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Abstract

Background: Hypertension is one of the leading causes of morbidity and mortality in Ethiopia. Treatment usually
involves lifelong medication use. Enalapril is a common drug for the treatment of hypertension in Ethiopia. However,
the drug is expensive and, therefore, there is limited capacity for people to afford the treatment. Locally produced
Enalapril is a cost-effective solution to treat the disease. However, as local medicines regulation does not include
bioequivalence tests on locally produced drugs, physicians and patients need assurance about the effectiveness
and safety of local generics. Evidence on therapeutic equivalence is needed on these untested local drugs.

Methods: This is a hospital-based, randomized, partially blinded, three-cycle crossover trial in single patients,
comparing a locally produced version of enalapril with enalapril imported from Europe. Patients involved in this
trial are not blinded, as there is no local facility to produce relatively small numbers of placebos or encapsulated
drugs. To ensure blinding of study investigators and data analysts, study medications are prepared by an independent
pharmacy unit using opaque medication packaging. The importance of maintaining blinding is also part of patient
pre-trial education. Each N-of-1 trial will consist of three successive 14-day treatment pairs, each pair comprising
7 days of 5–20 mg local and 7 days of 5–20 mg imported enalapril taken once daily in the morning. The primary
outcome will be the average difference in systolic blood pressure as measured by home blood pressure measurements.

Discussion: The number of locally produced products, such as enalapril, being approved without proof of
bioequivalence is dramatically increasing. By bridging the information gap on bioequivalence, the trial will give
rigorous evidence on therapeutic equivalence of locally produced enalapril in the treatment of hypertension. If
there is no difference, the hypothesized result, then patients can take the local medicine with confidence. This trial will
also will determine whether aggregated N-of-1 studies are feasible to evaluate untested generic drugs in resource-
limited countries where bioequivalence testing centers are unavailable.

Trial registration number: Australian and New Zealand Clinical Trial Registry, ID: ACTRN12616001088437p. Registered
on 12 August 2016.
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Background
Ethiopia is the second most populous country in Africa
with a population size of 100,936,943 [1]. In 2011, the
World Health Organization (WHO) estimated that 34% of
the Ethiopian population dies from non-communicable
diseases, with a national cardiovascular disease prevalence
of 15% [2]. In particular, hypertension is a major public
health challenge because of its high frequency and associ-
ated risks. Ethiopian studies have found a significantly
high prevalence of hypertension at the workplace (27.3%)
[3] and in an urban community (30%) [4]. In 2008, the
Ethiopian Federal Ministry of Health (FMOH) identified
hypertension as the seventh leading cause of mortality [5].
This makes it the single most important cause of mortality
from non-communicable diseases in Ethiopia.
Drug therapy for hypertension involves the use of a

series of drug classes and often requires taking multiple
drugs, which makes the treatment expensive for pa-
tients. In order to provide better access to affordable
drugs, the Ethiopian Government legalized the produc-
tion and commercialization of locally produced generic
drugs. Because of their lower cost, the use of generic
drugs is supported by health care systems which rec-
ommend that physicians prescribe them, rather than
brand-name drugs [6–8]. Therefore, treatment of
hypertension with generics is an ideal option to reduce
health care costs and improve therapeutic compliance
in Ethiopia.

Lack of accredited bioequivalence center in Ethiopia
In most places in the world, an application for marketing
approval of a new generic product must reference a cor-
responding product, which was approved on the basis of
clinical trials to support claims of safety and efficacy.
This means that generics must show bioequivalence
(BE) to a reference product and this is accepted by the
European Union (EU) [9], the United States of America
(USA) [10] and the WHO [11]. However, due to the lack
of a bioequivalence testing center in Ethiopia, whether
locally produced drugs are therapeutically equivalent,
and thus interchangeable with the originally marketed
products, is not known.
One practical example for this, occurred when the

Ethiopian medicines authority announced that the pro-
duction of one particular locally manufactured drug was
banned when it received claims of ineffectiveness of the
drug from various health professionals [12]. Several
studies have also reported high levels of negative percep-
tions regarding generic drugs among health professionals
and patients in Ethiopia [13, 14].

