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AIMS
Understanding how much healthcare professionals (HCPs) know about medication can help in devising strategies to improve
rational medication use. This study aimed to synthesize information on the level of medication knowledge of HCPs in Africa.

METHOD
We performed a systematic literature study in Embase and PubMed. We included original studies quantifying HCPs’ medication
knowledge, published between 2012 and 2016. We extracted disease focus, country, number and type of HCPs included and all
medication-related knowledge questions and scored the quality of papers. The outcome measure was the percentage of HCPs
who correctly answered medication knowledge questions.

RESULTS
We identified 64 studies from 12 African countries, comprising 13 911 HCPs, mostly nurses/midwifes and physicians. We ex-
tracted 306 medication-related knowledge questions, and only 52% (SD 28) of HCPs correctly answered them. Knowledge
questions were mainly about medication prescribed for communicable diseases (70%), followed by non-communicable diseases
(11%), and family planning/gynaecology (10%). Most papers concluded that there was a considerable medication knowledge
gap among HCPs.

CONCLUSION
We found a low level of medication knowledge across different disease areas, countries and HCPs. This underlines the continuous
need to strengthen the undergraduate and postgraduate education in (clinical) pharmacology and therapeutics in Africa.
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Introduction
Medication knowledge encompasses the understanding of
(clinical) pharmacology and therapeutics and the skills to
apply that knowledge in daily practice [1–3]. According to
the European Association of Clinical Pharmacology and
Therapeutics, the basic elements are ‘sufficient knowledge
of commonly prescribed medications, the ability to ade-
quately treat the most common diseases, a rational approach
tomedication selection, and the ability to write a prescription
safely and unambiguously’ [4]. In a conceptual framework
model for knowledge, attitude and practice [5], rational pre-
scribing is determined by attitude to apply specific medica-
tion knowledge to a clinical situation and the healthcare
professional’s prescribing skills. An adequate level of knowl-
edge is the starting point for rational medication use. There
is, however, no universally accepted level of medication
knowledge physicians and other healthcare professionals
responsible for prescribing, dispensing and administering
medication need to have. In Norway, Simonsen et al. used a
60% of correct answers as the passmark for nurses with regard
to medication knowledge [3, 6], and a higher threshold
(80–90%) was used in a study that involved final year medical
students from 15 European countries [4].

In Africa, there is a strong need for appropriate and effi-
cient use of scarcely available medicines; over 50% of the
population in the region does not have access to essential
medicines [7, 8]. Healthcare professionals (HCPs) are the
principal source of information for patients. Other sources
of information (patient information leaflet, drug information
centres and internet) are much less accessible or affordable,
and many patients are illiterate [7, 9]. The medication knowl-
edge source for HCPs in Africa is mainly through (clinical)
pharmacology courses during their under- and postgraduate
training. Often a single course is given to non-pharmacy pro-
fessionals, and delivered before the start of major professional
courses. This situation emphasizes an important need for
good medication knowledge of HCPs in Africa, but also the
need for rational prescribing skills and attitudes. Understand-
ing the level of medication knowledge can help to identify
gaps and serve as the basis for focused knowledge improve-
ment plans by policy makers and training institutes. Studies
on medication knowledge in Africa are mostly limited in size
and the scope of papers is usually on overall disease manage-
ment not just medication [8, 10–12]. However, many studies
seem to indicate that there is a lack of medication knowledge
among HCPs. We performed a systematic literature review to
provide a comprehensive overview of the level of medication
knowledge amongHCPs in Africa and to identify specific gaps
in medication knowledge. We explored medication knowl-
edge across subgroups of special interest, such as HCP special-
ism, and disease group.

Method

Search strategy
Following the PRISMA guidelines [13], we performed a sys-
tematic literature search in Embase and PubMed that collec-
tively cover a wide range of journals covering the relevant

literature. Search terms were grouped into four queries, using
the Boolean operators, ‘or’ [within a query], ‘and’ [between
the four main queries]; Africa with list of countries, type
of HCPs, knowledge andmedication terms (Table S1). Studies
published in a five-year time span from January 1, 2012
to December 31, 2016 were included to capture studies
reflecting the current level of HCPs’ medication knowledge.
Studies were included without language restrictions.

Eligibility criteria
We included original research articles that evaluated HCPs’
medication knowledge using a quantitative survey/score
in Africa. Medication knowledge was defined as outlined
in the introduction [1–3]. We excluded reviews, opinion
pieces, letter to editors, conference abstracts and commentar-
ies. We also excluded papers on traditional medicine and
substance abuse.

Study selection and data extraction
Embase and PubMed search results were combined and dupli-
cates removed. Titles were independently screened by D.F.B.
and P.G.M. and all potentially relevant papers were selected
for abstract review. These abstracts were screened by D.F.B.
and double-checked by P.G.M. Full text screening was per-
formed by D.F.B. and P.G.M. D.F.B. abstracted data using a
customized electronic case report form. P.G.M. indepen-
dently cross-checked the abstraction. Any differences in arti-
cle screening, selection and data abstraction (specifically
also in the identification of medication-related knowledge
questions) were resolved in consensus between P.M., D.F.B.
and, where needed. K.T. From each article, we extracted the
following study characteristics: type (profession) of HCPs,
sample size, country where the study was performed, the
main disease focus, if the questions focused on benefits
and/or harms of medications, and finally we assessed the
quality of the included papers. Differences were resolved by
consensus (D.F.B., P.G.M., K.T.).

We included HCPs who have had formal professional train-
ing in any healthcare field, and classified them into physicians,
pharmacists, nurses/midwifes, and ‘other HCPs’. The ‘other
HCPs’ group consisted of druggists/pharmacy technicians,
nurse assistants/vocational nurses, or physiotherapists. For
studies that also involved patients or non-HCPs, such as
community healthcare workers, we extracted medication
knowledge only for the HCPs. Based on the medication knowl-
edge questions, papers were classified into four main disease
categories, namely communicable diseases (CDs), non-
communicable diseases (NCDs), family planning or
gynaecological indications (FP/Gyn), or ‘no specific disease fo-
cus’. Papers in the group ‘no specific disease focus’ included
studies on knowledge of, for example, dose calculation and pre-
scribing errors. We excluded, however, knowledge questions re-
lated to the healthcare system; such as whether the HCP knew
how to report adverse drug reactions. We excluded vaguely pre-
sented knowledge questions with terms like ‘heard of’, as hear-
ing about medication does not suggest knowledge was retained,
but suggests a passive recall of knowledge. Attitude questions
like ‘how much do you agree that medicine X is safe’ were also
excluded. We classified medication knowledge questions as
testing knowledge about medication benefits, harms, both or
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on basic medication-knowledge issues (See Supporting
information Table S2). Examples are knowledge on indications
of emergency contraceptives (medication benefit),
knowledge/awareness of safe period for artemether-
lumefantrine use during pregnancy (medication harm),
knowledge on the correct dose of specific medication (both
medication benefit and harm), knowledge of different types of
emergency contraceptive (basic medication knowledge).

