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Abstract

Purpose: This study assessed the incidence and types of medication errors, interventions and outcomes in patients on
antiretroviral therapy (ART) in selected HIV treatment centres in Nigeria.

Methods: Of 69 health facilities that had program for active screening of medication errors, 14 were randomly selected for
prospective cohort assessment. All patients who filled/refilled their antiretroviral medications between February 2009 and
March 2011 were screened for medication errors using study-specific pharmaceutical care daily worksheet (PCDW). All
potential or actual medication errors identified, interventions provided and the outcomes were documented in the PCDW.
Interventions included pharmaceutical care in HIV training for pharmacists amongst others. Chi-square was used for
inferential statistics and P,0.05 indicated statistical significance.

Results: Of 6,882 participants, 67.0% were female and 93.5% were aged $15years old. The participants had 110,070
medications filling/refilling visits, average (6SD) of 16.0 (60.3) visits per patient over the observation period. Patients were
followed up for 9172.5 person-years. The number of drug items dispensed to participants was 305,584, average of 2.8 (60.1)
drug items per patient. The incidence rate of medication errors was 40.5 per 100 person-years. The occurrence of
medication errors was not associated with participants’ sex and age (P.0.05). The major medications errors identified were
26.4% incorrect ART regimens prescribed; 19.8% potential drug-drug interaction or contraindication present; and 16.6%
duration and/or frequency of medication inappropriate. Interventions provided included 67.1% cases of prescriber
contacted to clarify/resolve errors and 14.7% cases of patient counselling and education; 97.4% of potential/actual
medication error(s) were resolved.

Conclusion: The incidence rate of medication errors was somewhat high; and majority of identified errors were related to
prescription of incorrect ART regimens and potential drug-drug interactions; the prescriber was contacted and the errors
were resolved in majority of cases. Active screening for medication errors is feasible in resource-limited settings following a
capacity building intervention.
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Introduction

A medication error is defined "as any preventable event that

may cause or lead to inappropriate medication use or patient harm

while the medication is in the control of the health care

professional, patient, or consumer [1]. Such events may be related

to professional practice, health care products, procedures, and

systems, including prescribing, order communication, product

labelling, packaging, and nomenclature, compounding, dispens-

ing, distribution, administration, education, monitoring and use"

[1]. Medication errors are often times a concern in chronically ill

patients most likely because of the increased likelihood for poly-

pharmacy and longer durations of therapy [2,3,4]. In patients

infected with Human Immunodeficiency Virus (HIV), the risk of a

medication error occurring is higher as patients continue the

lifelong antiretroviral therapy (ART). These patients may also

require treatment for co-morbidities like diabetes, renal and

cardiovascular diseases which further increase this risk [5].

Some medication errors that are most frequently occurring in

an HIV/AIDS clinic setting include non-recommended drug-drug
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combinations, incorrect dosing schedules and incorrect dosages

[6,7]. These challenges with medication use might result from the

prescriber, the pharmacist or the patient and may tend to be more

in HIV clinic settings with high patient burden and with limited

HIV specialist care [7,8,9]. In both urban and rural settings in

communities within Nigeria, this is often times the typical scenario.

The HIV burden is high in several communities and health

facilities are ill equipped with the specialist health workforce to

cope with the rising number of patients attending clinics and

taking antiretroviral medications [10,11]. Opportunities for

medication reconciliation to prevent medication errors are very

few and almost non-existent in these clinics as patient to clinician

or patient to pharmacist contact times are very short or even

sometimes almost unavailable.

There is limited information on the incidence and types of

medication errors as well as the interventions provided in clinics

providing HIV care and treatment in Nigeria. This study seeks to

elucidate the incidence and types of medication errors, the

interventions and outcomes of medication errors in patients

receiving antiretroviral therapy in selected hospitals in Nigeria.

Methods

Study design
The study was a prospective cohort assessment of patients

receiving antiretroviral therapy (ART) between February 2009

and March 2011 in outpatient pharmacy. The patients were

screened for medication errors based on the provisions of the

national HIV care and treatment guideline [12].

Setting
The study was conducted in 14 secondary public hospitals

providing free antiretroviral therapy to patients who were eligible

to commence treatment based on the national HIV care and

treatment guideline [12]. The comprehensive HIV care and

treatment programme in these health facilities was implemented

by Global HIV/AIDS Initiative Nigeria (GHAIN) project with

funding support from President Emergency Plan for AIDS Relief

(PEPFAR) through United States Agency for International

Development (USAID). All patients who tested positive for HIV

were assessed for ART eligibility and only those who were eligible

based on the national HIV care and treatment guideline [12] were

commenced on ART. All ART-ineligible patients were enrolled

into pre-ART register and were provided pre-ART care in

accordance with the provisions of the national HIV care and

treatment guideline [12]. All ART patients who came to the

pharmacy for filling/refilling of their antiretroviral medications

were routinely screened for medication errors using pharmaceu-

tical care daily worksheet (PCDW). All potential or actual

medication errors identified and the interventions provided

towards resolving them were documented in the PCDW.

