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Background: Drug-relatedproblems cause severe disabilities, premature deaths, and unnecessary
costs. Telepharmacy offer easier access to needed medications, preventing DRPs. Adoption has
been slow, and it is unclear what aspects of telepharmacy are most important. The COVID-19
pandemic disrupted health services, forcing the rapid adoption of telepharmacy. In Phayao,
Thailand, aprogramwas implemented forhomedeliveryofdrugs forpatientswithchronicdisease.
Objectives: This study aimed to explore the prevalence and factors associated with DRPs of
patients with chronic disease who received home drug-delivery services.
Methods: A cross-sectional study was undertaken in Phayao Province located in North Thailand.
Simple randomsamplingwasusedtoselectpatients from6publichospitalsbetween JulyandAugust
2020. Logistic regressionwas used to analyze multivariate factors that might be related to DRPs.
Results: A total of 246 participants reported at least 1 DRP (49.30%). Most participants were
female (58.32%) with elementary education (60.72%). Their mean age was 63.69 (SD ¼ 12.97)
years. The 5 most common DRPs were changes of drug packaging or drug brands (18.84%),
leftover medications of more than 2 weeks (18.44%), nonadherence (17.43%), having conditions
or diseases requiring additional medications (6.81%), and adverse drug reactions (5.21%). Uni-
variate analysis identifiednumberof chronic conditions, diabetesmellitus, dyslipidemia, chronic
kidney disease, education level, and drug-delivery channel as predictors of DRPs. Inmultivariate
analysis, predictors of DRPs were the number of drugs used per day (adjusted odds ratio [aOR]
1.11 [95% CI 1.03-1.19], P ¼ 0.004) and dyslipidemia (aOR 1.83 [95% CI 1.18-2.84], P ¼ 0.007).
Nonadherence was associated with leftover medicines (aOR 4.22 [95% CI 2.44-7.28], P < 0.001)
Conclusion: The present results indicate that home delivery caused no increase and may have
caused a decrease in DRPs, and patients were highly satisfied. These promising results suggest
that home delivery should be continued and further investigated even as the COVID-19
einduced emergency subsides.
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Introduction

Drug-related problems (DRPs) are undesirable incidents
related to medication therapy. They can result in severe dis-
abilities, premature deaths, and billions of dollars in annual
economic loss.1 For example, the economic burden arising
fromdrug-relatedmorbidity andmortality in the United States
was $177.4 billion.1 Reports fromvarious hospitals have shown
that 6.5%-16.2% of all hospital admissions are DRPs.2,3 Up to
70% of patients suffer from DRPs.4,5

The percentage of patients experiencing DRPs is often near
or above 50%. This has been found in many different countries,
including Malaysia (50%),6 the Netherlands (53%),7 and
Ethiopia (70%).5 DRPs were more common in older patients
and especially in people with chronic diseases.4,5 In Thailand,
nc. All rights reserved.
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Key Points

Background:

� Drug-related problems (DRPs) are prevalent among

patients with chronic disease, leading to wasted re-

sources and increased morbidity and mortality.

� The coronavirus disease 2019 (COVID-19) pandemic

disrupted health services. Many countries developed

home drug-delivery programs to reduce over-

crowding in hospitals. This created a natural experi-

ment in telepharmacy.

� Telepharmacy is a potential platform for decreasing

DRPs, but adoption of telepharmacy programs has

been slow.

Findings:

� Home drug delivery was favorable. Patients were

extremely pleased, and several expressed an interest

in continuing home delivery.

� Relative to previous findings, patients in the drug-

delivery program had lower levels of non-

adherence, fewer conditions or diseases requiring

additional medications, and fewer adverse drug re-

actions. These findings suggest that the drug-

delivery program may reduce DRPs.

� Telepharmacy programs should be implemented

involving home delivery of pharmaceuticals. DRP

reduction should be explicitly targeted through bet-

ter labeling and more clinician follow-up to address

common problems.

Effects of home drug delivery on DRPs during COVID-19
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studies have estimated that between 39.3% and 52.62% of
patients in rural areas have experienced DRPs.8,9

In general, a DRP is defined as an event or circumstance
involving drug therapy that actually or potentially interferes
with desired health outcomes in patients.10e14 Common ex-
amples of DRPs include nonadherence to prescribed drug
regimen, patients lacking understanding of how to take their
medication or what dosage to take, patients experiencing
unexpected adverse side effects or drug interactions,5,8,15

changes of drug packaging or drug brands,16 and, in extreme
cases, patients experiencing unexpected medical emergencies
resulting in hospitalization.1,7,8 The likelihood of DRPs is
heightened in situations involving older patients, suboptimal
prescribing (e.g., overuse, inappropriate use, or underuse of
medications, and polypharmacy), medication errors (both
dispensing and administration problems), and patient medi-
cation noncompliance (both intentional and unintentional).17

The study of DRPs has often been clouded by inconsistent
definitions. In this study, we used a comprehensive definition
combining subtypes of DRPs from several different coding
systems (see Methods and Appendix 2). This allowed us to
capture the full range of DRPs.

