status
(kidney function, liver function, past medical history) using information from Lexicomp’s Drug Information Handbook
31st edition.”

Dosing Problem

This domain includes drug dose too low or too high. The appropriateness of drug dosing and adjustments based on
kidney and liver function was assessed using Lexicomp’s Drug Information source.>> Only lifelong chronic medications
were considered. Kidney function was estimated using the Cockcroft-Gault equation with Ideal Body Weight (IBW) and
the latest measured serum creatinine levels, with rounding of serum creatinine to one for those aged 65 years and older to
prevent overestimation of creatinine clearance. Liver function evaluation included liver enzyme levels and Child Pugh
score for patients with liver cirrhosis.**

Drug Use Problem
This domain includes instances where the drug was not taken/administered at all or not prescribed, and was identified by
direct interviews with the patients.

Drug-Drug Interactions (DDls)
This domain involves manifest or potential drug—drug or drug—food interactions. Identification was done using informa-
tion from UpToDate, specifying the DDI category along with justification.

Others

This primary domain is identified through direct interviews with the patients, asking for their perceptions of their
medications which includes four problems: The patient is not satisfied with the treatment, even though they have been
taking the medication(s) correctly. There is not enough awareness about health and diseases, which may lead to potential
issues in the future. The patient’s complaints are unclear, and additional clarification is needed. The therapy has not been
successful, and the reason for this failure is unknown.
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Statistical Analysis

Data analysis was performed using Stata Corp statistical software, Stata: Release 17 (Stata Corp LLC, College Station,
TX, USA, 2021). Continuous variables such as age, and number of comorbidities were analyzed in terms of their mean
and standard deviation. Categorical variables like gender, BMI, and marital status were presented using frequencies and
percentages.

The normality of the data for DRPs and HRQoL was assessed using the Shapiro—Wilk test, revealing that both
variables were not normally distributed.

To compare the median number of DRPs between categorical variables, a two-sample Wilcoxon rank-sum test
(Mann—Whitney U-test) was conducted. Spearman’s rank correlation was used to examine the association between the
number of DRPs and continuous variables, including age, biomedical variables, number of diabetes medications, number
of chronic medications, estimated 10-year survival, and Charlson comorbidity index. Furthermore, the Kruskal-Wallis’s
test was used to assess differences in the number of DRPs across different levels of drug usage frequency. Statistical
significance was set at a 2-sided P-value <0.05. Median regression (Quantile regression) was applied to identify
predictors and factors associated with DRPs HRQoL (the utility index value). In both quantile regression models,
variables were selected using a backward stepwise process with P < 0.2 to stay.

Ethical Approval

The study proposal was submitted and subsequently approved by the Institutional Review Board of King Abdullah
University Hospital (KAUH) at Jordan University of Science and Technology (JUST) (Ref. #53/151/2022). This study
complies with the Declaration of Helsinki.

Results

Socio-Demographic Characteristic of the Study Subjects

This study involved 491 elderly patients (age >60 years) diagnosed with type 2 diabetes. The average age of the
participants was 67.51 years (SD = 5.84 years). Female patients represented 52.34% (n = 257) of the study sample, obese
(51.53%), married (81.47%), living with family (93.48%), residing in urban areas (59.67%), had college or university
degree (35.85%), were either unemployed or retired (93.69%), and had a low monthly income, less than 500 JD
(67.21%). Most of the patients were non-smokers (80.65%) and physically inactive (77.39%). Additionally, more than
half of the patients (55.80%) had a family history of diabetes mellitus. The total number of DRPs found in the current
study was 1625 DRPs. Patients who did not complete their education had a higher number of DRPs compared to those
who had a college/university education (P = 0.002). Similarly, patients with a low monthly income were associated with
a higher number of DRPs compared to those with a monthly income higher than 500 JD (p < 0.001). Furthermore,
patients with family history of diabetes mellitus had a higher number of DRPs compared to patients without family
history, and this difference was statistically significant (p = 0.029). Detailed results on the sample characteristics and
DRPs distribution are presented in Table 1.

