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Medication appropriateness in elderly patients with 
chronic respiratory disease: Insights from the medication 
appropriateness index
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Abstract
Background: This study was conducted at a respiratory disease outpatient clinic. The Medication Appropriateness Index (MAI) was used to assess 
potentially inappropriate medication (PIM) prescribing, the prevalence of PIM prescription, explore associated factors, and evaluate the reliability of 
the MAI in this disease area. Methods: A cross-sectional study at King Abdullah University Hospital (KAUH), a tertiary teaching hospital in Jordan. It 
included data from 70 older adults with chronic respiratory diseases and polypharmacy. The MAI was utilized by two clinical pharmacists to gauge the 
appropriateness of prescribed medications. Multivariate linear regression was used to analyze the factors influencing PIM prescription, while interrater 
reliability was assessed using the kappa statistic. Results: Among 70 patients (mean age: 74.16±6.45 years), 97.1% had at least one PIM, and 38.7% of 
the medications were deemed inappropriate. Polypharmacy correlated independently with increased MAI scores (OR:3.739; p<0.001). Good interrater 
agreement (κ=0.6) was observed. Conclusion: A high PIM prescription prevalence existed among older adults with chronic respiratory diseases (CRDs) 
and polypharmacy in respiratory outpatient settings. Polypharmacy significantly correlated with PIM prescription. The MAI demonstrated validity and 
reliability in identifying medication inappropriateness. These findings emphasize the need for tailored interventions to optimize medication management 
in this vulnerable population.
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due to age-related physiological changes affecting medication 
pharmacokinetics and pharmacodynamics.9 These changes 
contribute to heightened sensitivity and adverse drug reactions 
(ADRs).9 Considering these changes is crucial for preventing 
major drug-related problems (DRPs) in older adults.10 The most 
significant clinical pharmacokinetic alteration in older adults is 
the reduction in glomerular filtration rate (GFR).11,12 Reduced 
renal clearance has clinically important consequences on drugs 
that are mainly removed by the kidneys.13

Drug-related problems, including PIM prescription, medication 
underuse, polypharmacy, ADRs, and nonadherence, are linked 
to increased morbidity, mortality, prolonged hospital stays, 
higher treatment costs, and decreased quality of life (QoL)14-

16. PIMs are medications that have high risk-benefit ratios 
with safer alternatives available.17 Inappropriate prescribing 
is prevalent in older adults in general, ranging from 11.5% to 
62.5%, leading to increased healthcare costs, adverse events, 
falls, hospitalizations, and mortality.18-20

Concerning the evaluation of PIM prescribing, explicit and 
implicit criteria were used as reliable tools for this purpose. 
Explicit criteria, such as the American Geriatrics Society Beers 
criteria and the STOPP, outline medications to avoid having 
higher risk-to-benefit ratios.21 The implicit criteria, such as 
the MAI, assess PIM prescribing in older adults; considering 
healthcare professionals’ judgement to assess medication 
appropriateness. The implicit criteria have proven to be valid 
and reliable with good intrarater and interrater reliability.22-27 

The present study aimed to assess medication inappropriateness 

INTRODUCTION
Over the past few decades, there has been a significant increase 
in the average age of the general population,1-3 with geriatrics 
(aged 65 and older) encompassing higher percentages of 
inhabitants worldwide.4-5 The aging population is facing an 
increased incidence of CRDs,6 which requires additional 
medical care7,8 and higher healthcare expenses. 

Pharmacotherapy for older adults poses significant challenges 
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using the MAI in older adults with CRDs and polypharmacy in 
a respiratory outpatient clinic. The study sought to determine 
PIM incidence, explore predictors of PIM prescription, and 
evaluate the reliability of the MAI in assessing medication 
appropriateness in this setting.

METHODS
Study Design and Setting:

In this cross-sectional study we collected data from 70 geriatric 
patients at a respiratory outpatient clinic at King Abdullah 
University Hospital (KAUH) in Jordan. The study sample was 
based on similar studies in literature.28

Ethical Consideration:

The study was approved by the Institutional Review Board (IRB) 
of Jordan University of Science and Technology and KAUH in 
March 2023 (IRB number 26/2023).

Inclusion and Exclusion Criteria:

The inclusion criteria included older adults (≥65 years) with 
chronic respiratory disease, polypharmacy, who are visiting or 
had visited the clinic. The exclusion criteria were age <65 years 
and/or incomplete data.