There have been several strategies to reduce DRPs. One
promising approach is the implementation of telepharmacy.
Telepharmacy is defined as “a method used in pharmacy
practice in which pharmacists use telecommunications
technology to oversee aspects of pharmacy operations or
provide patient-care services.”18 The term telepharmacy acts
as an umbrella covering a range of interventions, including
home delivery of drugs, phone calls with pharmacists, remote
monitoring of patient drug use, textmessaging apps, and video
consultations.19 Although studies have consistently demon-
strated that telepharmacy improves patient outcomes, wide-
spread adoption has been slow. Moreover, because
telepharmacy approaches often include several simulta-
neously applied interventions, it is not clear which aspects of
telepharmacy are of most benefit to patients.20

The coronavirus disease 2019 (COVID-19) pandemic has
disrupted health services, particularly for patients with
chronic disease.21 These disruptions have accelerated the
adoption of telepharmacy practices. In South Africa, Qatar, and
China, home delivery pharmacy services have been estab-
lished.22e24 All 3 of these programs combined home delivery
with other aspects of telepharmacy practices (e.g., video
consultation). The Qatari study was the only one to evaluate
DRPs and found that drug adherence improved for patients in
their home delivery program.23

Similar to other countries, Thailand’s health system was
disrupted by COVID-19. Telepharmacy was partially imple-
mented to help social distancing and reduce overcrowding of
patients in hospitals. Specifically, a home delivery drug refill
program (HDDP) was implemented. The HDDP was imple-
mented country-wide through Thailand’s Universal Health
Coverage system, which covers more than 75% of the popu-
lation.25 The initial phase of the HDDP studied here included
home delivery without other aspects of telepharmacy.

More specifically, the HDDPwas implemented on a patient-
by-patient basis following a two-step procedure. First, doctors
and hospital pharmacists reviewed chronic patients’ medical
records. All patients with chronic disease who did not need to
be hospitalized for any condition were enrolled in the HDDP.
Second, drug delivery was carried out almost entirely by
community volunteers and nurses from local clinics (>95%).

As the world adjusts to a new normal, it is unclear whether
effort should be made to improve and make permanent the
emergency telepharmacy programs that have been imple-
mented, or whether we should strive for a return to prepan-
demic standards of care. Today, some hospitals in Thailand
have continued the HDDP, but others have reverted to hospital
drug distribution. Where it has been continued, Thailand’s
drug-delivery system has been augmented with video, text
messaging, and mobile application support, but in the early
days of the pandemic, this was not so. Thus, this study aimed
to explore the prevalence and factors associated with DRPs of
patients with chronic disease who received home drug-
delivery services during COVID-19 pandemic in isolation
from other aspects of telepharmacy.
Methods

Study design and setting

A cross-sectional study was undertaken in Phayao Province
located in the northern part of Thailand. Older rural Thai
people with chronic diseases were our target population. This
study was approved by the Institutional Review Board of
Phayao Provincial Public Health Office, Phayao Province,
1207
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Thailand (No. 27/2563). All procedures performed in the pre-
sent study involving human participants were in accordance
with ethical standard procedures. Consent forms were
completed by all participants before their interview.

Study population and study size

A total of 19,658 patients distributed across 6 regional
hospitals in Phayao Province were enrolled in the HDDP and
formed our total population of interest. Applying sample size
calculation formula26 with N ¼ 19,658 and acceptable sam-
pling error of 0.05 resulted in a target sample size of 392, to
which, we added 10% to account for incomplete data sets,
yielding a target sample size of 431. To further avoid missing
data, the research team collected structured interview data
using a purpose-developed questionnaire from 500 patients.
Data were collected in proportion to total number of patients
enrolled in the HDDP at each hospital (Appendix 1). Within
hospitals, patients were assigned deidentified numbers, and
then, patients were invited to participate through random
number selection until each hospital’s quota had been filled.

All patients in the HDDP suffered from chronic diseases,
which were defined broadly as conditions that last 1 year or
more and that require ongoing medical attention or that limit
activities of daily living or both. Common chronic diseases
included heart disease, cancer, and diabetes and are the
leading causes of death and disability.27

Data collection

Data were collected between July and August 2020. The
period of the HDDP was from March to May 2020. Each
interview took about 30minutes. Six primary care pharmacists
were trained before interviewing patients with chronic dis-
ease in their charge in each community. DRPs were identified
using a validated survey questionnaire.