Enalapril
Enalapril is an angiotensin-converting enzyme (ACE)
inhibitor used in the treatment of hypertension,

symptomatic heart failure and asymptomatic left ven-
tricular dysfunction [15]. Onset of antihypertensive ac-
tivity is at 1 h, with peak reduction of blood pressure
(BP) achieved by 4–6 h after administration. The extent
of absorption of enalapril from enalapril tablets adminis-
tered per os is approximately 60%. The effective half-life
for accumulation of enalapril following multiple doses of
the drug is 11 h. It is metabolized in the liver and excre-
tion is primarily renal [16]. One study demonstrated that
the first dose of enalapril was effective and produced ef-
fects similar to those measured after 7 days, and after
1 month of treatment [17]. In Ethiopia, enalapril is com-
monly used to treat hypertension and is one of the first-
line treatment options in the routine management of pa-
tients with hypertension [18].

What are N-of-1 trials?
N-of-1 tests are double-blinded, multiple-crossover,
comparative trials of effect. They are indicated when-
ever there is substantial uncertainty regarding the com-
parative effectiveness of different treatments being
considered for an individual patient. Guidelines
commissioned by the US Department of Health and
Human Services, and a recently published book have
both documented the use of N-of-1 tests as a means of
formally assessing the bioequivalence of generic drugs
[19, 20]. Researchers have used N-of-1 tests to prove
therapeutic interchangeability of generic warfarin [21]
and nifedipine [22]. An N-of-1 trial also concluded that
follow-up of hypertension using home BP measurement
is possible [23].
N-of-1 trials are suitable in the following conditions:

stable or chronic conditions; treatments that have a
rapid onset and offset of effect, and a short half-life
resulting in minimal washout periods [24, 25].. Enalapril
meets all the conditions of a treatment that is amenable
to N-of-1 trials [23].

Justification for the trial
High-quality clinical evidence is required to prove the
comparative efficacy and safety of locally produced enal-
april compared with an accepted comparator, without a
bioequivalence profile being present. Though they are
cheap, people distrust local drugs. Pharmacodynamic
(PD) endpoint bioequivalence studies can be used to es-
tablish bioequivalence of drug products when pharma-
cokinetic (PK) data is not possible [26, 27]. Compared
with clinical endpoint bioequivalence studies, PD studies
are more cost-effective, sensitive and less complicated
methods for detecting drug formulation differences.
Conducting classical clinical trials is difficult in Ethiopia.
N-of-1 trials are relatively easy to conduct and generate
results for each person. N-of-1 trials are not common in
Africa. In particular, there are no published reports of
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N-of-1 methodology being used to assess the therapeutic
equivalence (TE) of a product without a bioequivalence
profile against another medicine that has a bioequiva-
lence profile. If the tests prove feasible and acceptable,
they can provide a bridge between the less rigorous
regulatory environment in many resource-poor coun-
tries, and one in the future where bioequivalence tests
are the norm.
N-of-1 tests prove TE and interchangeability in indi-

vidual patients. Furthermore, when N-of-1 tests from
multiple individuals are aggregated (aggregated N-of-1
tests), a smaller sample size is required to produce
generalizable data compared to parallel randomized
controlled trials (RCTs) [22, 28]. Therefore, as a proxy
measure to a bioequivalence study, the aggregation of a
modest number of patients who are undergoing N-of-1
tests could be used to determine overall TE in the
population. To inform the design of this study, we con-
ducted a preliminary qualitative study to assess the
views of patients and physicians on local drugs. (publi-
cation in process) We identified that participants pre-
ferred imported drugs from Western countries,
particularly Germany. For this reason, the German ver-
sion of enalapril has been chosen as a comparator drug
for this trial.