Data Collection:

Patient data, including demographic information, medical 
history, diagnoses, and laboratory data were collected. 
Medication details were collected between January 2021 and 
April 2023. Required data including medication details were 
entered on special forms (see Appendix A).

Evaluation of Potential Inappropriate Medication Prescribing 

The MAI, validated for reliability, was used to assess 
appropriateness using nine criteria (excluding cost). Two clinical 
pharmacists independently reviewed and scored a total of 649 
medications from 70 patients. Responses were categorized 
as (0, 0.5, 1), and inappropriate ratings were multiplied by 
the criterion weight, yielding a summed MAI score for each 
medication (0–17) as described by Hanlon et al.29

Statistical Analysis

The IBM SPSS version 25.0 was used for analysis. Descriptive 
statistics are presented as percentages, means±SDs, medians, 
IQRs, mins, maxs, ranges, and absolute frequencies. A P<0.05 
value indicated statistical significance.

Predictors of Potential Inappropriate Medication Prescribing

Multivariate linear regression was used to analyze the 
relationships between demographic/clinical factors and 
summed MAI score per patient. Odds ratios (95% CI) were 
determined.

Interrater Reliability

Two raters independently reviewed the data. Interrater 
reliability was assessed using two-by-two contingency tables, 

calculating overall percentage agreement (Po%), positive 
agreement (P-pos), and negative agreement (P-neg). The kappa 
statistic was used to determine the chance-adjusted agreement 
and indicated reliability (kappa<0.40: poor; 0.40–0.75: good; 
>0.75: excellent).30-32 Items with <10 inappropriate ratings were 
excluded.

RESULTS
Patient Demographics and Clinical Data

Data from 70 older adults, with a mean age of 74.16±6.45 years 
(range 65–88), were included in the study. Of the total patients 
included, 51.4% were women. The mean number of chronic 
diseases was 4.17±1.44 (median 4.0; range 1–8). The mean 
number of prescribed medications was 9.27±2.76 (median 9; 
range 5–15). Notably, 12.9% of patients were prescribed ≥13 
medications. The mean GFR was 71.80±27.11 ml/min, and 
51.4% exhibited mild renal impairment. The average summed 
weighted MAI score per patient (MAI score per patient) and 
per individual medication (MAI score per medication) were 
29.17±17.22 and 3.15±5.02, respectively. Table 1 shows the 
patients’ demographic and clinical characteristics.

Disease and Medication Patterns

In the studied patient population, a total of 292 chronic 
diseases were found. The predominant chronic diseases were 
circulatory system diseases (n=100; 34.2%) and respiratory 
system diseases (n=88; 30.1%). Table 2 presents a breakdown 
of the 10 most prevalent disease classes.

Table 1. Demographic and clinical characteristics of patients 

Patient Characteristics (n=70) Value

Age in years, n (%)
 Mean±SD
 Range
 65-74
 75-84
 ≥ 85

74.16±6.45
65-88

38 (54.3)
26 (37.1)

6 (8.6)

Gender, n (%)
 Male
 Female

34 (48.6)
36 (51.4) 

Race, n (%) 
 Caucasian 70 (100)

Number of Illnesses
 Mean±SD
 Median (IQR)
 Range 
Number of patients with illnesses, n (%):
 1-2 
 3-4 
 ≥ 5 Illnesses, n (%)

4.17±1.44
4.0 (3.0, 5.0)

1-8

5 (7.1)
38 (54.3)
27 (38.6)

GFR (Abbreviated MDRD, mL/min)
 Mean±SD
 Range
Normal Renal Function, n (%)
 Mild Renal Impairment, n (%)
 Moderate Renal Impairment, n (%)
 Severe Renal Impairment, n (%)

71.80±27.11
11-157

13 (18.6)
36 (51.4)
19 (27.1)

2 (2.9)
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A comprehensive evaluation of 649 medications revealed 
that the most commonly prescribed classes were respiratory 
tract (n=213; 32.8%), cardiovascular (n=180; 27.7%), and 
gastrointestinal medications (n=59; 9.1%). The leading 
respiratory medications were fluticasone and salmeterol 
(n=37; 17.4%), salbutamol (n=36; 16.9%), and tiotropium 
bromide (n=31; 14.6%). Table 2 shows the details of the top 10 
most frequently prescribed medication classes and respiratory 
medications.