DRPs Distribution by Comorbidities Among Study Subjects

Table 2 presents DRPs distribution by comorbid conditions. Participants with hypertension had a significantly higher
mean number of DRPs (3.41) compared to those without hypertension (2.66) (p = 0.005). Similarly, participants with
a history of myocardial infarction had a higher mean number of DRPs (3.88) compared to those without myocardial
infarction (3.19) (p < 0.001). Participants with heart failure had a notably higher mean number of DRPs (4.46) compared
to those without heart failure (3.21) (p < 0.001). Charlson comorbidity index was significantly positively correlated with
the number of DRPs (correlation coefficient was 0.130; p = 0.004), suggesting that participants with higher Charlson
comorbidity index scores had a higher number of DRPs. The estimated 10-year survival showed a significant negative
weak correlation (correlation coefficient was —0.130; p-value = 0.004) with the number of DRPs, indicating that
participants with higher number of DRPs had lower estimated 10-year survival.
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Table | Socio-Demographic Characteristic of the Study Subjects

Variable Total Population (n=491) Number of DRPs (n=1625) P-value*
Category Mean (£SD) or n (%) (Mean % SD) or n (%)
Age 67.51 (£5.84) 0.007** 0.870
Gender Male 234 (47.66) 3.23 (£1.69) 0.585
Female 257 (52.34) 3.38 (x1.91)
Body mass index (kg/m?) Normal (£24.9) 61 (12.42) 3.03 (x1.77) 0.513
Overweight (25-29.9) 177 (36.05) 3.38 (x1.74)
Obese (230) 253 (51.53) 3.32 (x1.87)
Marital status Married 400 (81.47) 3.27 (£1.75) 0.550
Single/other 91 (18.53) 3.50 (¥2.07)
Living conditions Not living alone 459 (93.48) 3.33 (x1.82) 0.312
Living alone 32 (6.52) 2.97 (£1.75)
Residency City 293 (59.67) 3.26 (£1.83) 0.380
Countryside 198 (40.33) 3.38 (x1.78)
Educational level College/university 176 (35.85) 2.95 (x1.61) 0.002
Less than college 315 (64.15) 3.51 (x1.89)
Employment Retired/Unemployed 460 (93.69) 3.29 (£1.80) 0.429
Employed 31 (6.31) 3.55 (x1.98)
Monthly income More than 1000 JD 20 (4.07) 245 (£1.19) <0.001
500-1000 JD 141 (28.72) 2.87 (£1.67)
Less than 500 JD 330 (67.21) 3.55 (x1.85)
Smoking status Non smokers 396 (80.65) 3.26 (£1.83) 0.142
Smokers 95 (19.35) 3.49 (x1.74)
Physical activities Not physically active 380 (77.39) 3.38 (1.84) 0.133
Physically active 111 (22.61) 3.07 (1.69)
Family history of Diabetes Miletus Without 217 (44.20) 3.08 (1.89) 0.029
With 274 (55.80) 3.49 (1.73)

Notes: *Statistical significance was set at a 2-sided P<0.05. **Correlation coefficient.
Abbreviations: DRPs, drug-related problems; SD, standard deviation; D, Jordanian dinar.

Medication Characteristics of Study Subjects
Medication frequency was significantly associated with the number of DRPs (p = 0.040). Specifically, participants who took
medications three times or more daily had the highest mean number of DRPs (3.54), followed by those taking medication twice
daily with a mean of 3.22 DRPs. More details about DRPs distribution by medication characteristics are presented in Table 3.