Objectives
The objectives of the trial are to:

1. Compare the TE of locally produced enalapril and
the German version of enalapril using N-of-1 TE
tests (both versions are registered to treat hypertension
in Ethiopia)

2. Assess whether N-of-1 TE tests are feasible to
generate bioequivalence information for generic
drugs in resource-poor settings

Methods
Trial design
This is a TE study using N-of-1 trials or tests. Each N-
of-1 test will be a randomized, partially blind, multiple-
crossover study designed to simulate the routine clinical
practice of switching a patient between generic and
brand forms of enalapril.
Each N-of-1 trial will consist of three successive 14-

day treatment pairs, each pair comprising 7 days of
Envas and 7 days of Ena-Denk in random order, taken
once daily in the morning. The order of treatments in
each treatment pair will be determined by block
randomization. Figure 1 shows the study design for a
sample arrangement of treatment order. The protocol
conforms to the Standard Protocol Items: Recommenda-
tions for Interventional Trials (SPIRIT) guidelines [29].
The SPIRIT Checklist can be found in Additional file 1.
Figure 2 shows the SPIRIT schedule of enrollment, inter-
ventions and assessments [29].
Blood pressure will be assessed morning and evening

during the period, and by a study clinician at the end of
each 7-day period. Blood pressure measurements taken
in the first 2 days of each period will be discarded during
the analysis stage to allow for washout.

Study setting
This is a single-site, hospital-based study that will be
conducted in the AHRI/ALERT center, one of the
government-owned institutes located in the capital city
of Ethiopia (Addis Ababa). The complex comprises the
All Africa Leprosy, Tuberculosis and Rehabilitation
Training Center (ALERT) specialized hospital and the
Armauer Hanson Research Institute (AHRI).

Study participants
Participants who fulfill the following inclusion criteria:
(1) male and female patients with primary hypertension

Fig. 1 Diagram of N-of-1 test for treatment of hypertension using two enalapril formulations
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controlled on enalapril alone or an enalapril-containing
regimen, and who have achieved a BP target of 140/
90 mmHg or less in at least the last 2 months (clinic
readings), (2) the enalapril dose is between 5 mg and
20 mg daily, (3) aged between 18 and 80 years, (4) serum
electrolyte and creatinine within the normal range (or
the clinical investigator considers the deviation to be ir-
relevant for the purpose of the study) and (5) a normal
electrocardiogram (ECG) or stable abnormalities which
the clinical investigator does not consider a disqualifica-
tion for participation in the study.
Exclusion criteria include: (1) any evidence of clinically

significant, poorly controlled hematologic, renal, hepatic,
gastrointestinal, or diabetic problems, (2) any evidence
within the last 6 months of clinically significant diseases
involving the cerebrovascular, autoimmune, or cardio-
vascular systems, including poorly controlled angina
pectoris, secondary hypertension, congestive heart fail-
ure, myocardial infarction or stroke, (3) concomitant use

of major psychotropic agents or antidepressant drugs or
regular use of non-steroidal anti-inflammatory agents,
high-dose aspirin, or any agent that could raise or lower
BP within the last 2 months, (4) a history of drug or
alcohol abuse, (5) sensitivity to ACE inhibitors and (6)
pregnant (positive pregnancy test) or breast-feeding
women or women who are planning to become pregnant
during the trial period.

Interventions
Investigational products
This N-of-1 TE study will compare two formulations of
enalapril (Envas and Ena-Denk); see Table 1.

Enalapril
For each patient, individualized enalapril will be pre-
scribed for the duration of the study (6 weeks). Drugs
will be bought from a well-regulated wholesale phar-
macy. Study medications will be packed and labeled by

STUDY PERIOD

Enrol
ment

Alloc
ation

Post-allocation Close-out

Cycle 1 Cycle 2 Cycle 3

TIME POINT -t1 0
Day 
1-7

Day
8-14

Day 
15-21

Day 
21-28

Day 
29-35

Day
36-42

Final 
safety 
check
Day 43

Report 
given to 

physician 
and 

patient
Day 56

ENROLMENT:

Eligibility screen X

Informed consent X

Home BP 
measurement 

training session

X

Allocation X

INTERVENTIONS:

[Envas] For each cycle – Envas 7 days, 
EnaDenk 7 days 
in random order[EnaDenk]

ASSESSMENTS:

ECG, Laboratory 
tests (hgb, ALT, 

potassium and 
creatinine)]

X X

[BP measurement ] X Daily BP readings X

[Closeout procedure] X X

Fig. 2 Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT) schedule of enrollment, interventions and assessments
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an independent pharmacy unit in six opaque bottles
containing 1 week’s supply of medicines each, and ran-
domly ordered.