Questionnaire development

To identify all possible DRPs, we developed a questionnaire
that integrated aspects of 5 previously published definitions as
well as input from our own expert panel (Appendix 2).10e14

Our expert panel comprised 2 pharmacy researchers, 6 pri-
mary care pharmacists, and 4 policy makers from the Provin-
cial Public Health Office. This resulted in a more inclusive than
typical definition of DRPs.

Content validity was assessed using evaluations from 3
chief pharmacists in the Provincial Health Office of Phayao.
Using these ratings, we calculated the index of item objective
congruence for each item using the mean across evaluators.
Items that had scores higher than or equal to 0.5 were
reserved.

To enhance reliability of data collection, 6 primary care
pharmacists were trained with a 3-hour session before
interviewing patients. In addition, a written guide for
recording the questionnaires was provided. To quantify reli-
ability, Cronbach’s alpha was calculated to determine inter-
rater reliability among our pharmacists. They all examined the
same example questionnaire data to see whether they could
detect DRPs.28 This procedure yielded excellent agreement,
and interrater reliability was 0.92.
1208
The questionnaire was divided into 3 sections: (1) general
information about the informant (Table 1), (2) satisfaction
with the HDDP (Table 2), and (3) drug-related problems
(Table 3).

Definition of DRPs, nonadherence, polypharmacy, and leftover
medicine

In this study, a DRP was defined as an event or circum-
stance involving drug therapy that actually or potentially in-
terferes with desired health outcomes in the patients,10e14

including changes of drug packaging or drug brands,16 left-
overmedicationsmore than 2weeks,29 and nonadherence and
adverse drug reactions. Specific survey questions probed
various examples of DRPs (Table 3). Nonadherence was
defined as patients not taking medications, adjusting the dose
themselves, and/or forgetting to take their medicine.30 Poly-
pharmacy was defined as taking 5 or more medications per
day.31 Leftover medicine of more than 2 weeks was defined as
prescription drugs that have been oversupplied to patients by
more than 2 weeks.32

Primary and secondary outcomes of interest

The primary outcome of interest in this study was the
prevalence of DRPs in patients with chronic disease (whowere
provided with HDDP). The secondary outcomes were factors
associated with DRPs, nonadherence, and leftover medicines.
Assessment of DRPs was based on the validated questions.

Statistical analysis

Demographic information, types of DRPs, and satisfaction
with the drug-delivery system were summarized using
descriptive statistics and were described with frequency and
percentages. Continuous data were compared using t test, and
those results are shown as mean ± SD. Categorical data were
compared using chi-square test or Fisher’s exact test based on
the criterion that when more than 20% of cells have expected
frequencies <5, we need to use Fisher’s exact test.33 The risk of
experiencing a DRP as a function of various predictors in the
data set were evaluated using univariate logistic regression,
and those results are expressed as odds ratios (ORs) and 95%
CIs. Both variables with P < 0.05 in univariate analysis and
those identified by previous studies4,8,16,34 as predictors of
DRPs were submitted to multivariate logistic regression to
establish their independent association with DRPs while sta-
tistically controlling for other factors.

Results

Baseline characteristics

A total of 499 patients were included in the final analysis.
The participants were mostly female (58.32%) with elemen-
tary education (60.72%). Their mean age was 63.69
(SD ¼ 12.97) years. The mean number of chronic conditions
was 1.90 (SD ¼ 0.90). The most common chronic diseases
were hypertension (67.13%), diabetes mellitus (33.27%), dys-
lipidemia (24.25%), chronic kidney disease (18.64%), and
asthma (8.62%) (Table 1. and Appendix 3). Forty-five percent



Table 1
Baseline characteristics of the participants

Characteristics Total N ¼ 499
n (%)

With DRPs n¼246
n (%)

Non-DRPs n¼253
n (%)

P value (DRPs VS non-DRPs)

Gender
Female 291 (58.32) 141 (57.32) 150 (59.29) 0.716
Male 208 (41.68) 105 (42.68) 103 (40.71)

Age (years) (Mean ± SD) 63.69 ± 12.97
� 65 253 (50.70) 121 (49.19) 132 (52.17) 0.531
� 65 246 (49.30) 125 (50.81) 121 (47.83)

Number of chronic conditions
(Mean ± SD) 1.9 ± 0.90
One 194 (38.88) 83 (33.74) 111 (43.87) 0.012*
Two 190 (38.08) 95 (38.62) 95 (37.55)
Three 91 (18.24) 49 (19.92) 42 (16.60)
Four 18 (3.61) 14 (5.69) 4 (1.58)
Five 6 (1.20) 5 (2.03) 1 (0.40)