EQ-5D-3L Health Dimensions as Reported by the Study Subjects

Regarding HRQoL analysis, negative correlation was found between the number of DRPs and the estimated utility values

(correlation coefficient = —0.237; P value <0.001). Among the five health domains, the activity domain was the most
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Table 2 Disease Characteristics of the Study Subjects

Comorbidity Variable Category N (%) Number of DRPs P-value*
Mean (SD)
Hypertension Without 65 (13.24) 2.66 (1.68) 0.005
With 426 (86.76) 341 (1.81)
Dyslipidemia Without 169 (34.42) 3.20 (1.90) 0.329
With 322 (65.58) 3.37 (1.77)
Myocardium infarction Without 407 (82.89) 3.19 (1.83) <0.001
With 84 (17.11) 3.88 (1.59)
Heart failure Without 452 (92.06) 3.21 (1.78) <0.001
With 39 (7.94) 4.46 (1.83)
Stroke Without 475 (96.74) 3.29 (1.81) 0.313
With 16 (3.26) 3.87 (1.86)
Chronic obstructive pulmonary disease Without 478 (97.35) 3.31 (1.82) 0.854
With 13 (2.65) 3.31 (1.70)
Peptic ulcer disease Without 486 (98.98) 331 (1.82) 0.895
With 5(1.02) 3.20 (1.09)
Liver disease Without 484 (98.57) 3.35 (0.08) 0.100
With 7 (1.43) 4.43 (0.84)
Chronic kidney disease Without 457 (93.08) 3.27 (1.78) 0.205
With 34 (6.92) 3.82 (2.15)
Thyroid dysfunction Without 441 (89.82) 3.34 (1.83) 0.401
With 50 (10.18) 3.06 (1.60)
Asthma Without 460 (93.69) 3.31 (1.83) 0.803
With 31 (6.31) 3.35 (1.62)
Mean (SD) | Correlation coefficient
Charlson comorbidity index 3.85 (0.93) 0.130 0.004
Estimated 10-year survival (%) 0.55 (0.24) —0.130 0.004

Note: *Statistical significance was set at a 2-sided P<0.05.

Abbreviation: DRPs, drug-related problems.

severely affected domain with 25.46% participants expressing an inability to carry out their regular activities, followed
by the pain domain (19.35% reported experiencing severe pain) and anxiety domain (18.53% of patients reported
experiencing extreme levels of anxiety). EQ-5D-3L health dimensions as reported by the study participants are described

in Table 4.

Number and Classification of Drug-Related Problems (DRPs) Among Study Subjects
As described in Table 5, out of a total of 491 patients, 461 patients experienced drug-related problems (DRPs), with an
average of 3.31 DRPs per patient (SD = 1.81), ranging from (1-9) DRPs per patient. The most common drug-related
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Table 3 Medication Characteristics of the Study Subjects

Variable Mean (£SD) or | Number of Spearman Correlation P-value*
n (%) DRPs Coefficient
Mean (¥SD)
Medications frequency
Once 28 (5.70) 2.75 (1.69) 0.040
Twice 285 (58.04) 3.22 (1.82)
Three times and more 178 (36.25) 3.54 (1.80)
Number of diabetes Ranging from (1—4) medication 1.84 (+0.82) 0.081 0.074
medications per patient
Number of total Ranging from (2—14) medication 7.23 (+2.58) 0.082 0.068
medications per patient
Notes: *Statistical significance was set at a 2-sided P<0.05. Total population (n=491).
Abbreviation: SD, standard deviation.
Table 4 EQ-5D-3L Health Dimensions as Reported by the Study Subjects
Variable Mean (£SD) Number of DRPs (n=1625) P-value*
Correlation Coefficient**
HRQolL utility value 0.62 (+0.27) —0.237 <0.001
Domain Level of the problem Domain n (%)
Mobility
| 163 (33.20)
2 298 (60.69)
3 30 (6.11)
Self-care
| 398 (81.06)
2 59 (12.02)
3 34 (6.92)
Activity
| 184 (37.47)
2 182 (37.07)
3 125 (25.46)
Pain
| 159 (32.38)
2 237 (48.27)
3 95 (19.35)
Anxiety
| 215 (43.79)
(Continued)
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Table 4 (Continued).