Randomization
We will use block randomization, and with a block size
of 2, by a statistician at The University of Queensland
(UQ). The order in which patients receive drugs will be
randomized by computer for each single case, such as
BA-AB-BA or AB-BA-BA. The randomization schedule
will be sent to a pharmacist who is independent of the
study at the ALERT hospital. Prepared study medica-
tions will be delivered, stored and dispensed at the AHRI
pharmacy unit. Randomization codes will be kept by the
ALERT pharmacy. The codes will be broken by the Data
Safety and Monitoring Board (DSMB) if safety concerns
arise. Figure 3 shows the flow of participants through
the trial.

Blinding
Due to lack of encapsulation machines or matching
placebo tablets locally, this N-of-1 study is planned to
be a partially blinded trial. Patients may identify the
physical differences between the two drugs, but will
not know the identity of the medicines that they are
taking unless the enalapril that they are currently pre-
scribed is one of the test agents. This is possible but
unlikely. However, the trial staff will remain blinded
as study medications are prepared by a pharmacist
who is independent of the trial. The importance of
maintaining blinding is emphasized in the patient
education that is a routine part of patient preparation
for participation in the trial.

Selection of doses in the study
Participants in this study are those whose BP is currently
controlled with a regimen including enalapril 5–20 mg.
They will continue on their current dose for the dur-
ation of the trial.

Dose adjustment plan for uncontrolled BP
Standard clinic BP measurement is made at the end of
each 1-week treatment period. Patients included in the
study are those whose BP is controlled at the current
dose and form of enalapril which they are taking. If a pa-
tient’s BP becomes less well-controlled, the dose of enal-
april will be adjusted according to a preplanned protocol
(see Table 2).

Table 1 Identity of investigational products

Description Test product Reference product

Name Envas Ena-Denk

Drug substance Enalapril Enalapril

Administration Per oral Per oral

Formulation Tablet Tablet

Dose 5–20 mg 5–20 mg

Manufactured by Cadila Pharmaceuticals
Ltd., Ethiopia

Denk Pharma,
German

Fig. 3 Flow of participants through the study. * This washout period is an analytic washout period. Blood pressure measurements taken in the
first 2 days of each period will be discarded during the analysis stage to allow for washout
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Concomitant medications
No new medications that could affect BP will be intro-
duced for the duration of this study. Subjects should not
take any traditional medicine for at least 2 weeks prior
to commencing the study, and throughout the conduct
of the study. During the study, subjects are advised not
to take any other antihypertensive medications other
than medications(s) that they were taking at the start of
the study. If concomitant medication is unavoidable in
case of emergency, the use must be reported in the pa-
tient’s diary (comment log) (dose and time of adminis-
tration) and possible effects on the study outcome must
be addressed (see also “Study withdrawal or interrup-
tion”). All other medicines that the patient takes will re-
main constant for the duration of the equivalence test.

Education and instruction for subjects
To be included, participants should be able to demon-
strate that they can measure and record their BP appro-
priately. Before randomization, each eligible participant
will be trained using a standardized protocol for home
BP measurement. Subjects will be trained about the
basic methods of BP self-measurement, the meaning of
BP values, and the monitoring device to be used by the
principal investigator and study physician. Each patient
will be given a digital home BP monitor. Subjects will be
instructed to measure their BP three consecutive times
in the sitting position in the morning before breakfast
and in the evening after dinner. They will also be asked
to visit the study site for follow-up on a weekly basis.
They will be asked to take the respective study medica-
tion in the sitting position together with 250 ml water at
the same time each day.