We also extracted an excerpt of the conclusion and
recommendations provided by the authors themselves.

Assessment of the quality of the included
studies
We developed and pretested a nine-item tool to score the
quality of the studies (See Supporting information Table S3).
The tool contained items on representativeness of the HCP
population included in the studies (sampling method, sam-
ple size, response rate and demographics), the methods used
to test the HCPs’medication knowledge (clarity of the knowl-
edge questions, definition of appropriate answers and valida-
tion of knowledge questionnaires) and finally on the
presentation of results (descriptive statistics and missing
data). This score was based on a modified version of the
STROBE checklist [14]. The sum score of all nine items was
set at 10 with a maximum score of two for one item and one
point for all others. We grouped the quality into low (0 to
5), medium (>5 to 8) and high (>8) scores. These cut off
values are arbitrary but commonly used limits in different
scoring issues.

Outcome measure
Medication knowledge questions were extracted from each
study. We computed the ‘knowledge score’ by dividing the
sum of HCPs with a correct answer by all HCPs who com-
pleted the question. This was defined as

Knowledge score per questionð Þ
¼ ∑HCPs with correct answer to the question

∑HCPs who completed the question
�100%

We followed the definitions for a correct answer as indicated
in the papers and/or cited references. We dichotomized all
answers into correct or incorrect answers. If papers used a di-
chotomous answer (correct/incorrect, yes/no), this meant we
could use the knowledge score as reported in the paper. In
studies, where the numbers of respondents with a wrong an-
swer were presented, we calculated the number of respon-
dents with a correct answer. If answers to questions were
presented on a three or more point Likert scale (e.g. low,
medium or high knowledge score), we dichotomized these
answers by grouping medium and high scores as correct
answers. Finally, if respondents had to choose between
multiple answers and there could be more than one correct
answer, each answer was counted separately. In intervention
studies with several measurement points, e.g. a pre- and
post-training score, we extracted the pre-intervention score.
In randomized controlled trials (RCT), we used the pre-
intervention medication knowledge score of the control
group. We assumed the pre-intervention or control group re-
flects daily practice.

Statistical analysis
This study focused on evidence synthesis on HCPs’ medica-
tion knowledge in Africa. The questions within and between
papers were very heterogeneous in terms of answer categories
(see above) and complexity. We therefore used descriptive
statistics to explore knowledge across extracted study charac-
teristics (Table 1). We hypothesized that medication knowl-
edge may be determined by the disease focus and type
(profession) of HCPs due to differences attached to relevance
of drugs in a particular field of medicine. Additionally, we
considered that sample size and quality of the study may
affect the trust in study results. Finally, we considered that
emphasis in treatment is placed on efficacy not safety and
thus this could affect medication knowledge on harms caused
by drugs.

Results

Study characteristics
Of 2379 potentially relevant publications, 64 papers met our
inclusion criteria, based on respectively screening of the title
(n = 2379), abstract (n = 447) and full text (n = 185) (Figure 1).
Three papers identified for full-text screening had to be
excluded as we could not get hold of these papers even after
repeated attempts to reach the authors. Overall, 13 911 HCPs
– ranging from 16 to 2386 (median 176) HCPs per paper –

answered a total of 306 medication-related knowledge ques-
tions. In total, 5011 nurses/midwifes, 4892 physicians, 1455
pharmacists and 1721 other HCPs were included in respec-
tively 37 (58%), 38 (59%), 20 (31%) and 26 (41%) papers.
Three papers mentioned the type of HCPs, but did not pro-
vide group specific numbers and two papers did not specify
the type of HCPs involved in the study. The studies have been
performed in 12 African countries, but 75% originated from
four countries: Nigeria (n = 29 papers), Tanzania (n = 9),
Kenya (n = 6) and Cameroon (n = 4) (Tables 1 and 2).

Most knowledge questions (n = 215; 70%, 45 papers) were
on communicable diseases, followed by 33 (11%, eight pa-
pers) questions on non-communicable diseases, 31 (10%, five
papers) questions on family planning and gynaecology, and
27 (10%, 6 papers) questions with no specific disease focus.
The majority (n = 116; 38%) of knowledge questions were
on medication benefit, the remainder of the questions
were equally on medication harm (20%), both benefit and
harm (24%), or related to basic medication knowledge
(19%) (see Table 1).

Study quality
All but three of the studies were descriptive cross-sectional
surveys. Two studies assessed the impact of training or a
workshop and had pre- and post-intervention knowledge
scores [15, 16] and one study was a randomized controlled
trial [17].

The mean quality score of the papers was 7.5 (SD 1.8,
range 3–10). The included papers scored poorly with regard
to sample size calculation (item 1), sampling methods (item 2)
and tool validation (item 7 of our quality score tool). In all
papers, information was collected via interviews or self-
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administered questionnaires. Two papers [18, 19] used mystery
client surveys, in addition to interviews. In most papers
(n = 53), questionnaires were newly developed by the authors,
of which four followed a ‘formal’ validation procedure, 28 con-
ducted only a pre-test, and 21 papers did not explain if or how
the questionnaire was validated. The remaining 11 papers
adapted a tool previously used by others; five used an adapted
tool and sixmade somemodifications (Table 2).Most papers de-
fined how the medication knowledge score was measured (item
5, n = 60) (see Table 3).

Medication knowledge questions and scores
Overall, 306 medication-related knowledge questions were
identified; a median of four (range 13 and interquartile range

6) questions per paper. Fifty-two percent (SD 28) of HCPs
answered the 306 questions correctly. Physicians answered
a mean of 56% (SD 31) out of 107 questions correctly,
nurses/midwifes 55% (SD 32) out of 89 questions, pharma-
cists 49% (SD 31) out of 55 questions, and other HCPs 52%
(SD 35) out of 39 questions (Table 1).