Chronic conditions
Hypertension
Yes 335 (67.13) 167 (67.89) 168 (66.40) 0.775
No 164 (32.87) 79 (32.11) 85 (33.60)

Diabetes mellitus
Yes 166 (33.27) 94 (38.21) 72 (28.46) 0.023a

No 333 (66.73) 152 (61.79) 181 (71.54)
Dyslipidemia
Yes 121 (24.25) 77 (31.30) 44 (17.39) <0.0001a

No 378 (75.75) 169 (68.70) 209 (82.61)
Chronic kidney disease
Yes 93 (18.64) 37 (15.04) 56 (22.13) 0.05 a

No 406 (81.36) 209 (84.96) 197 (77.87)
Asthma
Yes 43 (8.62) 19 (7.72) 24 (9.49) 0.526
No 456 (91.38) 227 (92.28) 229 (90.51)

Polypharmacy
No polypharmacy (< 5) 274 (54.91) 125 (50.81) 149 (58.89) 0.073
Polypharmacy (�5) 225 (45.09) 121 (49.19) 104 (41.11)

Education level
No education 76 (15.23) 43 (17.48) 33 (13.04) 0.044 a

Elementary school 303 (60.72) 154 (62.60) 149 (58.89)
Junior high school 47 (9.42) 14 (5.69) 33 (13.04)
Senior high school 50 (10.02) 22 (8.94) 28 (11.07)
Bachelor’s degree 20 (4.01) 12 (4.88) 8 (3.16)
Postgraduate degree 1 (0.20) 0 (0.00) 1 (0.40)
Others 2 (0.40) 1 (0.41) 1 (0.4)

Occupation
No occupation 243 (48.70) 127 (51.63) 116 (45.85) 0.392
Employee 71 (14.23) 27 (10.98) 44 (17.39)
Agriculturist 137 (27.45) 66 (26.83) 71 (28.06)
Business 23 (4.61) 13 (5.28) 10 (3.95)
Government official 12 (2.40) 6 (2.44) 6 (2.37)
Others 13 (2.6) 7 (2.85) 6 (2.38)

The participants received a comprehensive list of their
prescription drugs

486 (97.39) 234 (95.12 252 (99.60) 0.2

Drug-delivery channel
Primary care pharmacist 2 (0.40) 0 (0.00) 2 (0.79) 0.013 a

Mail carriers 14 (2.81) 2 (0.81) 12 (4.74)
Nurses from local clinics 162 (32.46) 89 (36.18) 73 (28.85)
Community volunteers 316 (63.33) 152 (61.79) 164 (64.82)
Others 5 (1.0) 2 (0.81) 2 (0.79)

If the COVID-19 continues to spread, how would the patients like to receive home drug-delivery channel?
Hospital pharmacist (standard before COVID-19) 82 (16.43) 34 (13.82) 48 (18.97) 0.316
Mail carriers 10 (2.00) 4 (1.63) 6 (2.37)
Nurses from local clinics 152 (30.46) 75 (30.49) 77 (30.43)
Community volunteers 251 (50.30) 129 (52.44) 122 (48.22)
Others 4 (0.80) 4 (1.63) 0 (0.00)

Abbreviations used: DRP, drug related problem.
a P value < 0.05 was considered statistically significant (DRPs VS non-DRPs).

Effects of home drug delivery on DRPs during COVID-19
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Table 2
Satisfaction of home drug-delivery program

Satisfaction Satisfaction level

Satisfied n (%) Neutral n (%) Dissatisfied n (%)

Information received with drug delivery 322 (64.6) 114 (22.9) 63 (12.4)
Method of drug delivery 368 (73.9) 124 (24.8) 7 (1.3)
Timeliness of drug delivery 412 (82.5) 68 (13.7) 19 (3.8)

N. Chaomuang et al. / Journal of the American Pharmacists Association 62 (2022) 1206e1213
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(45.09%) of participants had polypharmacy (used �5 drugs
daily).31

Drugs were delivered to participants’ homes by commu-
nity volunteers (63.33 %), nurses from local clinics (32.46 %),
mail carriers (2.81%), primary care pharmacists (0.40%), and
others (1.0 %). Most of the participants also received a
comprehensive list of their prescription drugs (97.39%)
(Table 1).

Patients were generally satisfied with the HDDP (Table 2).
They reported satisfaction with the information received
with HDDP, the method of drug delivery, and the timeliness
of delivery at rates of 65%, 74%, and 83%, respectively
(Table 2).

Total DRPs in all patients with chronic disease who
participated in the study are shown in Table 3 and Appendix 4.