Sample size estimation
The sample size for the individual N-of-1 trial is 30 BP
readings (twice a day, three times each time) taken from
the last 5 days of each trial period. The selection of a 5-
day period of usable data in our study, and the number of
BP readings required to sufficiently determine whether
the local enalapril is therapeutically equivalent or not, is
based on a previous N-of-1 trial of enalapril by Chatellier
et al. [23]. Their investigation included two successive
studies. In study 1, the variance components of BP and

the choice of treatment period duration were determined
in 35 hypertensive patients who remained untreated dur-
ing the measurements. In study 2, a series of individual N-
of-1 trials of identical design was performed after study 1
completion in 44 other consecutive patients. The first
phase of the study reported that a period of five consecu-
tive days of BP measurement is sufficient to accurately de-
tect a drug-induced fall in BP in a single patient, provided
that there are at least 30 readings in each 5-day trial
period. However, the study did not consider the washout
period and the individual agreement between the two cy-
cles was only moderate at best. The authors recom-
mended a trial of longer periods with three cycles. The 5-
day period is a compromise between acceptability of the
length of the individual trial and the reduction of variance
allowed by the repetition of measurements with time.
An audit of sample sizes for pilot and feasibility trials

undertaken in the United Kingdom reported that the me-
dian sample size for pilot trials was 30 participants per
arm [30]. We assume that a sample size of 30 patients is
adequate to assess feasibility. Considering a 10% dropout,
a total of 33 participants will be included in the study.
Only 10% dropout was considered based on the low drop-
out rate history from a previous cholera trial [31].

Outcome measures
The study physician will assess the patient before and
after each treatment period (each week) and collect
home BP measurement and Side-effect Recording Forms
from the previous week.

Primary outcome
Therapeutic equivalence will be assessed by calculating
change in mean seated systolic blood pressure (SBP).
The minimal clinically important difference (MCID) is
the smallest treatment effect that would lead to a change
in a patient’s management [32]. Based on the academic
literature [33], an average SBP difference of 5 mmHg is
accepted as the MCID. A difference of < 5 mmHg in SBP
between the two treatments is, therefore, considered to
be of no clinical importance. Clinically important dif-
ferences can be defined using a predefined MCID and
confidence interval of the difference of the two treat-
ments [34].

Table 2 Dose adjustment plan

Change in average BP Initial dose Dose adjustment Maximum

< + 5 mmHg Current dose No adjustment – complete the cycle 20 mg

≥ + 5 mmHg Current dose Current dose + 5 mg 25 mg

≤ 5 mmHg fall Current dose No adjustment – complete the cycle 20 mg

≥ 5 mmHg fall and asymptomatic Current dose No adjustment – complete the cycle 20 mg

≥ − 5 mmHg and symptomatic Current dose Current dose − 5 mg 15 mg

BP blood pressure
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Clinically important differences in mean BP readings
between the two treatments can have four interpreta-
tions, depending on the relationship of the MCID of
the intervention to the point estimate (the best single
value of the efficacy of the intervention that has been
derived from the study results) and the 95% CI sur-
rounding it [34] (see Fig. 4):

1. Definite – when the MCID is smaller than the lower
limit of the 95% CI

2. Probable – when the MCID is greater than the
lower limit of the 95% CI, but smaller than the point
estimate of the efficacy of the intervention

3. Possible – when the MCID is less than the upper
limit of the 95% CI, but greater than the point
estimate of the efficacy of the intervention, and

4. Definitely not – when the MCID is greater than the
upper limit of the 95% CI

Criteria to establish therapeutic equivalence

1. Absence of a clinically important difference – for
therapies to be considered equivalent, not only
should the comparison of the efficacies of the two
interventions not reach statistical significance, but
also the upper limit of the confidence interval
should be smaller than the predetermined MCID

2. Equivalence should be evident in at least in two
cycles out of three

Secondary outcomes

1. Change in mean home diastolic blood pressure
(DBP) for both evening and morning diastolic BP
values

2. Change in mean clinic DBP

3. Change in mean clinic SBP
4. Change in mean home DBP measured in the

morning, 24 h after drug intake
5. Change in mean home DBP measured in the

evening, 12 h after drug intake
6. Change in mean home SBP measured in the

evening, 12 h after drug intake
7. Change in mean home SBP measured in the

morning, 24 h after drug intake
8. Feasibility outcome: based on the academic literature