The highest proportion of correct answers (68%, SD 23)
was reported in South African studies and the lowest in
Zimbabwean studies with (37%, SD 7) correct answers; more
detailed results are presented below and in Table 2.

The highest knowledge scores were observed for questions
on basic medication knowledge (59%, SD 27) and questions
on both benefit-harm issues (59%, SD 27), which were higher
than questions on benefits (49%, SD 28) and harm (41%,
SD 27) only.

Table 1
Knowledge score per question and sub group

Paper, n (%) Question, n (%) Knowledge score, mean (SD)a

Overall 64 (100) 306 (100) 52 (28)

Type of HCPsb

Physicians (n = 4892) 38 (59) 107 (35) 56 (31)

Nurses/Midwife (n = 5011) 37 (58) 89 (29) 55 (32)

Pharmacists (n = 1455) 20 (31) 55 (18) 49 (31)

Other HCPs (n = 1721) 26 (41) 39 (13) 53 (32)

Sample size in papers (tertiles)c

≤ 120 26 (41) 127 (42) 58 (29)

121–253 19 (30) 82 (27) 43 (27)

≥ 254 19 (30) 97 (32) 51 (27)

Medication for

Communicable disease 45 (70) 215 (70) 54 (27)

Non-communicable diseases 8 (13) 33 (11) 47 (29)

Family planning/gynaecology 5 (8) 31 (10) 44 (28)

No specific disease focus 6 (9) 27 (9) 50 (30)

Question type

Benefit 116 (38) 49 (28)

Harm 60 (20) 41 (27)

Both (benefit-harm) 73 (24) 59 (27)

Basic medication issues 57 (19) 59 (27)

Quality score

Low (0 to 5) 8 (13) 27 (9) 60 (28)

Medium (>5 to 8) 30 (48) 145(47) 47 (28)

High (>8 to 10) 26 (41) 134 (44) 54 (28)

aKnowledge score is calculated based on average knowledge score per question
bNumber (percentage) of questions for which knowledge scores were reported separately per type of professional. This was only done for 290
questions; for a number of questions sometimes results were reported for mixed groups of HCPs. For example, physicians answered 175 questions
but only 107 of these results were reported separately for this group of professionals
cWe split (equal tertiles) papers based on their sample size
Other HCPs, druggists/pharmacy technicians, nurse assistants/vocational nurses, or physiotherapists; Others (for disease), did not have a specific
disease focus, including dose calculation and prescribing errors; HCP, healthcare professional
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Figure 1
Review process

Table 2
Summary of study characteristics and knowledge score

Author/Publication
year [ref]/Country HCPs

Sample
size

Quality
score

Number of
questions

Knowledge
score %,
mean (SD) Main topic Conclusion/recommendations

Communicable diseases/malaria

Bruxvoort et al.
2014 [17] Tanzania

NS 37 10b 8 66 (27) Dispenser knowledge of
correct advice on artemisinin
lumefantrine.

Dispenser knowledge could be
increased somewhat by using text
messages, but patient adherence
was not affected in this cluster
randomized trial.

Kamuhabwa et al.
2013 [20] Tanzania

Pm,
N, O

32 7e 4 42 (21) ACT [absorption, safety/
pregnancy, dose/patient
weight for dispensing and
prescribing]

Lack of sufficient knowledge on
dosage, drug–drug (food)
interactions, and contraindications
for ACT, and the need for on-the-
job training and continuing
education.

Mangham et al.
2012 [21]
Cameroon

NS 447 7.5b 1 61 (–) Malaria prevalence and
treatment of febrile patients
with malaria [ACT for
uncomplicated malaria]

Febrile patients may not necessarily
have malaria. Rational use of ACT
should be promoted with
appropriate testing, also updated
guideline for negative test results.

Mbachu et al. 2013
[22] Nigeria

N/M 213 8e 1 31 (–) Monitoring and evaluation of
malaria control interventions
[ACT grouping]

Knowledge gaps on understanding
of data management, perception of
efficient data transmission and
practice of malaria monitoring and
evaluation.

Mbonye et al. 2013
[23] Uganda

N/M,
O

65 9.5b 1 43 (–) Treatment of fever [1st line
drug ACT]

Lack of knowledge on Coartem
(ACT) resulted in a low proportion
of malaria patients receiving
appropriate ACT. Interventions
should address the inadequate
training on malaria management.

Watsierah et al.
2012 [24] Kenya

PM,
O

288 8.5b 8 69 (19) Malaria treatment policy and
dosing regimen with ACT,
quinine and other drugs [drug
choice, age-based dosing,
other issues]

Better knowledge on treatment
policy and dosing regimen by
public-sector providers in private.

(continues)
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Table 2
(Continued)

Author/Publication
year [ref]/Country HCPs

Sample
size

Quality
score

Number of
questions

Knowledge
score %,
mean (SD) Main topic Conclusion/recommendations

Rabiu et al. 2015
[25] Nigeria

P 394 9.5b 3 17 (8) Malaria treatment in
pregnancy

Private medical practitioners have
poor knowledge of malaria
prophylaxis and treatment in
pregnancy, and the practice of
most does not conform to guideline
recommendations.

Mannan et al. 2015
[26] Sudan

P, PM 119 9e 13 63 (27) Knowledge of HCPs on ACT ACT knowledge is very poor. There
is need for improving knowledge
via provider-oriented training
programmes.

Onwujekwe et al
2012 [27] Nigeria

P,
PM,
N

52 8.5b 3 83 (11) Management/
chemoprevention for malaria-
in-pregnancy [IPTp general,
timing, usefulness, and
definition]

Overall, knowledge on
management of malaria-in-
pregnancy is sub-optimal.
However, medication-specific
knowledge is in acceptable range.
There is need for interventions.

Rusk et al. 2012 [28]
Kenya

P, N/
M, O

117 7c 1 65 (–) Anti-malarial medication Majority could identify the first-line
treatment for uncomplicated
malaria but this still needs
improvement.

Minyaliwa et al.
2012 [29] Malawi

P, N,
O

16 6e 5 30 (34) New malaria treatment
guidelines

Dispensers have inadequate
knowledge of the new malaria
treatment guidelines. Involving
dispensers in all stages of guideline
preparation, training, and
continuing professional education
is needed.

Communicable diseases/
HIV

Etokidem et al.
2014 [30] Kenya

P,
PM,
N, O

350 9e 1 29 (–) Microbicides [preventing
spread of STIs/HIV]

There is a general knowledge gap
on the use of microbicides, and
there is a need for capacity
building.