Variable Mean (xSD) Number of DRPs (n=1625) P-value*
Correlation Coefficient**
2 185 (37.68)
3 91 (18.53)

Notes: **HRQolL utility value represented by Spearman correlation coefficient. *Statistical significance was set at a 2-sided P<0.05.
Abbreviations: HRQoL, health-related quality of life; DRPs, drug-related problems.

Table 5 Number and Classification of Drug-Related Problems (DRPs) Among Study Subjects

Patients with DRPs = 461
Code Primary Domain Problem Number of DRPs
V5.0l n=1625
Mean (SD)= 3.31
(1.81), (1 to 9)
DRPs Identified per
Patient.
N (%)
Pl Adverse reactions 133 (8.18)
PI.1 Side effects suffered (non-allergic) 132 (8.12)
P1.2 Side effects suffered (allergic)" 1 (0.06)
P2 Drug choice problem 861 (52.98)
P2.1 Inappropriate drug (not most appropriate for 42 (2.58)
indication)
P2.3 Inappropriate duplication of therapeutic group or 16 (0.98)
active ingredient
P2.4 Contra-indication for drug 29 (1.78)
P2.5 Without clear indication for drug use 114 (7.02)
P2.6 Without drug prescribed but clear indication 660 (40.62)
P3 Dosing problem 429 (26.40)
P3.1 Drug dose too low or dosage regimen is not 421 (2591)
frequent enough
P3.2 Drug dose too high or dosage regime too frequent 8 (0.49)
P4 Drug use problem 2 (0.12)
P4.1 Drug not taken /administered at all 2 (0.12)
P5 Drug-Drug 18 (1.11)
Interactions
P5.1 Potential interaction 16 (0.98)
P5.2 Manifest interaction 2 (0.12)
Pé6 Others 182 (11.20)
(Continued)
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Table 5 (Continued).

Patients with DRPs = 461

Code Primary Domain Problem Number of DRPs
V5.0l n=1625
Mean (SD)= 3.31
(1.81), (1 to 9)
DRPs Identified per
Patient.
N (%)
Pé.1 Patient dissatisfied with therapy despite taking 18 (1.11)
drug(s) correctly
P6.2 Insufficient awareness of health and disease (possibly 164 (10.09)
leading to future problems)

Note: "One case observed due to metformin.

problem category was the drug choice problem, affecting 52.98% (861 out of 1625) of the patients. Within this category,
inappropriate drug selection (not the most appropriate for the indication) accounted for 2.58% (42 out of 1625) of the
cases. Additionally, inappropriate duplication of therapeutic group or active ingredient accounted for 0.98% of the cases,
contra-indication for drug use constituted 1.78%, drug use without clear indication amounted to 7.02%, and the absence
of a prescribed drug despite a clear indication represented a significant portion at 40.62%. Dosing problems accounted for
26.40% of the identified drug-related problems. Among these, cases where the drug dose was too low or the dosage
regime was not frequent enough accounted for 25.91%, while cases with drug doses being too high or the dosage regime
being excessive made up 0.49% of the cases. A smaller proportion of patients, 0.12%, experienced drug use problems
such as not taking or administering the drug at all. Interactions between medications were observed in 1.11% (18 out of
1625) of the cases, encompassing both potential and manifest interactions. Other drug-related problems reported included
patient dissatisfaction with therapy despite taking medications correctly (1.11%) and insufficient awareness of health and
disease, which potentially leads to future problems, at a rate of 10.09%.