There were 246 participants who reported at least 1 DRP
(49.30%). The top 5 DRPs were as follows: changes of drug
packaging or drug brands (18.84%), leftover medications of
more than 2 weeks (18.44%), nonadherence (17.43%), having
conditions or diseases requiring additional medication (6.81%),
and ADRs (5.21%).
Association between DRP and patients’ characteristics;
univariate analysis

Independent variables were tested for statistically signifi-
cant association with DRP outcomes. The odds of experiencing
a DRP were significantly higher as a function of the number of
chronic conditions and for patients with diabetes mellitus,
dyslipidemia, or chronic kidney disease. DRP prevalence was
also higher for less educated patients and varied across drug-
delivery channel (Table 1).
Table 3
DRPs identified in patients with chronic disease (N total ¼ 427 DRPs)

Sr. No DRPs

1. Changes of drug packaging or drug brands
2. Leftover medications more than 2 weeks
3. Nonadherence
4. Having conditions or diseases requiring additional medica
5. Adverse drug reactions
6. Having an emergency requiring treatment at a hospital be
7. Lack of knowledge about the purpose, administration, and
8. The quantity of drugs received is not sufficient to cover ne
9. Having abnormal symptoms due to a lack of drugs
10 The patient did not receive the drug.
11. Incorrect use of specialized drug administration devices o
12. Experienced unexpected drug interactions with other dru
13. Patients do not understand the meaning of the printed m
14. Changes or errors in drug dosage (e.g., dispensing error, b

Abbreviations used: DRP, drug related problem.

1210
High prevalence DRPs individually predict all of the other DRPs;
univariate analysis

For each of these analyses, the association was tested be-
tween 1 DRP component and the composite DRP prevalence
excluding the 1 tested component. Only the 4 most prevalent
DRPs were tested. The prevalence of changes of drug pack-
aging or drug brands, leftover medications more than 2 weeks,
nonadherence, and ADRs were all associated with the rate of
all other DRPs (all P < 0.001, see Table 4).

Predictors for DRP: multivariate analysis

Probable DRP outcomes were predicted usingmultivariable
logistic regression. Statistically significant association were
with the number of drugs used per day (aOR 1.11 [95%CI 1.03-
1.19], P ¼ 0.004) and dyslipidemia (aOR 1.83 [95%CI 1.18-2.84],
P ¼ 0.007). Non-adherence was associated with leftover
medicines (aOR 4.22 [95%CI 2.44-7.28], P < 0.001), as shown in
Table 5.

Discussion

In this study, the prevalence of DRPs of home drug delivery
in rural Northern Thailand was 49.30%. The 5 most common
DRPs were changes of drug packaging or drug brands (18.84%),
leftover medications of more than 2 weeks (18.44%), non-
adherence (17.43%), having conditions or diseases requiring
additional medications (6.81%), and ADRs (5.21%). Further-
more, nonadherence was associated with a risk of leftover
medications.

Because our program was implemented in an emergency
situation, it was not possible to construct a randomized control
group, making interpretation difficult. A key question to ask is
n (%)

94 (18.84)
92 (18.44)
87 (17.43)

tions 34 (6.81)
26 (5.21)

fore next appointment date 25 (5.01)
storage of drugs 23 (4.61)
eds until next follow up 12 (2.40)

8 (1.60)
7 (1.40)

r techniques (e.g., inhalers, injected medications) 6 (1.20)
gs, food, or supplements 5 (1.00)
aterials included with drugs 4 (0.80)
rand change/shortage) 4 (0.80)



Table 4
Univariate analysis in 4 most prevalent DRPs predict all of the other DRPs

DRPs OR 95% CI P value

Changes of drug packaging or drug brands 2.31 1.43�3.76 0.0002
Leftover medications more than 2 weeks 3.86 2.34�6.42 < 0.001
Nonadherence 2.39 1.46�3.95 0.0002
Adverse drug reactions 3.61 1.41�10.33 0.0026

Abbreviations used: DRP, drug related problem; OR, odds ratio.

Effects of home drug delivery on DRPs during COVID-19
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whether a DRP prevalence of 49.30% is high or low? We
believe that this number represents a reduction and points to
the general success of the HDDP. Using data from our previous
paper, it was possible to compare a subgroup of our patients to
a similar group of patients treated at the same hospital
under traditional in-clinic drug dispensing conditions
(see Appendix 5).9 Although the sample size was small and the
data collected were not completely overlapping, the results
collected only 3 years apart are promising. When compared
with the previous data, patients in the HDDP exhibited lower
levels of nonadherence, had fewer conditions or diseases
requiring additional medications, fewer ADRs, and experi-
enced less lack of knowledge about the meaning of the labels
and stickers on their medications (Appendix 5). These findings
suggest that the drug-delivery programmay have resulted in a
reduction of DRPs.