Mathewos et al.
2013 [31] Ethiopia

P,
PM,
N/M,
O

195 8.5b 5 62 (11) Post-exposure prophylaxis/
HIV [initiate, duration of
therapy, and effectiveness]

Inadequate knowledge and
practice of HIV PEP. Recommended
interventions: training and set up a
24-hour accessible formal PEP
center with guideline.

Mponela et al. 2015
[32] Tanzania

P, N,
O

291 7e 1 41 (–) Post-exposure prophylaxis/
HIV

PEP specific knowledge is low. Also,
low PEP usage, low level of
knowledge on occupational
exposure and reporting rate. There
is a need for reporting exposure on
time so that the provider can
receive PEP.

Owolabi et al. 2012
[33] Nigeria

P, N,
O

230 8.5b 9 58 (20) Post-exposure prophylaxis/
HIV [medications used,
duration of therapy and
indication]

PEP knowledge and practice were
very poor. The authors report a
need to scale up PEP services.

Ruud et al. 2014
[34] South Africa

N, O 102 6.5b 12 79 (11) HIV and treatment [awareness
and specific medication
knowledge]

Knowledge of HIV medications is
fairly high. However, HCPs lack the
ability to manage ADRs and have
little knowledge of barriers to
patient adherence. There is a need
for training on management of
antiretroviral therapy.

(continues)
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Table 2
(Continued)

Author/Publication
year [ref]/Country HCPs

Sample
size

Quality
score

Number of
questions

Knowledge
score %,
mean (SD) Main topic Conclusion/recommendations

Ajibola et al. 2014
[35] Nigeria

P, N 300 7.5b 4 46 (30) HIV PEP [time to take,
duration of use and
medication]

Despite reasonable knowledge
score, PEP usage was low. There is a
need for PEP management
programs to increase reporting
professional/accidental exposure,
improve counselling, follow up and
access to PEP.

Ogbonna et al. 2016
[36] South Africa

P, N 102 4.5b 3 46 (32) Prevention of mother-to-child
HIV transmission (PMTCT)

Physician and nurses’ knowledge of
HIV counselling was better than
their medication knowledge (e.g.
on dosages and combination of
drugs to be used for PMTCT). Over
two-thirds reported following
PMTCT guideline
recommendations, but as their
knowledge was limited, their
practice may be substandard.

Musa et al. 2012
[37] Nigeria

P 74 9.5b 2 13 (17) HIV prevention strategy/
vaginal microbicides

Gynaecologist knowledge on
vaginal microbicides is poor. There
is a need to create awareness on
recent HIV prevention
technologies, including the role of
vaginal microbicides.

Aminde et al. 2015
[38] Cameroon

N 85 10d 10 50 (19) HIV PEP knowledge and
practices of nurses

The knowledge and practice of
nurses on PEP for HIV is low. There is
a need for training and workshops
to increase awareness, improve
practice and reduce the risk of HIV
acquisition from work-related
activities among HCPs.

Communicable diseases/vaccines

Abiola et al. 2013
[39] Nigeria

P, N,
O

84 8.5b 4 62 (19) Hepatitis B vaccine
[effectiveness, dose,
protection period]

HCPs had good knowledge of viral
hepatitis B, but poor practice on
vaccination. Provide further
education to translate knowledge
into good practice.

Abiola et al. 2016
[40] Nigeria

P, N 134 9d 7 56 (20) Hepatitis B vaccine [dose and
use]

HCPs had fair knowledge of viral
hepatitis B, but poor practice on
post vaccination testing. The need
for further training, compulsory
occupational vaccination and post
vaccination testing.

Abeje et al. 2015
[41] Ethiopia

P,
PM,
N/M,
O

374 7e 8 67 (18) Hepatitis B vaccine [full
course, usefulness, safety,
effectiveness]

Low level on the infection and
mode of transmission but moderate
knowledge score about the vaccine.
There is need for training on
prevention and control and
vaccines.

Adekanle et al.
2015 [42] Nigeria

P,
PM,
N, O

382 9.5b 1 97 (–) Hepatitis B vaccine [awareness
of the vaccine]

Despite high awareness of the
vaccine, perceived risk of the
infection and vaccination coverage
is low. Compulsory screening and
vaccination may be needed.

(continues)
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Table 2
(Continued)

Author/Publication
year [ref]/Country HCPs

Sample
size

Quality
score

Number of
questions

Knowledge
score %,
mean (SD) Main topic Conclusion/recommendations

Noubiap et al. 2014
[43] Cameroon

P 49 8.5b 3 80 (16) Hepatitis B vaccine [dose,
immune response]

Fairly good knowledge on the
vaccine but low uptake. The need
to offer and urge residents to take
the vaccine before beginning of
residency training.

Audu et al. 2014
[44] Nigeria

P,
PM,
N, O

602 8.5b 1 44 (–) Human papilloma virus
vaccine [awareness]

‘Low knowledge of a vaccine that
can prevent the commonest cancer
in women in sub-Saharan Africa’.
The authors recommend targeted
interventions: via the ‘man on the
street’ and traditional and religious
leaders.

Hoque 2016 [45]
South Africa

P 320 10c 2 34 (12) Human papillomavirus
vaccine [effectiveness and
type]

Doctors lacked knowledge of
human papillomavirus infection
and vaccine. There is a need for
health education and on safety,
efficacy and the best timing for
human papillomavirus vaccination.

Wamai et al. 2013
[46] Cameroon

N 76 8e 5 85 (8) Human papillomavirus
vaccine [use]

There is high awareness of the
vaccine but more education is
required to further increase nurses’
willingness to recommend the
vaccination.

Kamuhabwa et al.
2012 [47] Tanzania

P,
PM,
O

253 7e 2 19 (22) Influenza vaccine/prevention
and treatment [antiviral
medication and side effects]

Large knowledge gap on antiviral
medications and adverse effects.
Need for continued (postgraduate)
education and professional
development.

Fatiregun et al.
2012 [48] Nigeria

P,N 255 8e 1 39 (–) Influenza A (H1N1) vaccine Poor knowledge of the vaccine but
willingness to receive the vaccine
was very high. One reason for
refusal was fear over side effects.
Intervention needed to increase
uptake.