Selection criteria
All patients who started antiretroviral therapy, filled/refilled

their medications and were screened for medication errors

between February 2009 and March 2011 were eligible to be

included in the study. All GHAIN-supported health facilities that

had pharmaceutical care directed active screening for drug

therapy problems and had documentation of medication errors

identified and the interventions provided were eligible to be

included. Patients and health facilities that did not meet these

criteria were not included.

Population/Sample
Out of the 69 GHAIN-supported health facilities that had

pharmaceutical care directed active screening for drug therapy

problems, 14 of them were selected using simple random sampling

techniques. All patients who started antiretroviral therapy and

filled/refilled their medications between February 2009 and

March 2011 were selected for the study.

Interventions
The study interventions included training of pharmacists on

pharmaceutical care in HIV followed by a hands-on pharmacy

best practices training. The training was aimed at improving their

knowledge and skills to identify and resolve medication errors in

HIV treatment setting based on the provisions of the national HIV

treatment guidelines [12]. The pharmaceutical care daily work-

sheet (PCDW) was designed and deployed to the health facilities

for active screening of patients receiving antiretroviral drugs for

medication errors and suspected adverse drug reactions at each

medication fill/refill visits. Monthly technical assistance was

provided (as necessary) to the pharmacists in the health facilities

by a team of monitoring and evaluation pharmacists from Howard

University Pharmacists And Continuing Education (HU PACE)

Center, a core partner in the GHAIN project. No monetary

incentive was provided to the health workers involved in the

program. Other health providers (medical doctors, pharmacists

and nurses) were also trained on the use of antiretroviral drugs for

HIV prevention and treatment based on the provisions of the

national HIV treatment guidelines [12].

Outcomes variables
The occurrence of medication errors disaggregated by type

during the study period was the main outcome variable. This

variable was defined as any preventable event that may cause or

lead to inappropriate medication use or patient harm while the

medication is in the control of the health care professional, patient,

or consumer.

Ethical consideration
The ethical approval for this study was obtained from National

Health Research Ethics Committee (NHREC) Abuja, Nigeria.

Informed consent was obtained from the patients and their

identifiers were excluded during the data analysis to maintain

confidentiality.

Data collection
A study-specific pharmaceutical care daily worksheet (PCDW)

was used for active screening of patients for medication errors at

each medication filling/refilling visits. PCDW included sections on

patients’ demographics, ART regimens, and list of potential/

actual medication errors, interventions and outcomes. It also

included section for documentation of suspected adverse drug

reactions in these patients. Patients refill their antiretroviral

medications on bimonthly basis and they are screened for

medication error(s) at each visit. All medication errors identified

during the screening, the interventions provided and the outcomes

of such interventions were routinely documented in the PCDW by

the pharmacist. The data on the number of ART patients served

in the pharmacy were obtained from the PCDW and was

validated with the pharmacy daily worksheet. The pharmacy daily

worksheet is a national register for documentation of the quantities

of all drugs dispensed to patients. This register also has sections on

patients’ demographics.

Incidence of Medication Errors in ART Patients
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Data analysis
PASW statisticsH version 18 was used for data analysis.

Descriptive statistics which included frequency distribution of

key items was conducted. Bivariate analysis was conducted to

describe the relationship between variables (age and gender). The

person-time (years) at risk during the follow up period was

calculated as ‘‘the sum of each individual’s time at risk (i.e. sum of

the length of time they were followed up in the study)’’. The

incidence rate of medication errors was calculated as ‘‘the number

of ART patients reporting events (medication errors) between

February 2009 and March 2011 divided by the amount of person-

time at risk during the follow up period (between February 2009

and March 2011). Patients who were noted as having transferred

out, dead, loss to follow up or stopped treatment or contributed to

the analysis if they had reported medication error(s) before been

declared no longer a patient of the health facility. The incidence

rate of medication errors was expressed as the number of patients

with at least one occurrence of the event (medication error) per

100 person-years. The percentage of patients who had medication

error(s) and were provided interventions during the observation

period was calculated as ‘‘the number of patients who were

provided medication error(s) interventions during the observation

period divided by the number of patients who were documented to

have medication error(s) during the observation period x 100’’.