Comparing specific DRP components, we find that there is
modest evidence for a reduction of DRPs in our study relative
to past literature. For example, a study by Garin et al35 found
that 12% of patients experienced ADRs, but in our sample, only
5% of patients had ADRs. Basheti et al36 found that 46.1% of
outpatients with chronic diseases had nonadherence, and
Chang et al6 estimated that the pooled prevalence of non-
adherence to medication was 60.6%. By contrast, in our study,
17.43% of patients experienced nonadherence. Wilmer7 found
that 20.2% of patients had conditions or diseases requiring
additional medication, but in our study, the corresponding
figure was only 6.81%.

Finally, in thinking about the prevalence of DRPs reported
here, it is important to note how inclusive our definition of
DRP was. Changes in drug packaging or brand was the most
commonly reported DRP in our sample, yet it is not included as
a DRP in most studies. If these DRPs are subtracted from our
results, then the DRP prevalence in our sample drops to 41.28%,
which is below most previous reports, further suggesting that
home delivery resulted in a drop in DRP prevalence.
Table 5
Multivariate analysis for predictors DRP

Factors Adjusted ORa 95% CI P value

Associated with DRPa (DRPs VS Non-DRPs)
Number of drugs used per day 1.11 1.03e1.19 0.004
Dyslipidemia 1.83 1.18e2.84 0.007

Associated with leftover medicineb (Leftover medicines VS Nonleftover
medicines)
Nonadherence 4.22 2.44e7.28 <0.001

Abbreviations used: DRP, drug related problems; OR, odds ratio.
a Adjusted factors: Age, Hypertension, Diabetes Mellitus, Dyslipidemia,

Chronic kidney disease, Polypharmacy, Education level, drug-delivery channel
b Adjusted factors: Drug-related problems (DRPs) identified in chronic

disease patient in Table 3, except Abnormalities due to the ineffectiveness of
the drug, The patient did not receive the drug, and Received drugs that
interact with drugs, food, or supplements.
Although DRP prevalence seemed relatively good in the
present sample, this is partially because of how sadly common
DRPs are. The most common DRP in this study was change of
drug packaging or drug brand. Drug packaging changes were
associated with an increase in all other DRPs (Table 4), sug-
gesting that packaging changes can lead to confusion that
precipitates other, more dangerous DRPs. Previous studies
have also shown that changes of drug packaging or drug
brands can lead to confusion and are related to low adherence
and adverse events.16,37 In the population studied here, the
main reason for packaging and brand changes was substitu-
tion of equivalent drugs necessitated by supply shortages. To
mitigate this problem, medical personnel must anticipate
shortages in order to plan for continuity whenever possible in
order to minimize patient impact.24 When continuity is not
possible, it is imperative that brand changes are marked with
pharmacist consultation and clear labeling. Specifically, we
suggest that brand changes be marked with stickers reading,
“Identical type and dose of drugs, but the brand was altered.”

The second most common DRP we observed was leftover
medications. Leftover medicine was associated with non-
adherence, which was similar to previous reports.32,34,38

Leftover medications can be caused by several factors,
including patients’ discontinuing their drug regimens, adverse
effects from drugs, errors of prescription, order or supply
problems, over-collection in the past, patients’ being left to
self-manage complex regimes, and changes in medical con-
dition.39,40 Leftover medication is a common problem, with as
many as 74% of outpatients reporting leftover medication.
Similar to our observations, it has been reported that antihy-
pertensive drugs represent the highest quantity and value of
drug waste, followed by antidiabetic agents.41 Unwanted and
unusedmedications accumulate in patients’ homes and lead to
unnecessary costs and harmful effects.29 Community aware-
ness programs and pharmacist collections of unwanted med-
ications could go a long way to alleviating this problem.39

The third most common DRP was nonadherence, which
itself can lead to other DRPs. Considering that we observed a
relatively low nonadherence prevalence (17.4%) than compa-
rable results in Thailand (42%-45%), home drug delivery may
already be a promising avenue for reduction of nonadherence
problems.8,9 It is likely that augmenting the drug-delivery
program with other aspects of telepharmacy (e.g., video and
text messaging with pharmacists) will reduce nonadherence
even further.24

Although the drug-delivery program described here was
born out of the exigency of the COVID-19 crisis, we believe that
it has been a positive forward step in the implementation of
telepharmacy. Telepharmacy is a health care service growing
in popularity. In previous studies, it was found that when
telepharmacy is used in health systems, it has been shown to
reduce overall costs and help patients access treatment more
1211
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conveniently.42e44 Telepharmacy increases satisfaction ratings
of both patients and health care providers, including phar-
macists, nurses, physicians, and pharmacy technicians.44,45