Masika et al. 2016
[49] Kenya

N 274 5.5b 14 33 (14) Adverse events following
immunization (AEFI)

The majority of the respondents
had poor knowledge and practice
levels on AEFI surveillance;
especially on how to investigate,
report and manage post-
immunization anaphylaxis.
Training on AEFI surveillance for
nurses.

Communicable diseases/Tuberculosis

Adams et al. 2014
[50] Tanzania

P, N
O,

117 4.5b 3 90 (2) Childhood tuberculosis
[treatment and monitoring]

Overall knowledge was high and
good implementation of national
guidelines. Still there is need to
address gaps in diagnosis,
treatment and use of isoniazid
preventive therapy.

Chukwu et al. 2016
[51] Nigeria

P 106 9a 1 27 (–) Childhood TB [regimen for
category 1 TB]

Good overall disease knowledge
but poor knowledge of category I
TB medications. Despite good
knowledge, practice was less
appropriate. Need for focused
training on childhood TB care.

(continues)
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Ukwaja et al. 2013
[52] Nigeria

P, N,
O

30 5b 5 77 (19) Tuberculosis [regimen/
duration and side effect]

Gaps in disease and medication
knowledge, but especially a need to
re-educate HCPs on infection
control.

Rutta et al. 2014
[53] Tanzania

PM,
O

295 6.5b 5 37 (23) Tuberculosis care
[consequences of poor
adherence]

Poor knowledge on consequences
of inadequate medication
adherence by retail drug outlet
staff. Intervention implemented to
improve identification of TB
patients and referral to proper
health facilities.

Communicable diseases/other

Abera et al. 2014
[54] Ethiopia

P, N,
O

385 9.5b 13 47 (30) Antimicrobial resistance
[contributing factors for
resistance and examples]

Poor knowledge on different
aspects of antimicrobial resistance.
Interventions should focus on
[reducing] self-medication, raise
awareness on resistance and
improve access to antibiograms

Ajibade et al. 2014
[55] Nigeria

N 67 3e 2 61 (25) Perioperative antibiotic
prophylaxis

[administration and safety]

Nurse-anaesthetist had fair
knowledge of rational surgical
antibiotic prophylaxis. Further
attention to peri-procedural
prophylaxis needed, especially with
regard to timing of antibiotic
dosing.

Chukwu 2016 [56]
Nigeria

P,
PM,
N

221 6e 3 50 (31) Probiotics [awareness,
benefit, and microbe status]

HCPs are not aware of advantages
of using probiotics for managing e.
g. diarrhoea. Knowledge of HCPs
may be improved through
seminars, workshops and using
pharmacists as messengers as they
seemed more informed.

Fathi et al. 2016
[57] Egypt

P 319 7d 9 69 (31) Antimicrobial therapy and
resistance [dose, specific
agent]

Overall fairly good knowledge but
limited awareness of specific issues:
e.g. need for dose adjustments in
patients with renal impairment or
about local resistance patterns, or
need to advise patients on proper
use. Antimicrobial stewardship
programmes are recommended for
Egyptian hospitals.

Mbonye et al. 2016
[58] Uganda

P, O 170 7.5b 1 18 (–) Antibiotics [Amoxicillin/
children pneumonia]

More than 80% of HCPs did not
know amoxicillin as first line
therapy for pneumonia. The need
to regulate drug shops.

Mwanakasale et al.
2013 [59]
Zimbabwe

P,N/
M, O

28 3e 3 37 (7) The challenges to control
Human African
Trypanosomiasis

In addition to poor medication
knowledge of HCPs, especially
shortages of trained health workers,
inadequate diagnostic (laboratory)
and treatment facilities, and
shortage of trypanosomicides need
to be addressed to improve care.

(continues)
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Ogbo et al. 2014
[60] Nigeria

P 186 7.5b 8 22 (14) Management of acute
diarrhoea in children [product
recommended]

Poor knowledge on products to
manage diarrhoea, with only 15%
of community pharmacists
following WHO guidelines. Authors
indicate a need for a campaign on
the management of acute watery
diarrhoea.

Omuemu et al. 2012
[61] Nigeria

P, N/
M

59 9.5b 12 38 (32) Zinc supplementation in the
management of childhood
diarrhoea [types of diarrhoea
treated with zinc supply and
benefit]

HCPs lack adequate knowledge on
how to supplement zinc. Social
marketing campaigns are proposed
to promote zinc supplementation
in children with diarrhoea.

Peltola et al. 2015
[62] Malawi

O 115 7e 3 63 (52) Sepsis management Knowledge on practical
management was relatively good,
but ‘Surviving Sepsis Campaign’
therapeutic strategies were poorly
known. Sepsis guidelines need to be
adapted to healthcare structures in
underdeveloped countries.

Thriemer et al. 2013
[63] DR Congo

P 184 8d 10 56 (32) Antibiotic prescribing
[simulated cases based on
safety of medication for
pregnancy, resistance issue
and administration route]

Low to mediocre knowledge of
HCPs, especially of local resistance
patterns and lack of independent
drug information. The authors
indicated a need for local antibiotic
guidelines and courses on rational
use.

Non-communicable diseases

Adeyeye et al. 2015
[15] Nigeria

N 78 3e 8 68 (16) Knowledge, skills and
competency of nurses in the
treatment of asthma

The knowledge of nurses about
drug delivery devices and peak flow
meters was poor. Need for
structured courses on asthma
management, including hands-on
training with various devices and
peak flow meters.

James et al. 2012
[65] Nigeria

P 128 7c 3 26 (21) Long-acting antipsychotic
injections (LAIs) [medication
safety, efficacy/indication and
prescribing]

HCPs had (too) positive attitudes to
injectable antipsychotics but their
knowledge on adverse effects was
low and needs to be improved as
did patient counselling.

Obumneme-Anyim
et al. 2014 [67]
Nigeria

P 283 6.5b 4 62 (8) Asthma [medication used in
treatment of acute
exacerbation]

Good knowledge on epidemiology
and clinical features of asthma, but
fair knowledge on treatment only. A
need for continued medical
education to improve knowledge
on stepwise combination therapy
and putting knowledge into
practice.

Ozoh et al. 2014
[69] Nigeria

P 182 6e 1 58 COPD/medication Level of knowledge on COPD
management is sub-optimal. There
is a need to develop a systematic
COPD education programme to
improve knowledge.

Ogboli-Nwasor
et al. 2013 [68]
2013 Nigeria

P 82 8a 8 33 (25) Cancer pain management
[guideline/protocol focused]

Elemental lack of knowledge of pain
management in cancer patients.
This requires formal training as part
of continuous medical education in
low-resource settings.