[35], the following criteria will be used to measure
success/acceptability of the pilot study:
(a)Recruitment rate: at least 70% of all eligible

patients can be recruited
(b)Completion rate: at least 80% of all recruited

subjects complete the study
(c)At least 90% of patients took every scheduled

dose of the study drug, and
(d)More than 80% of requested measurements are

obtained and valid. Measurements are considered
invalid when either or both of systolic and
diastolic BP readings are not compatible (less
than 20 mmHg difference)

(e)Patients’ and physicians’ views on the trial
9. Safety outcomes: adverse events (AEs) (number,

severity) identified by patients recording. AEs
recorded by the physician on the AE Case Report
Form (CRF)

Establishing controlled BP
In this study, those with an average clinic BP measure-
ment controlled at 140/90 mmHg or less for up to
12 months will be included. This is because there is a
considerable placebo effect for antihypertensive medi-
cines, which increases after 1 year [36]. Hypertensive pa-
tients who have their follow-up in the ALERT hospital

Fig. 4 Mean clinical difference between two treatments (mean systolic blood pressure (BP)). point estimate of the difference between

groups, 95% confidence intervals, *minimum clinically important difference (MCID)
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usually have a monthly visit schedule. To account for BP
variations, including seasonal ones, BP will be estab-
lished by taking the average of three consecutive BP
measurements taken in at least the last 2 months.

Using home BP measurement
BP self-measurement at home has been shown to be a
sensitive tool, able to detect small changes, frequently
resulting in reduced variability and greater reproducibility
of measurements compared to office BP readings [37, 38].
Blood pressure self-measurement eliminates the white-
coat effect [39]. It also provides better prediction of
organ damage than clinic BP measurement [40, 41] and
reduces the number of subjects necessary for meaning-
ful results in drug trials [42, 43]. The average systolic
BP over 5 days is used to assess the effectiveness of
treatment. Frequent measurement of BP over 5 days nar-
rows the variability of BP around the true mean BP value
[44].. Frequent measurement of BP improves diagnostic
and management capacity [45, 46]. Blood pressure should
be recorded immediately in a study diary.

BP self-monitoring device
A clinically validated digital BP machine will be used for
home blood measurement. A home BP measurement
protocol is developed using standard methodology [47].
Before use by patients, the accuracy of each machine will
be verified at the clinic/trial center.

Safety evaluation and monitoring
Because this is a study of medication that the patient has
been taking, the risk of serious adverse events is min-
imal. All abnormal or unpleasant effects from medica-
tions will be considered as side effects. Individual
patients will collect common side effects using a ques-
tionnaire at home and bring it during their weekly visits.
If a patient develops a serious side effect, the study phys-
ician will take appropriate measures. The most common
side effects of enalapril include increased serum creatin-
ine (20%), dizziness (2–8%), low BP (1–7%), syncope
(2%) and dry cough (1–2%). The most serious common
AE is angioedema (swelling) (0.68%) which often affects
the face and lips, endangering the patient’s airway.
The DSMB consists of two senior members with clinical

and methodological expertise who are independent of the
trial. They will review all documented harms during the
study and adjudicate them with regard to causality.

Study withdrawal or interruption
If a concomitant medication has to be taken that might
influence BP, that person will cease the trial until the
new medicine has ceased or the dose has been stable for
at least 2 weeks. If they wish, the participant can restart

the study, substituting a new randomly packed cycle of
medicines for the interrupted cycle. Unused medicines
from the trial will be discarded. If the person has to con-
tinue on the new medicine, the trial will cease, and the
data collected will be analyzed if at least one cycle has
been completed.
Participants will also be withdrawn from the study

under the following conditions:

� Patient request, patient non-compliance, or the de-
velopment of an exclusion criterion

� If, in the opinion of the treating clinician, the
patient’s interests are best served by withdrawing
from the trial

Data analysis and study result report
Individual study result report
At the end of the trial, BP measurements will be ana-
lyzed and the result will be given to the treating phys-
ician. After looking at these results, the patient and the
treating physician will be able to decide if the local drug
works for treating the patient’s hypertension.