Drug—Drug Interactions Encountered Among Study Subjects

The most frequent drug—drug interactions were interactions between (candesartan and spironolactone) as well as (bisoprolol
and verapamil) with 3 cases for each interaction. Category X Interaction was encountered in 2 patients (interaction between
gemfibrozil and atorvastatin). The rest of the drug—drug interactions were classified under category C with the exception of one
case which was classified under category D of drug—drug interactions. Table 6

Table 6 Drug-Drug Interactions Among Study Subjects

Drug | Drug 2 Interaction Description Frequency
Category

Metoprolol Carvedilol C Increases the risk for bradycardia |

Metoprolol Diltiazem C Increases the risk for bradycardia 2

Gemfibrozil Atorvastatin X Gemfibrozil may enhance the myopathic effect of 2

atorvastatin

Fexofenadine Loratadine C Both drugs have anticholinergic side effects and are CNS |

depressants

(Continued)
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Table 6 (Continued).

Drug | Drug 2 Interaction Description Frequency
Category

Regular insulin Glimepiride C Increases the risk for hypoglycemia 2

Atenolol Verapamil C Increases the risk for bradycardia

Candesartan Spironolactone C Increases the risk of hyperkalemia 3

Amlodipine Verapamil C Verapamil as CYP3A4 inhibitor may increase the serum |

concentration of Amlodipine

Bisoprolol Verapamil C Increases the risk for bradycardia 3
Metoprolol Diltiazem C Increases the risk for bradycardia 2
Dabigatran Aspirin D Increases risk for bleeding |

Adverse Drug Reactions Among Study Participants

The total number of adverse drug reactions reported was 133 adverse events. The most common adverse drug reactions
reported by patients were nausea (n = 44, 33.1%), hypoglycemia (n = 17, 12.8%), constipation (n = 15, 11.3%),
abdominal pain (n = 11, 8.3%), weight gain (n = 9, 6.8%), headache (n = 8, 6.0%), dizziness (n = 7, 5.3%), and
insomnia (n = 4, 3.0%). Other adverse effects such as allergic reactions, skin rash muscle pain, dry cough, dry mouth,
fatigue, blurred vision, weight loss, mood changes, and elevated liver enzymes represented 13.4% of the total adverse
effects encountered in the study patients. Table 7

Variables Associated with the Number of Drug-Related Problems Among Study
Subjects
The results demonstrate a significant association between various factors and the number of DRPs. Compared to once per day

frequency of drug intake, three times and more drug frequency was associated with higher number of DRPs adjusting for
potential confounders (coefficient = 0.483, 95% CI [0.09-0.86], p = 0.015). Also, the number of diabetes medications taken by

Table 7 Adverse Reactions Among Study
Subjects (n = 133)

Adverse Reaction Frequency (%)
Nausea 44 (33.1)
Hypoglycemia 17 (12.8)
Constipation 15 (11.3)
Abdominal pain 11 (8.3)

Weight gain 9 (6.8)
Headache 8 (6.0)
Dizziness 7 (5.3)

Insomnia 4 (3.0

Others* 18 (13.4)

Note: *Others adverse effects (eg, skin rash and allergic
reactions, muscle pain, dry cough, dry mouth, fatigue, blurred
vision, weight loss, mood changes, and elevated liver enzymes).
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a patient was positively and significantly associated with the number of DRPs (coefficient = 0.266, 95% CI [0.03-0.50], p =
0.025), and a higher number of comorbidities were significantly associated with a higher number of DRPs (coefficient = 0.323,
95% CI[0.19-0.46], p-value <0.001). Moreover, patients who are not living alone and those with a monthly income between 500
and 1000 JD (compared to less than 500 JOD) had lower predicted number of DRPs (p-values < 0.05). Being smoker and having
a family history of DM were both significantly and positively associated with the number of DRPs (p-values < 0.05). Table 8

Variables Associated with Health-Related Quality of Life (HRQoL) Among Study

Subjects

Each additional DRP was associated with a decrease in HRQoL (as indicated by the estimated utility value) by 0.02 units
(Coefficient = —0.02, 95% CI [-0.03 to —0.004], p = 0.010). Additionally, female gender was associated with lower utility
values compared to males (Coefficient = —0.11, 95% CI [-0.16 to —0.05], p < 0.001). Charlson comorbidity index
increases by one point was associated with 0.04 decrease in median utility value (Coefficient = —0.04, 95% CI [-0.07 to
—0.01], p-value = 0.006), and similarly higher number of chronic medications were associated with a decrease in median
utility value (Coefficient =—0.02, 95% CI [-0.03 to —0.007], p-value = 0.001). On the other hand, having a family history
of diabetes, physical activities, and higher educational levels were significantly associated with higher utility values
adjusting for potential confounders (P values < 0.05) (Table 9).