(continues)
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Fadare et al. 2014
[64] Nigeria

P,
PM,
N, O

170 10c 3 60 (32) Palliative care [morphine and
pain relief]

Fair knowledge on morphine use
and precaution but poor overall
palliative care knowledge.
Introduce palliative care
management in the curriculum of
HCPs.

Murila et al. 2012
[66] Kenya

P, N 192 3e 2 1 (0) Neonatal resuscitation

[medications and fluids]

Inadequate knowledge of
resuscitation, with no knowledge
on relevant medicines. There is a
need to increase quality and
duration of undergraduate training.

Sakafu et al. 2016
[70] Tanzania

P 50 9e 4 46 (44) Management of differentiated
thyroid cancer and the use of
radioactive iodine

There is insufficient knowledge on
proper management and use of
radiopharmaceuticals. Attention
should be given to nuclear
medicine in postgraduate
continuous medical education.

Family planning and
gynaecology

Reiss et al. 2016
[19] Kenya

235 6.5e 9 39 (28) Abortifacient [regiment and
side effects, other uses]

Limited medical abortion
knowledge. Training may improve
the quality of information and
access to safe abortion.

Amin 2016 [71]
Egypt

PM 167 9a 10 30 (26) Oral contraceptives [options
for breast feeding mother,
side effects, backup options]

Low knowledge of contraceptives.
Continuous medical education
should focus on misconceptions
around contraception and health
risks and on managing missed pills.

Bains et al. 2014
[72] Uganda

PM 26 9c 1 57 (–) Maternal-fetal medicine
Not medication specific

Pharmacists had fair overall
knowledge of medicines used
during pregnancy and lactation.
There is, however, a need to revise
current undergraduate curricula
and increase access to high-quality
drug information resources,
especially for low-income countries.

Morhason-Bello
et al. 2014 [73]
Nigeria

P 255 8.5b 11 58 (29) Emergency contraception
[type, indication, regimen]

HCPs had a fair overall knowledge
on emergency contraceptives.
However, they lacked knowledge of
emergency contraception policy
and proper counselling.
Undergraduate and on-the-job
training recommended.

Mohammed et al.
2016 [74] Nigeria

P, N/
M

292 6a 7 43 (25) Obstetric knowledge [specific
medication use for (pre-)
eclampsia, PPH and others]

Nurses/midwives had poor
knowledge on medicines used in
obstetrics. Undergraduate curricula
should be fully implemented and
continuing education introduced.

General topics (without specific
disease)

Savage 2015 [16]
Tanzania

N 242 6.5b 1 33 (–) Drug dose calculation Nurses had poor pre-test dose
calculation skills, these improved
after a training programme.
However, arithmetic skills could be
supported in less developed
settings by providing calculators.

(continues)
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Finally, papers that had the lowest quality scores reported
higher medication knowledge by HCPs than the studies with
medium or high quality.

Disease focus
Communicable diseases (215 questions, 45 papers). The
majority of papers and medication-related knowledge
questions were for medicines used for malaria, HIV/AIDS,
tuberculosis and for vaccines.

Forty-eight questions in 11 papers queried HCPs about
their medication knowledge to treat or prevent malaria [17,

20–29]. These questions identified knowledge gaps across all
aspects of antimalarial medication use; i.e. dosing, drug–drug
(food) interactions, contraindications, appropriate use in
specific patient groups (paediatrics, pregnancy and adults).
The main finding, as reported by authors, was the lack of
knowledge on rational and effective use of artemisinin-based
combination therapy and implementation of recommended
intermittent preventive treatment in pregnancy or medica-
tions for specific age groups.

Forty-seven questions in nine papers were on antiretrovi-
ral medications for HIV/AIDS [30–38]. In these papers, it is
reported that HCPs lacked knowledge on use of microbicides

Table 2
(Continued)

Author/Publication
year [ref]/Country HCPs

Sample
size

Quality
score

Number of
questions

Knowledge
score %,
mean (SD) Main topic Conclusion/recommendations

But other course materials may be
tested.

Kamuhabwa et al.
2015 [18] Tanzania

PM 183 6e 2 95 (8) Dispensing practice of
prescribed medicines/mystery
shopper approach [OTC,
drug–drug/food interaction]

Knowledge on drug–drug (food)
interactions and prescription-only
drugs was high. However, authors’
conclusions were that dispensing
practices were inadequate, and
prescription-only drugs should be
handled by trained professionals
only.

Auta et al. 2012 [75]
Nigeria

O 236 7.5b 1 34 (–) Self-medication [OTC,
indication, C/I, side effect,
brand/generic names]. Not
medication specific

Poor knowledge on OTC,
indication, contraindication, side
effects, brand and generic names.
The need for education on self-
medication.

Onigbinde et al.
2012 [76] Nigeria

O 135 8d 9 28 (11) Topical pharmacotherapy
[active ingredients, topical
antibiotics, NSAIDs, side
effects and C/Is]

Poor knowledge of topical
pharmacotherapy. The need for
continuing professional
development program/seminars.

Ajemigbitse et al.
2014 [77] Nigeria

P 30 7d 3 90 (4) Medication prescribing errors
[medication use, indication,
formulation]

Good knowledge on medication
indication, different formulation
and dose, but low awareness for
making prescribing errors.
Principles of rational
prescribing and of making
prescribing errors should be taught
in practice.

Ogunleye et al.
2016 [78] Nigeria

P, PM
N, O

2386 8.5b 3 90 (6) Medication errors (general) High prevalence of medication
errors, and knowledge of errors
differed across professional groups.
Multifaceted interventions are
suggested.

Tool (questionnaires) validation:
aSelf-made with expanded/formal validation process,
bSelf-made with pretest only,
cCited previous developed tool and used as such, or
dCited previously developed tool with modification, and
eSelf-made without clear explanation for validation
On the overall score, papers without standard deviation are these with only one knowledge question
HCPs: healthcare professionals; P: physician, PM: pharmacist, N/M: Nurse midwife, O: Other HCP; ACT; Artemisinin-based Combination Therapy,
IPTp; Intermittent Preventive Therapy in pregnancy (malaria chemoprevention in pregnancy), ADR; adverse drug reaction, OTC; Over-the-counter,
DM; diabetes mellitus, PMTCT: Prevention of mother-to-child transmission
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to prevent HIV and other sexually transmitted diseases, that
they were unable to identify medications used for post-
exposure prophylaxis (PEP), and did not know the time point
to initiate PEP, duration of treatment and effectiveness of
PEP. The main finding in these papers was that PEP was
underused, and it was speculated that this was partly due to
the low level of PEP-related knowledge.