The number of drug items dispensed was calculated as the sum of

all drug items dispensed to the patients in the pharmacy order

form (prescription sheet). Chi-square statistic was used to test the

association between reported medication errors and key variables

Table 1. Socio-demographic characteristics of study
participants; N = 6,882.

Characteristics Frequency Percentage (%)

Sex

Male 2,270 33.0

Female 4,612 67.0

Age (years)

,15 446 6.5

$15 6,436 93.5

doi:10.1371/journal.pone.0087338.t001

Table 2. Medication errors monitoring indicators disaggregated by age and sex of the patients; values in parenthesis are
percentages.

Indicators Sex Frequency (%) Total, N (%)

,15 Years $15 Years

Number of patients’ visit to the pharmacy for medication
pick-up during the observation period.

Male 5410 (4.9) 31819 (28.9) 37229 (33.8)

Female 5428 (4.9) 67413 (61.2) 72841 (66.2)

Total 10838 (9.8) 99232 (90.2) 110070 (100.0)

Number of patients who visited the pharmacy
for medication pick-up and were screened for
medication error during the observation period*

Male 5410 (4.9) 31819 (28.9) 37229 (33.8)

Female 5428 (4.9) 67413 (61.2) 72841 (66.2)

Total 10838 (9.8) 99232 (90.2) 110070 (100.0)

Number of patients who were screened and documented to
have medication error(s) during the observation period.

Male 129 (3.5) 1137 (30.6) 1266 (34.1)

Female 117 (3.1) 2332 (62.8) 2449 (65.9)

Total 246 (6.6) 3469 (93.4) 3715 (100.0)

Number of patients who were provided medication error(s)
interventions during the observation period.

Male 76 (2.1) 1133 (31.8) 1209 (33.9)

Female 77 (2.2) 2278 (63.9) 2355 (66.1)

Total 153 (4.3) 3411 (95.7) 3564 (100.0)

Indicators Sex Percentage Total (%)

,15 Years $15 Years

Percentage of patients who had medication error(s) and
were provided interventions during the observation period.

Male 58.9 99.6 95.5

Female 65.8 97.7 96.2

Total 62.2 98.3 95.9

Indicators Sex Incidence rate (per 100 person-years)

,15 Years $15 Years Total

Incidence rates of medication errors per 100 person-
years disaggregated by age and sex.

Male 28.6 42.9 40.8

Female 25.9 41.5 40.3

Total 27.2 42.0 40.5

*Some patients had repeated screening for medication error at every medication refill visits.
doi:10.1371/journal.pone.0087338.t002
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(age and sex). All reported P values were 2 - tailed and P, 0.05

indicated statistical significance.

Results

Of the 6,882 patients receiving antiretroviral medicines in the

study sites during the observation period, 67.0% were female and

93.5% were aged $15 years old (Table 1). Patients were followed

up for 9172.5 person-years. These patients had 110,070 medica-

tions filling/refilling visits, an average (6SD) of 16.0 (60.3) visits

per patient over the observation period. The number of drug items

dispensed to the patients during these visits was 305,584; an

average of 2.8 (60.1) drug items per patient giving indication of

the extent of polypharmacy or concomitant medicines use. All

patients received different antiretroviral therapy regimens as

recommended in the Nigerian national treatment guidelines

[12]; however, the patterns of regimens use were not tracked for

analysis in this study.

All patients who filled/refilled their medication in the pharmacy

during the observation period were screened for medication errors.

Of these participants, 65.9% of females and 93.4% of those aged

$15 years old had medication errors. Of the participants who had

medication errors, 98.3% of patients aged $15 years old received

interventions for the medication errors compared to 62.2% for

those aged ,15 years old. The overall incidence rate of

medication errors in the HIV treatment setting was 40.5 per

100 person-years (Table 2). The incidence rate of medication error

among patients aged $15 years was greater than that for patients

aged ,15 years (Table 2); and the difference was not statistically

significant (P = 0.281). The occurrence of medication errors was

not associated with sex (P = 0.094).

The major medications errors identified were 26.4% incorrect

antiretroviral drugs combinations/regimens prescribed; 19.8%

possible drug-drug interaction or contraindication present; and

16.6% duration and/or frequency of medication inappropriate

(Table 3). The interventions provided by the pharmacists included

67.1% cases of prescriber or other health workers contacted to

clarify or resolve the errors; and in 14.7% of cases patient

counselling and education were provided. The potential/actual

medication error(s) were resolved in 97.4% of the cases (Table 3).

Discussion

The incidence rate of medication errors in this setting was high

following the active screening program. This is somewhat

consistent with the expectations from previous research findings

[2–5]. In HIV treatment setting, there is increased likelihood for

polypharmacy, durations of therapy is life-long, and there may be

high patient burden and inadequate trained health workforce.