Medication Appropriateness Using the MAI

The vast majority of patients (n=68; 97.1%) had at least one 
PIM, indicated by one or more inappropriate ratings within the 
nine MAI criteria for at least one medication. Out of the 649 
medications, 251 (38.7%) received one or more inappropriate 
ratings across the MAI criteria.

Among the 213 assessed respiratory medications, 99 (46.5%) 
were deemed inappropriately prescribed. Salbutamol (n=25; 
25.3%), loratadine (n=20; 20.2%), and fluticasone (n=19; 19.2%) 
were the most frequently prescribed respiratory medications. 
Table 3 shows the details of the top 10 most frequently 
prescribed inappropriate respiratory medications.

Among the 649 medications, 198 (30.5%) were prescribed 
with incorrect directions, 176 (27.1%) had incorrect duration, 
and 174 (26.8%) had impractical directions. Conversely, only 
8 (1.2%) of the prescribed medications exhibited potential 
drug-disease interactions. Refer to Table (4) for the number 
of medications with appropriate, marginally appropriate, or 
inappropriate scores, as well as patients with inappropriate 
MAI criteria for at least one medication.

Factors Influencing Potentially Inappropriate Medication 
Prescribing

Multivariate linear regression analysis was used to explore 
the potential association between demographic and clinical 
factors and the summed weighted MAI score per patient. The 
study revealed that an increase in the number of medications 
per patient was independently and significantly [95%CI 2.36-
4.23] associated with higher MAI scores (OR= 3.739; 95%CI 
2.17-5.31; p<0.001). Conversely, the number of chronic 
diseases a patient had was independently and significantly 

Number of medications
 Mean±SD
 Median (IQR)
 Range
Number of patients with:
 5-8 Medications, n (%)
 9-12 Medications, n (%) 
 ≥ 13 Medications, n (%)

9.27±2.76
9 (7, 11)

5-15

33 (47.1) 
28 (40.0)
9 (12.9) 

Summed MAI Score per patient
 Mean±SD 
 Range 
 Median (IQR)

29.17±17.22
0 - 67

27.00 (16.00, 41.25)

MAI Score per individual medication
 Mean±SD 
 Range 
 Median (IQR)

3.15±5.02
0 - 15

0 (0, 3)

Table 2. Most common diseases and most frequently prescribed medications

Top 10 Diseases* n (%) Top 10 Prescribed 
Medication Classes$ n (%) Top 10 Prescribed respiratory 

Medications n (%)

Circulatory system 100 (34.2) Respiratory tract 213 (32.8) Fluticasone and salmeterol 37 (17.4)

Respiratory system 88 (30.1) Cardiovascular 180 (27.7) Salbutamol 36 (16.9)

Endocrine, nutritional, and metabolic diseases 34 (11.6) Gastrointestinal 59 (9.1) Tiotropium bromide 31 (14.6)

Musculoskeletal system and connective tissue 25 (8.6) Antidiabetic 52 (8.0) Fluticasone 23 (10.8)

Genitourinary system 14 (4.8) Diuretic 43 (6.6) Loratadine 22 (10.3)

Digestive system 13 (4.5) Vitamins and Minerals 43 (6.6) Ipratropium and salbutamol 18 (8.5)

Nervous system 7 (2.4) Genitourinary 17 (2.6) Budesonide and formoterol 15 (7.0)

Neoplasms 5 (1.7) Pain and Inflammation 11 (1.7) O2 therapy 8 (3.8)

Infectious 2 (0.7) CNS 9 (1.4) Glycopyrronium 5 (2.3)

Skin and subcutaneous tissue 2 (0.7) Other 8 (1.2) Others 18 (8.5)

Total 292 (100) 649 (100) Total 213 (100)

Diseases were classified using ICD-10 classification.45

 $Medications were classified using ACT classification.46

Table 3. Most frequently prescribed inappropriate respiratory medications 

Top 10 most frequently prescribed inappropriate 
respiratory medications N (%)

Salbutamol 25 (25.3)

Loratadine 20 (20.2)

Fluticasone 19 (19.2)

Ipratropium and salbutamol 9 (9.1)

Glycopyrronium 4 (4)

Fluticasone and salmeterol 4 (4)

Tiotropium bromide 4 (4)

Theophylline 4 (4)

Ipratropium Bromide 3 (3)

Others 7 (7.1)

Total 99 (100)
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associated with lower MAI scores (OR= -3.066; 95%CI -6.013 
to 0.118; p=0.042). However, age and sex were not significantly 
associated with MAI scores. Notably, compared to patients in 
the reference group taking 5-8 medications, patients taking 
13 or more medications exhibited increased MAI scores 
(OR=23.030; 95%CI 11.213:34.848; p<0.001). Table 5 shows 
the comprehensive presentation of factors associated with 
inappropriate prescription, as determined by the MAI score.