Telepharmacy can also help pharmacists monitor DRPs,
improve medication compliance, reduce the number of
medication errors, and decrease ADRs, costs, and treatment
failures.20,46 These gains are likely to be particularly large in
rural areas such as the region studied here. This is because
telepharmacy makes remote areas more reachable by health
professionals.42

Home drug delivery is a central service in many tele-
pharmacy programs, but it is generally not studied in isolation.
Programs that implement home drug delivery generally also
implement remote consultation services and patient moni-
toring, but the emergency of COVID-19 prohibited develop-
ment of these resources during the early days of the pandemic.
As a result, our study demonstrates that HDDP might reduce
DRPs, and patients had overwhelmingly positive views. This is
a particularly interesting result, considering that pharmacists
implementing telepharmacy initiatives in the United States
have often faced problems with loss of privacy and confiden-
tiality, low digital literacy skills among older patients, lack of
affordable and user-friendly platforms to support tele-
pharmacy, and a lack of policy to implement telepharmacy.19,47

Our study demonstrates that these challenges need not hinder
attempts to implement at least some part of a telepharmacy
program, as simply adding a home delivery optionmay already
improve outcomes alone. However, these effects may be lost
over a longer period, and the program reported here has now
been augmented with remote consultation and monitoring
services. Taken together, these results suggest that HDDP is an
improvement over traditional pharmacy practices, but our
survey also revealed challenges that can be addressed to
further improve telepharmacy practices.
Strengths

Strengths of the study were as follows. First, the current
COVID-19 situation created a rare opportunity to study the
effect of drug delivery on DRPs in isolation from other features
of telepharmacy. Second, primary care pharmacists are
familiar with their local patients, and this helped them act as
effective data collectors, obtaining accurate information.
Moreover, most participants were older, so the data collection
method we used was appropriate for our samples. Third, the
questions posed were assessed by 3 chief pharmacists in the
Provincial Health Office to ensure that they were applicable to
primary care pharmacy in Phayao, which was the setting of the
study.
Limitations

Our study had limitations. First, although well-powered to
make inferences about this region, our data are limited to the
rural developing region we studied. It is unclear how these
results might generalize to other areas. Therefore, multicenter
studies are needed to confirm our conclusions. Second, data on
over-the-counter medicines may be biased. For example, the
participants may not report their use of over-the-counter
medicines. This possibility may lead to an underestimation
of the level of DRPs in the participants and the number of
1212
products used. Third, the HDDP studied here did not specify
criteria for screening appropriate patients. Thus, patients may
have had more variable disease severity than in other studies,
which could have resulted in an increased prevalence of DRPs.
However, as this factor would have, if anything, biased our
results toward higher prevalence, it is all themore striking that
we observed a relatively low prevalence, and the results from
this study reflected the reality that occurs in the workflow of
drug delivery.

Future studies should make clear whether clinical out-
comes of implementing home drug delivery are not worse
than clinical outcomes under traditional conditions before
widespread adoption of this strategy. Furthermore, appro-
priate criteria for choosing patients should take into consid-
eration disease severity and other associated factors that
might cause DRPs. Although the HDDP effectively helped
Thailand navigate the pandemic and seems to improve patient
outcomes, delivery costs will likely prohibit its continuation.
However, if improvements in DRPs result in savings on future
patient care and better outcomes, then delivery costs may be
well worth it, and future research should examine long-term
financial costs and benefits of drug delivery.

Conclusion

Home drug delivery was implemented during the COVID-
19 emergency in rural Thailand, and the results were favor-
able. Patients were highly satisfied and said that they would
like to continue home delivery even after the COVID-19
emergency is over. DRP prevalence was no higher than un-
der normal conditions and may have been reduced. Future
telepharmacy practice programs should be implemented
involving home delivery of pharmaceuticals. DRP reduction
should be explicitly targeted through better labeling and more
clinician follow-up to address common problems.
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Appendix
Appendix 1. Flow of study population, sample size and data collection

Appendix 2
Drug-related problems (DRPs) definition from 5 DRPs Guidelines and expert panel.