These factors may increase the risk of occurrence of medication

errors [2–5,7–9]. The incidence rate of medication errors was

higher among patients aged $15years old compared to those aged

, 15 years; however the difference was not statistically significant.

This is consistent with the age distribution of the participants as

majority (over 90%) was aged $15years old. Despite the training

of health workers (doctors, pharmacists and nurses) on the use of

antiretroviral drugs for HIV prevention and treatment based on

the provisions of the national HIV treatment guidelines [12], the

incidence rate of medication errors in this setting was high. The

high detection rate of medication errors may be attributed to the

training intervention provided to the pharmacists, and that may

have improved their knowledge and skills to identify and resolve

medication errors in HIV treatment setting.

Table 3. Distribution of medication errors identified, interventions taken and the outcomes in patients receiving antiretroviral
therapy (ART); N = 3715*.

Medication errors identified Frequency Percentage

Antiretroviral therapy (ART) ineligible client commencing ART 131 3.4

Incorrect dose (Low dose or high dose) prescribed 307 7.9

Incorrect antiretroviral drugs combinations/regimens prescribed 1028 26.4

No drug for the medical problem 318 8.2

No valid indication for the drug 229 5.9

Possible drug-drug interaction or contraindication present 772 19.8

Prescription order with incomplete prescriber/client details 463 11.9

Duration and/or frequency of medication inappropriate 647 16.6

Total 3895 100.0

Medication error(s) interventions provided

Prescriber or other health workers contacted to clarify/resolve error(s) 2653 67.1

Drug therapy initiated/changed by prescriber 464 11.7

Pharmacist did not dispense medication 258 6.5

Patient counselling and education provided 580 14.7

Total 3955 100.0

Outcomes of medication error(s) interventions

Potential/actual medication error(s) resolved 3208 97.4

Potential/actual medication error(s) NOT resolved 84 2.6

Total 3292 100.0

*Some patients had $ 1 medication errors; some medication errors required $ 1 interventions; and outcomes of all interventions were not indicated.
doi:10.1371/journal.pone.0087338.t003
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The major medications errors identified were related to

prescription of incorrect ART regimens, potential drug-drug

interaction or contraindication and inappropriate duration and/or

frequency of medication. This is consistent with previous research

findings [6,7]. Antiretroviral therapy requires the use of triple

combination of antiretroviral drugs (ARVs) as recommended by

the Nigerian national treatment guidelines [12]. Drug interactions

may occur due to inappropriate combination of ARVs or use of

concomitant medicines in cases of co-morbidities. These drug

combinations need to be carefully selected to ensure patient safety

and rational use of these medicines. Only patients who are eligible

as recommended by the treatment guidelines [12] are commenced

on life-long ART. The antiretroviral drugs regimens are also used

for post-exposure prophylaxis and the prevention of mother-to-

child transmission of HIV. For the purpose of prophylaxis, ARVs

are given for a specified duration as recommended by the

treatment guideline [12]. The cases of inappropriate duration of

medication may be related to patients receiving ARVs for

prophylaxis; and whereas inappropriate frequency of dosing may

be related to patients on either life-long ART or those receiving

prophylaxis.

Almost all participants who had medication error(s) were

provided one kind of pharmacist’s intervention or the other; and

these interventions included mainly the contacting of the

prescriber for clarification or resolution of errors.

The knowledge of incidence rate and the types of medication

errors identified among HIV-infected patients receiving antiretro-

viral drugs will be very useful when planning and designing

targeted interventions aimed at improving the quality of health

care systems in resource-limited settings. The study demonstrated

that active screening for medication errors is feasible in resource-

limited settings following a capacity building intervention.

However, inadequate pharmacy personnel and high patient load

were the major limitations to achieving active screening for

medication errors, thus some medication errors in patients may

have been missed. The study reported medication errors identified

by pharmacist, thus it is likely that dispensing errors committed by

the pharmacists may be underestimated while the errors resulting

from the activities of the patients and prescribers may be

overestimated. This may bias the overall measure of effects in

this study. Other potential limitations of this study include lack of

inclusion of all treatment sites due to lack of medication errors

screening programs uniformly, and potential for pharmacists not

to report some medication errors due to fear of severing the

interpersonal relationship with other health workers or other

unknown concerns. These factors may overestimate or underes-

timate the study findings.

Conclusion

The incidence rate of medication errors was somewhat high;

and majority of identified errors were related to prescription of

incorrect ART regimens and potential drug-drug interactions; the

prescriber was contacted and the errors were resolved in majority

of cases. The study demonstrated that active screening for

medication errors is feasible in resource-limited settings following

a capacity building intervention.
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