Interrater Reliability

As shown in Table 6, the agreement between the two raters for 
the 649 medications, employing dichotomized scores. Of these, 
452 (69.6%) medications received concordant appropriate 
ratings for the indication (column A). Conversely, 136 (21%) 
medications were deemed inappropriate by both raters for 
the indication (column D). Disagreement on indication ratings 

occurred for 61 (9.4%) medications (columns B and C), with 
B indicating disagreement favouring Rater 1 and C favouring 
Rater 2.

The presence of agreement signified that both raters assigned 
the same score to a medication for a given criterion. Positive 
agreement (P-pos) represented instances where both raters 
agreed that a medication was appropriate for each MAI 
criterion. Negative agreement (P-neg) denoted concordance 
between raters on a medication’s inappropriateness for that 
criterion. 

A kappa value of 0.60 indicated good overall agreement 
between the two raters (0.40-0.75 signifies good interrater 
reliability). Notably, the highest kappa values were for 
treatment duration (0.77), indication (0.76), and effectiveness 
(0.72), while the lowest was for drug-drug interactions (0.35). 

Table 4. Number and percentage of medications with appropriate, marginally appropriate, and inappropriate scores per question and patients with 
inappropriate MAI criterion for at least one medication

MAI Question
Appropriate Marginally Appropriate Inappropriate Patients with inappropriate MAI 

criterion in at least one medication 

N % N % N % n (%, 95% CI)

1- Indication 469 72.3 32 4.9 148 22.8 61 (87.1, 77.0-93.9)

2- Effectiveness 443 68.3 51 7.9 155 23.9 61 (87.1, 77.0-93.9)

3- Dosage 435 67.0 52 8.0 162 25.0 62 (88.6, 78.7-94.9)

4- Correct Directions 413 63.6 38 5.9 198 30.5 65 (92.9, 84.1-97.6)

5- Practical Directions 439 67.6 36 5.5 174 26.8 65 (92.9, 84.1-97.6)

6- Potential Drug-drug Interaction 612 94.3 28 4.3 9 1.4 8 (11.4,5.1-21.3)

7- Potential Drug-disease Interaction 638 98.3 3 0.5 8 1.2 7 (10.0, 4.1-19.5)

8-Duplication 617 95.1 3 0.5 29 4.5 20 (28.6, 18.4-40.6)

9- Duration	 437 67.3 36 5.5 176 27.1 65 (92.9, 84.1-97.6)

Overall Ratings 4503 77.1 279 4.8 1059 18.1 68 (97.1, 90.1-99.7)

Table 5. Factors associated with inappropriate prescribing as determined by the MAI score

Factor
MAI

OR 95% CI p-value

Age (Years): 
 Overall
 65-74
 75-84 
 ≥ 85

0.129 
Reference

-2.281 
0.526

 
-0.454 - 0.713

Reference
-11.137 - 6.574

-14.758 - 15.811

0.659 
Reference

0.609
0.945

Gender
 Male 
 Female

Reference
0.343

Reference
-6.968 - 7.653

Reference
0.926

Number of medications:
Overall
 5-8
 9-12
 ≥ 13

3.739 
Reference

7.268
23.030

2.165 - 5.312
Reference 

-0.806 - 15.343
11.213 - 34.848

<0.001*
Reference 

0.077
<0.001*

Number of illnesses: 
 Overall 
 1-2
 3-4
 ≥ 5

-3.066 
Reference

4.111
0.881

-6.013 - -0.118
Reference

-12.397 - 20.618
-16.013 - 17.776

0.042*
Reference

0.621
0.917

*: Significant (p <0.05). 
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Table 6. Interrater agreement for MAI (n=649 medications)