Drug-related problems (DRPs) Expert
panel

ASHP Hepler &
Strand

PCNE Cipolle Westerlund

1. Changes of drug packaging or drug brands �
2. Leftover medications more than 2 weeks �
3. Non-adherence � �
4. Having conditions or diseases requiring additional medications � � �
5. Adverse drug reactions � � � � �
6. Having an emergency requiring treatment at a hospital before next appointment date �
7. Lack of knowledge about the purpose, administration and storage of drugs �
8. The quantity of drugs received is not sufficient to cover needs until next follow up �
9. Having abnormal symptoms due to a lack of drugs �
10 The patient did not receive the drug. � �
11. Incorrect use of specialized drug administration devices or techniques (e.g. inhalers,

injected medications)
� � � � �

12. Experienced unexpected drug interactions with other drugs, food or supplements � � � � �
13. Patients do not understand the meaning of the printed materials included with drugs � �
14. Changes or errors in drug dosage (e.g. dispensing error, brand change/shortage) � � � � �
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Appendix 3
Baseline chronic disease in this study

Chronic disease in this study N (%)

1 Diabetes 166
2 Hypertension 335
3 Chronic kidney disease 93
4 Dyslipidemia 121
5 Depression 9
6 Asthma 43
7 Rhinitis 1
8 Psychiatrics 38
9 gout 30
10 cataract 4
11 COPD 32
12 HIV infection 3
13 Hepatitis 3
14 Scleroderma 1
15 Rheumatoid Arthritis 4
16 Glaucoma 3
17 Benign Prostatic Hyperplasia 9

Appendix 4
Drug-related problems identified in chronic disease patients (N total¼ 427 DRPs) and univariate analysis in DRPs predict all of the other DRPs ( DRPs VS Non-DRPs )

Drug-related problems (DRPs) n (%) Odds ratio 95%CI P-value

1. Changes of drug packaging or drug brands 94 (18.84) 2.31 1.43-3.76 0.0002
2. Leftover medications more than 2 weeks 92 (18.44) 3.86 2.34-6.42 < 0.001
3. Non-adherence 87 (17.43) 2.39 1.46-3.95 0.0002
4. Having conditions or diseases requiring additional medications 34 (6.81) 0.83 0.69-1.01 0.058
5. Adverse drug reactions 26 (5.21) 3.61 1.41-10.33 0.0026
6. Having an emergency requiring treatment at a hospital before next

appointment date
25 (5.01) 0.87 0.72- 1.04 0.142

7. Lack of knowledge about the purpose, administration and storage of
drugs

23 (4.61) 0.88 0.73- 1.05 0.169

8. The quantity of drugs received is not sufficient to cover needs until next
follow up

12 (2.40) 0.92 0.77- 1.10 0.389

9. Having abnormal symptoms due to a lack of drugs 8 (1.60) 0.94 0.78-1.12 0.499
10 The patient did not receive the drug. 7 (1.40) 0.94 0.79 - 1.12 0.528
11. Incorrect use of specialized drug administration devices or techniques

(e.g. inhalers, injected medications)
6 (1.20) 0.94 0.79- 1.13 0.558

12. Experienced unexpected drug interactions with other drugs, food or
supplements

5 (1.00) 0.95 0.79- 1.13 0.589

13. Patients do not understand the meaning of the printed materials
included with drugs

4 (0.80) 0.95 0.81-1.14 0.621

14. Changes or errors in drug dosage (e.g. dispensing error, brand change/
shortage)

4 (0.80) 0.95 0.80- 1.14 0.621
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Appendix 5
Subgroup analysis DRPs in Chiangkham district

Drug-related problems (DRPs) Total DRP
(In this study)
N (%)

Chiangkham district
(In this study)
N¼123

Chiangkham district1

(3 years apart)
N¼95

Non-adherence 87 (17.43) 35 (28.46) 50 (52.62)
Having conditions or diseases requiring additional medications 34 (6.81) 4 (3.25) 3 (3.15)
Adverse drug reactions 26 (5.21) 11 (8.94) 14 (14.73)
Lack of knowledge about the purpose, administration, and storage of drugs 23 (4.61) 18 (14.63) 85 (89.47)
Patients do not understand the meaning of the printed materials included with drugs 4 (0.80) 4 (3.25) 51 (53.68)

N. Chaomuang et al. / Journal of the American Pharmacists Association 62 (2022) 1206e1213

SCIENCE AND PRACTICE

1213.e3


	Effects of home drug delivery on drug-related problems: preliminary evidence for improved patient outcomes during the COVID ...
	Introduction
	Methods
	Study design and setting

	Background
	Findings
	Study population and study size
	Data collection
	Questionnaire development
	Definition of DRPs, nonadherence, polypharmacy, and leftover medicine
	Primary and secondary outcomes of interest
	Statistical analysis

	Results
	Baseline characteristics
	Association between DRP and patients’ characteristics; univariate analysis
	High prevalence DRPs individually predict all of the other DRPs; univariate analysis
	Predictors for DRP: multivariate analysis

	Discussion
	Strengths

	Limitations
	Conclusion
	Acknowledgments
	References
	Appendix