Discussion
This study is the first to identify both prevalence and associated factors related to the development of DRPs and their
effects on health-related quality of life domains in elderly patients with type 2 diabetes mellitus in Jordan.

Our study’s findings showed that DRPs are highly prevalent among older patients, estimated at 94% with average
DRPs per patient equal to 3.31. A Previous study evaluated the DRPs among outpatients with chronic conditions has
reported an average DRPs equal to 11.2 per outpatient. Same previous study has attributed the elevated instances of
DRPs to be associated with older age (>57 years).'"” Another study from Jordan, which was conducted on patients
diagnosed with chronic diseases and visited community pharmacies, showed that mean DRPs of 4.1 per patients.'® Such
disagreement and variations in DRPs prevalence between these studies and our study regarding the mean DRPs reported
might be attributed to differences in study populations, study design and methodologies, the nature of chronic
comorbidities and healthcare facilities settings evaluated in each study.

Table 8 Variables Associated with the Number of Drug-Related Problems

Variable Coefficient (95% CI) P-value*
Age -0.028 -0.06 | 0.005 0.102
Frequency of drugs (three times and more)** 0.483 0.09 0.86 0.015
Marital status Married 0414 —0.15 | 0.98 0.149
Living condition Not living alone —0.915 —-1.80 | —-0.03 0.043
Number of Diabetes medications 0.266 0.03 0.50 0.025
Number of comorbidities 0.323 0.19 0.46 <0.001
Smoking smokers 0.609 0.13 1.08 0.012
Monthly income 500-1000 JD —0.696 -1.12 | -0.27 0.002
More than 1000 JD -0.811 -1.79 | 0.17 0.105
Family history of DM With 0.479 0.10 0.86 0.013

Notes: *Statistical significance was set at a 2-sided P<0.05. **Compared to once per day medication frequency. Variables included in the
model were selected using quantile regression with P-value <0.2 to stay.
Abbreviations: DM, diabetes mellitus; Cl, confidence interval.

Therapeutics and Clinical Risk Management 2023:19 https: 923

Dove:


https://www.dovepress.com
https://www.dovepress.com

Al-Azayzih et al Dove

Table 9 Variables Associated with Health-Related Quality of Life (HRQol)

Variable Coefficient** (95% CI) P-value*
Number of DRPs —0.02 —0.03 | —0.004 0.010
Physical activities Physically active 0.12 0.06 0.18 <0.001
Gender Female —0.11 —0.16 | —0.05 <0.001
Charlson comorbidity index —0.04 —-0.07 —-0.01 0.006
Number of total medications —-0.02 —0.03 | —0.007 0.001
Family history of DM With 0.06 0.0l 0.12 0.014
Educational level Educated 0.07 0.0l 0.13 0.018
Frequency of drugs (three times and more) —0.04 —0.10 | 0.005 0.073
ok
Monthly income *## 500-1000 JD 0.06 —0.002 0.12 0.058
More than 1000 0.10 —0.04 0.24 0.152
D

Notes: *Statistical significance was set at a 2-sided P<0.05. **Compared to once per day medication frequency. ***Compared to monthly
income <500 JOD. Variables included in the model were selected using quantile regression with P-value <0.2 to stay.
Abbreviations: Cl, confidence interval; |D, Jordanian dinar.