Forty-eight questions were about different types of vac-
cines; 23 on hepatitis B [39–43], eight on human papilloma
virus [44–46], three on influenza [47, 48] viruses, and 14 ques-
tions on adverse events following immunization [49]. Ques-
tions were about overall awareness of different types of
vaccines, and the effectiveness, what comprised a dose/full
course, how long the vaccines offered protection, and about
the safety of vaccination, adverse reactions after immuniza-
tion, and medication used to prevent/relieve vaccination-
related immune reaction. The papers on hepatitis B reported
overall good knowledge of the vaccine (56–97%), but despite
this good knowledge, HCPs’ perceived benefit and actual use
of the vaccine was low. All but one paper reported poor
knowledge of vaccines for human papilloma and influenza
viruses, and also about adverse reactions following
immunization.

Fourteen questions from four papers were on knowledge
of medication used to treat tuberculosis [50–53], focusing
on child tuberculosis treatment, knowledge of the complex
treatment regimens (number of medications, duration of
therapy and safety concerns), and about the consequences
of poor treatment adherence. Two of these papers reported
poor knowledge on tuberculosis treatment regimens and con-
sequences of medication non-compliance.

The remaining 58 questions in papers focusing on medi-
cations for communicable diseases were about medications
for human African trypanosomiasis, anti-diarrheal agents,
sepsis management, general antimicrobial indications, safety
or resistance [54–63]. Topics in these papers were timing of
administration and safety issues of perioperative antibiotic
prophylaxis, prevention of antimicrobial resistance and
contributing factors, inappropriate antibiotic prescribing,
and diarrhoea management in children. The main findings
from these papers were that HCPs had a fair knowledge of

what constitutes rational antimicrobial use, but poor knowl-
edge of antimicrobial resistance and especially on products
for diarrhoea.

Non-communicable diseases (38 questions; 8 papers).
Medication questions on non-communicable diseases
concerned cancer treatment and cancer-related pain
management and palliative care in two papers (n = 12),
medications for asthma/COPD (n = 12) in three papers,
four on management of thyroid cancer and use of
radioactive iodine in one paper, and finally three papers on
antipsychotics [15, 64–70]. The main knowledge questions
were more general, as the papers focused mostly on general
disease management and type of medication to be used.
The main findings were knowledge gaps on palliative care,
use of radioactive iodine for thyroid cancer, long active
long-acting antipsychotic injections, asthma/COPD and
cancer pain management.

Family planning and gynaecology (31 questions; 5 papers).
Thirty-one questions in five papers were about
contraceptives or medication used in gynaecological
procedures [19, 71–74]. The knowledge questions were
about appropriate use of medication for (pre-)eclampsia,
neonatal resuscitation, emergency contraceptives (type,
dose, indication, side effects and time window for use),
and abortifacient medication use and complications.
The studies reported limited knowledge on medical
abortion, pharmacotherapeutics of oral and emergency
contraceptives. Many papers indicated also important
attitudinal issues affecting the proper use of especially
emergency contraceptives and abortifacients.

Without specific disease focus (27 questions; 6 papers). Six
papers (14%) with 27 medication-related knowledge
questions did not have a specific disease focus (grouped under
‘other’ in Table 2) [16, 18, 75–78]. Questions were more
general including self-medication, topical medications (anti-
pain and antibiotics), dose calculation and prescribing errors.
Authors reported this type of general knowledge to be poor as

Table 3
Quality score per item (n = 64)

Quality score items Weight (point)

No. of papers with score of

2 pt 1 pt 0.5 pt 0 pt

Q1. Sampling method 1 34 30

Q2. Sample size calculation 1 28 36

Q3. Response rate 1 50 14

Q4. Participants’ characteristics 1 52 12

Q5. Clarity how knowledge score was measured 2 57 3 4

Q6. What is the appropriate answer 1 51 3 10

Q7. Tool validation 1 15 28 21

Q8. Descriptive data 1 57 7

Q9. Explain missing data 1 57 7
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with other disease groups. In particular, there was low level of
knowledge on self-medication practices, prescribing errors
and pharmacotherapy of dermatological products.

Discussion
We provide a comprehensive overview of medication knowl-
edge based on a review of 64 papers including 13 911 HCPs
from 12 African countries. Overall, 52% (SD 28) of HCPs
answered a total of 306 knowledge questions correctly. Physi-
cians, nurses and midwives were most often included, but
pharmacists were also well represented. Most (70%) studies
were about communicable disease medications including
antimalarial, antiretroviral medications for HIV, and differ-
ent types of vaccines. The large majority of included studies
were of medium to high quality but especially validation of
the questionnaire was either poorly performed or described.
Most papers reported as a main finding that HCP lacked suffi-
cient medication knowledge and needed training to improve
this knowledge.

Medication knowledge
Our paper shows that, using a systematic approach, it is
possible to synthesize a comprehensive overview of medica-
tion knowledge from papers that may have a wider scope,
e.g. focusing on overall disease management. The overall
knowledge score of 52% shows that medication knowledge
continues to be a problem. The issue seems generic for all
medicines across different disease areas, as medication
knowledge questions were answered relatively similarly be-
tween different disease areas. Although there is no univer-
sally accepted threshold to define adequate knowledge, we
think that the score found in our study is suboptimal consid-
ering the pass mark (60%) often used inmedical colleges or in
educational practice in general. Most papers concluded that
knowledge was suboptimal despite the fact that no paper
had a predefined acceptable knowledge score. Knowledge is
also lower in comparison with a study conducted in 15 coun-
tries in Europe (70%), two studies in Norway (score > 60%),
and one study performed in The Netherlands (score > 70%)
[1, 3, 4, 6]. Observed medication knowledge deficits among
HCPs in our study may be explained by a lack of adequate
drug information resources and up-to-date reference books,
limited access to internet (mainly outside the main cities),
and due to lack of integration of (clinical) pharmacology
courses with major professional courses in under- and post-
graduate courses. Pharmacology courses are often delivered
early in the study curriculum, before professional courses (in-
ternships) specifically for physicians and nurses take place.
This makes it difficult to integrate medication knowledge
and clinical skills. An attractive scenario would be to test
whether building ‘personal formularies’ during formal train-
ing of HCPs would increase medication knowledge, and
whether sufficient attention is paid also to prescribing skills,
which would result in more rational prescribing [79]. The
comparison with the above studies should be made cau-
tiously as the papers in our study covered a much broader
range of topics, a wider variety of medication knowledge
questions, had different study designs, different types of

HCPs included and an emphasis on medication-related
knowledge questions in the area of communicable diseases.