MAI Question A B C D Agreement (%)* Kappa€ P-pos P-neg

1-Indication 452 9 52 136 91 0.76 0.98 0.72

2- Effectiveness 444 8 62 135 89 0.72 0.98 0.69

3- Dosage 413 16 76 143 86 0.38 0.96 0.65

4- Correct Directions 392 16 77 164 86 0.68 0.96 0.68

5- Practical Directions 391 14 85 159 85 0.66 0.97 0.65

6- Drug-drug Interaction 606 8 25 10 95 0.35 0.99 0.29

7- Drug-disease Interaction 630 12 6 1 97 0.09$ 0.98 0.14$

8-Duplication 570 3 53 23 91 0.42 1.00 0.30

9- Duration 417 9 56 167 90 0.77 0.98 0.75

Overall¥ 311 16 99 223 82 0.60 0.95 0.69

P-neg = negative agreement; P-pos = positive agreement 
A = appropriate according to both raters; B = appropriate according to rater 1, inappropriate according to rater 2; C = appropriate 
according to rater 2, inappropriate according to rater 1; D = inappropriate according to both raters
*Agreement (%) = (A + D/A+B+C+D) * 100.47

€Kappa statistic is chance-adjusted agreement, a Kappa value less than 0.40 indicates poor inter-rater reliability, 0.40-0.75 indicates 
good inter-rater reliability and a value greater than 0.75 indicates excellent reproducibility
$Inadequate variability in ratings 
¥Medication’s overall appropriateness (inappropriate if 1 of the 9 criteria was rated as inappropriate)

Considering all scored medications, the overall interrater 
agreement percentage was 82%, ranging from 85% to 97% for 
the individual nine items.

DISCUSSION
Our study aligns with the literature, affirming the challenges 
posed by polypharmacy in older adults, particularly those with 
CRDs.33,34 The prevalence of chronic diseases and medications, 
escalating with age mirrors established patterns in similar 
studies.35 The concerning proportion of patients prescribed 
13 or more medications emphasizes the vulnerability of this 
subgroup to adverse outcomes associated with polypharmacy.35

Contributing to the understanding of disease and medication 
use patterns in older adults, our findings resonate with the 
prominence of circulatory and respiratory system diseases.36 

This aligns with the literature, stressing the need for tailored 
interventions for these prevalent conditions.33 Discrepancies 
in medication classes and specific drugs, compared with 
published data, highlight potential regional variations or 
patient population-specific patterns, underscoring the 
necessity for context-specific approaches.37 The predominance 
of salbutamol as the leading culprit in PIMs in this study aligns 
with the results of community surveillance, which reported 
that only 10% of elderly patients handled the inhaler device 
appropriately.38

Concerns about the high prevalence of PIM use in older adults, 
as raised in previous research were also found resonance in our 
study.34 Identifying specific respiratory medications frequently 
prescribed inappropriately aligns with the call for targeted 
interventions in this therapeutic area.33 A comparison with 
studies using the MAI enriches our understanding of consistent 
findings across diverse populations and healthcare settings.34 

The identification of the number of medications as a significant 
predictor of increased MAI scores in this population aligns with 
the literature, highlighting the universal challenge of managing 
polypharmacy in older adults.35 Conversely, the association 
between a greater number of chronic diseases and lower MAI 
scores prompts further exploration into the complex interplay 
between disease burden and medication appropriateness. The 
lack of significant associations with age and sex underscores 
the multifactorial nature of inappropriate prescribing, which is 
consistent with findings from several other studies.35,39,40 and 
different from some others.41-43 A comparative analysis against 
studies with similar objectives offers nuanced insights into 
contextual factors influencing prescribing practices.33

The assessment of interrater reliability provides insights 
into the robustness of the methodology, as it yielded good 
overall agreement and kappa values consistent with those of 
studies using similar methodologies for assessing medication 
appropriateness.36 Comparison with interrater reliability studies 
using MAI or similar tools enhances the generalizability of our 
findings, confirming the tool’s reliability in diverse healthcare 
settings.36,44

CONCLUSION
Our study revealed a significant prevalence of PIM prescription 
in elderly patients with CRDs and polypharmacy in an 
outpatient setting. The majority of patients exhibited at least 
one PIM, which was significantly linked with polypharmacy. 
Furthermore, our findings highlight the efficacy of the MAI 
in discerning medication appropriateness in older adults 
in respiratory outpatient settings. The demonstrated good 
interrater reliability emphasizes the validity and reliability 
of the MAI, affirming its utility for identifying medication 
inappropriateness in this patient population. This study lays 
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