The most prevalent drug-related problem found in this study was the drug choice problem, accounting for 52.98%.
This finding is inconsistent with the previous work where adverse reactions were found to be the most prevalent in
a systematic review analysis study that includes 27 studies.”” A study from Thailand reported that lack of medication
adherence category was the most prevalent DRP followed by necessity for adding more drug therapy and adverse drug
reactions categories.®

The high prevalence of DRP in the study population was attributed to a set of factors, including the higher utilization
of anti-diabetic medications, which is consistent with earlier research findings showing that administering multiple
antidiabetic medications increases the risk of medication-related side effects such as hypoglycemia.*® Patients who use
many medications to manage their diabetes may be more likely to develop DRPs due to the complexity of their
prescription regimens and doses. Also, the possibility of drug—drug and drug—food interactions.

Likewise, a noteworthy correlation was observed between increased frequency of medication intake and a greater
occurrence of drug-related problems (DRPs). This result indicates that individuals with more frequent dosing schedules
may encounter difficulties in adhering to their prescribed treatment plan, potentially leading to omissions, or skipped
doses, which could contribute to the development of DRPs.?’

Additionally, there was a strong correlation between multimorbidity and a higher DRPs number. The difficulty of
managing numerous chronic illnesses at once can support this link. This could lead to more drug interactions and the
need for additional medications, which would raise the number of DRPs.*® This is also in line with the finding of a strong
correlation between the number of DRPs and the Charlson Comorbidity Index.

Investigating the association between DRPs occurrence and present comorbidities among geriatric patients. Our
results indicated that patients with myocardial infarction (MI), heart failure (HF), and localized solid tumors exhibited
a higher number of DRPs compared to other comorbidities which might be attributed to the polypharmacy and use of
numerous medications to control their conditions. The use of multiple medications to manage their disease problems
could be associated with more medications errors incidences (missing dose, wrong dose, wrong medication schedule),
also polypharmacy prescribing cascade of adding more medications to treat other medications side effects as a new
medical problem will enhance the risk of drug interactions, adverse reactions, and adherence issues, leading to a higher

number of Drug-Related Problems (DRPs) in these patient populations, especially geriatric patients.’
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Our study also identified a significant correlation between patients who do not live alone and a lower median number of DRPs.
This result implies that having carers or other people nearby to help may improve drug adherence to treatment regimens. Patients
who are supported by others may get reminders or help taking their prescriptions as directed, which lowers the risk of DRPs.*°

When compared to patients with monthly incomes of less than 500 JD, patients with incomes between 500 and 1000 JD were
correlated with lower median number of DRPs. Higher income enables the patient to have better access to medications,
healthcare providers, and education, reducing the likelihood of DRPs. Financial stability and the capacity to pay for medications
and healthcare services also play a significant role in medication adherence and thus, minimize the risk of DRPs developments.*'

Additionally, a greater median number of DRPs was strongly correlated with smoking and having a family history of
diabetes. Smoking has a negative impact on general health and medication management and has been linked to several
health-related problems. Smoking may alter how some medications are metabolized, resulting in decreased therapeutic
levels and an increase in DRPs, particularly if doctors neglected to take smoking into account when treating smoker
patients.*” In addition to that, the age-number of DRPs relationship that was shown to be positive is in line with earlier
research.’ Patients are more likely to develop DRPs as they age since they frequently have several chronic illnesses and
are prescribed many prescription medications.

From other perspectives, the study evaluated the impact of DRPs on HRQoL as well. The median utility value of
HRQoL was shown to be negatively correlated with the number of DRPs. To achieve the best results for HRQoL,
healthcare providers should consider the holistic management of patients, including psychological and social factors.
Patients’ quality of life can be considerably enhanced by identifying and treating DRPs through interdisciplinary
collaboration and patient-centered treatment.**