Our results suggest that (clinical) pharmacology and ther-
apeutics education may have to be strengthened in Africa.

According to Brinkman et al. [4], the way (clinical) phar-
macology and therapeutics are taught greatly influences
prescribing competence. They showed that knowledge was
significantly higher among students who attended schools
using problem-based or mixed-learning methods than those
attending traditional learning curricula. Moreover, they also
showed that factual knowledge alone had a weak correlation
with prescribing skills [80]. The ‘six steps’ approach advo-
cated in the ‘Guide to good prescribing’ adopted by the
WHO, which is widely used in medical training programmes
around the globe [81], could be a good start for this. The
European Association of Clinical Pharmacology and Thera-
peutics presented in a recent study a blueprint for a core cur-
riculum to assure prescribing competency in Europe. This
programme may not be translated in full to the African situa-
tion, but some teaching methods such as role-playing
sessions, case-based discussion groups and student run clinics
may work well [82]. Additionally, electronic tools like mobile
apps may help HCPs maintaining and updating medication
knowledge [17]. Strengthening drug information services
may be another way to improve medication knowledge.

Disease focus
It is not surprising that most of the articles in our review were
about medications to treat or prevent communicable dis-
eases. These diseases present the major health challenge in
Africa [83]. The reported lack of knowledge on various aspects
of rational medication use and drug resistance challenges
effective prevention and eradication programmes. The most
discussed issues included malaria, in particular the use of
artemisinin-based combinations and Prevention of Mother
to Child Transmission (PMCT), HIV, especially PEP, and
vaccinations.

Another area that was well studied was vaccines, where we
observed knowledge gaps for different types of vaccines for
hepatitis B (HBV), influenza and human papilloma viruses
(HPV). Awareness of available HBV vaccines in our study
(56–97%) was in line with a previous report [84]. Cervical
cancer caused by human papillomavirus (HPV) is the leading
cause of cancer mortality among women in Africa [85].
Although the general population in the region has some
knowledge of HPV and may be quite willing to get vaccinated
[86], the knowledge deficit on the efficacy and safety of the
vaccines reported in our study for HCPs needs to be addressed
before they are likely to support and engage in effective vacci-
nation campaigns. Other studies on communicable diseases
were on rational antimicrobial medication use and resistance,
highlighting the known antibiotic use challenges that need
training and continuous education of HCPs.

Even though the burden of NCDs, such as hypertension,
diabetes mellitus, asthma/COPD, stroke and cancer are in-
creasing in Africa, relatively little attention is still paid to
these diseases by health policy makers [87, 88]. It is therefore
not surprising to see also few medication knowledge studies
for these diseases. Of the NCDs, cancer and asthma/COPD
were most widely studied, which are diseases with complex
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medical treatments that require high levels of HCP knowl-
edge and skills.

In developing nations, including the majority of African
countries, contraceptive use remains low with obvious conse-
quences for population growth and thus with a high unmet
need for improved family planning activities [88]. One of
the major barriers reported for low use of family planning is
inadequate knowledge about contraceptive methods and
how to use these in the general population [89, 90]. Three pa-
pers included in our study substantiate these findings [71, 73,
91]. Due to cultural, religious and social influences, the role of
HCPs is crucial for improving the uptake of contraceptives.
Interventions to improve HCPs’ knowledge may help to
achieve the sustainable development goal 3 (reduce child
mortality and improve maternal health) set by the United
Nations [92]. The papers included in our study also suggest
that attitudinal issues need to be overcome among HCPs.

Medication benefit versus harm aspect
In our study, most of the knowledge questions were on med-
ication benefit. Our study suggests that the harmful aspects
of medication use receive little attention, even in research.
In line with this, adverse drug reaction reporting from sub-
Saharan Africa is the lowest in the world [93, 94].

Strengths and limitations
To the best of our knowledge, this is the first study of this
type in Africa that provides a comprehensive overview of
HCPs’ medication knowledge. We used a semi-quantitative
approach to facilitate a global interpretation of the large
amount of published data. Our review revealed a wide range
of medication and disease topics across studies. The pooled
estimates should thus be interpreted with caution as the
studies were highly heterogeneous, reporting a wide range
of diseases that used various measuring tools. The emphasis
in this paper is on descriptive rather than quantitative differ-
ences in medication knowledge.

Another limitation of this study was that our quality
score assessment tool was not validated. The tool was self-
developed, and although it is based on the STROBE checklist,
pre-tested and highly intuitive, different cut-offs or weights
attached to assessment criteria could have resulted in small
differences in the classification of study quality. The emphasis
in this paper is therefore on a textual description of medica-
tion knowledge and general areas for improvement that
should not be driven by a specific knowledge score value. In
almost all papers in our review, knowledge was measured
using paper-based surveys, i.e. studies did not look at pre-
scribing practices or outcomes. The difference between
paper-based knowledge scores and practical skills need to be
further explored in African settings.

We did not check systematically the references of in-
cluded papers for potential additional relevant studies. We
think, however, this would have only minimally changed
our findings, as we already included an eclectic sample of
studies into HCPs’ medication knowledge. Our search was
limited to a five-year period (2012–2016), it allowed us to fo-
cus on studies that reflect the current situation with respect to
HCPs’medication knowledge. It also allowed us tomaintain a
broad focus of HCP medication knowledge across disease

areas, while curbing the already large number of retrieved
studies.

Conclusion
Overall, our study indicates there continues to be a consider-
able lack of knowledge about medication in the African
region. Our study suggests that there is a general need to im-
prove education and continuous training of HCPs about
medication. In particular, revised teaching methods for
under- and postgraduate students may be used to improve
prescribing competency. Electronic tools such as health apps
may be used to provide knowledge at time of prescribing. This
indicates a continued need to improve the situation, for ex-
ample by paying more attention in the education system
and on-the-job training. In addition, more information is
needed on the effects of better knowledge on the quality of
prescribing and medication use, and in the ultimate effects
on health outcomes. It is also important to set up a system
for monitoring HCP training programmes.
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