Gender is one of many characteristics that have been linked to HRQoL, with females scoring 0.11 units lower than
males. This is consistent with a study from USA that attributed the low HRQoL scores in women compared to men due
the impact of both sociodemographic and socioeconomic characteristics on both genders.** According to previous
studies, females suffering from type 2 diabetes are generally experiencing a higher psychological impact such as the
feeling of anger, anxiety, and depression associated with their diabetes management concerns and being always under
social pressure to carry out their roles in family care, thus affecting their overall HRQOL negatively.>>*® The Charlson
comorbidity index negative correlation with HRQoL is another interesting finding from our study. This finding is
consistent with a systematic review describing how HRQoL for patients with chronic conditions like diabetes is
negatively affected by the load burden of comorbidities.>’

In our study, an increase in the number of medications was likewise linked to a decline in HRQoL. (This result is in
line with earlier studies that showed polypharmacy has a detrimental effect on HRQoL). Higher pharmaceutical burden
was linked to worse HRQoL scores among older persons with chronic conditions such as diabetes.”®>" Increased
medication burden is mainly associated with increased patient exposure to health complications and medication adverse
events leading to recurrent hospital admissions. Thus, greater need for healthcare support and lack of self-support which
could impact their mental health as well as their functional capacity and social well-being status.***" In parallel, an
Australian cohort study found that polypharmacy consistently had a negative connection with HRQoL in a variety of
patient demographics.** These results underline how crucial it is to tailor prescription regimens and weigh the advantages
and disadvantages of polypharmacy to lessen the negative effects on HRQoL.

This study revealed that patients with a family history of diabetes had significantly higher HRQoL scores compared to
those without family history of DM. This favorable correlation shows that family support, shared experiences, and
genetic predispositions may help people with a family history of diabetes manage their disease and maintain overall
wellbeing. Furthermore, the potential social and psychological support received by diabetic patients with family history
of DM from their family could positively improve their HRQoL domains. Providing socio-psychological support to
elderly diabetic patients would help in DM-associated emotional stress and depression relief, improving patients’ eating
habits, and enhancing patients' adherence to their medication regimens.*’

Physical activity would provide patients with better control of their blood glucose level and help further in controlling other
comorbidities symptoms such as elevated blood pressure and dyslipidemia which will improve patients’ overall quality of life
and reduce risk of DM-associated complication and mortality rate.** Diabetic patients with higher education level can
understand their disease status and medication prescribed much better compared to their counterparts which will allow
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them to comply more effectively with recommended treatments options and lifestyle modifications necessary to control their
disease condition.*” This study found a strong relationship between improved HRQoL and both physical activity and higher
education levels. These results are in line with a large body of research that shows how physical activity and education can
improve HRQoL in people with chronic conditions like diabetes. Numerous studies have shown that regular physical activity,
greater levels of education and disease management are all related to health-related quality of life.*®

Study Limitations

The sample size was relatively small, comprising only 491 patients, which may not be sufficient to draw definitive
conclusions, despite using sample size calculations for patient selection. Furthermore, due to its extensive use in research,
compatibility, and user-friendliness, the study used an older version (PCNE v.5) of the classification algorithm rather than
the more recent version (v.9). Also, the study is unicentered. However, it is important to note that KAUH is a tertiary
hospital that caters to a large and varied population, including various medical cases.

Conclusion

DRPs prevalence among geriatric patients with type 2 diabetes was high (94%). Drug choice and dosing problems were
the most common DRPs encountered in this study. DRPs were associated significantly with polypharmacy, smoking,
living alone, low monthly income, and presence of numerous comorbidities. Health-related quality of life (HRQoL) was
correlated negatively with increased number of DRPs. Future directions to reduce the modifiable risk factors such as
polypharmacy prescribing should be followed by healthcare providers to minimize the occurrence of DRPs among
geriatrics patients with diabetes, improve their HRQoL and overall patients’ health care. Also, this study results showed
the urgent need to conduct more diabetes educational programs to ensure that elderly diabetic patients have the essential
knowledge and skills to reach the optimum health outcomes and to reduce both disease and drug-related complications.
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