Statistical methods
Analysis will be conducted based on BP measurements
taken in the last 5 days of each of the six periods. The
first 2 days’ BP measurements in each period will be dis-
carded. Based on the academic literature [33], 6 mmHg
is accepted as the MCID. Therefore, a SBP difference
of ≥ 5 is considered clinically significant. A mean change
in evening SBP of < 5 mmHg between the two test medi-
cines in at least two treatment cycles will be considered
as representing TE.
Differences in treatment means will be explored

graphically, and through the paired Student’s t test as
appropriate. Significance will be set at P < 0.05. The data
will also be modeled within a linear mixed-effects mod-
eling framework to account for repeated measures over
time such that between- and within-patient variability
can be captured (and estimated). If the modeling pro-
vides evidence that sources of variability are significant
(e.g., possible relationships between the three readings at
each morning and evening), then appropriate adjust-
ments built in to the model will be retained. From such
a model, population and individual estimates of treat-
ment means can be obtained, and the influence of add-
itional variables. such as treatment order. can be
accounted for (if needed). This statistical analysis will be
undertaken in the R package.
The type and severity of possible side effects of the

study medication and any serious adverse events will be
tabulated for individual patients.
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Data management
Data that will be generated in this study will be appro-
priately documented and checked for validity and accur-
acy. Study data will be managed using the R package.
Data from paper CRFs will be double entered into the
database by two persons independently so that data will
be matched and checked for validity and accuracy before
being endorsed for analysis. Problems with incomplete
and missing data will be resolved in the following ways.
If a patient missed a day of BP measurement, we will
provide a mean score for that period. However, if there
are more than or equal to 2 days’ data missing, we will
not provide a score for that period and that will be indi-
cated in the patient’s report. As per International Con-
ference on Harmonization (ICH) Good Clinical Practice
(GCP) guidelines [48], the investigators will maintain in-
formation in the study subjects’ records which corrobo-
rates the data collected and entered into the CRFs.

Discussion
The numbers of local pharmaceutical industries that
market their products, such as enalapril, without proof
of bioequivalence are dramatically increasing. The Ethi-
opian guideline for registration of medicines states the
need for clinical trial evidence on occasions when PK
bioequivalence is not applicable. The guideline states
that when in-vivo studies using plasma concentration
time-profile data are not suitable, a comparative clinical
trial then has to be performed to demonstrate equiva-
lence between two formulations. However, as stated in
the background, in East Africa including Ethiopia, local
generics are marketed without evidence of effectiveness
obtained through bioequivalence studies or clinical trials.
By bridging the information gap on bioequivalence,

the trial will give rigorous evidence on TE of local enala-
pril in individual patients. If there is no difference be-
tween the two treatments (the hypothesized result), then
patients can take the local cheaper medicine with confi-
dence. This trial will also will determine whether aggre-
gated N-of-1 studies are feasible to provide a population
level estimate of clinical equivalence for untested generic
drugs in resource-limited countries where bioequiva-
lence testing centers are unavailable. If TE is shown, it
will encourage the use of cheaper local drugs by enhan-
cing reliance on local pharmaceutical companies.
However, there are a number of challenges in the design

and conduct of reliable N-of-1 TE studies. Generally,
comparison of drug formulations using TE studies are rec-
ommended if the PK approach is not possible [26, 27]. TE
studies demonstrate that a test formulation has equivalent
efficacy to a reference one. Often times, TE tests using
clinical endpoints are less reliable due to lack of clearly de-
fined endpoints and huge variability in the measured

parameters [26]. Therapeutic equivalence studies with
biomarkers reflecting efficacy endpoints (e.g., BP re-
duction) are more sensitive than TE studies with clin-
ical endpoints (e.g. survival rates, myocardial infarction
and stroke) [26, 27]. Beside, N-of-1 trials are suitable
only in chronic conditions where the drugs or interven-
tions that are to be tested have a relatively short half-
life [24, 25]. The use of technology (e.g., mobiles, BP
machines, etc.) has a significant contribution in stand-
ardizing treatment measures. We are comparing anti-
hypertensive effect (maintenance of BP) which is
amenable to the use of these reliable technologies.
Patients involved in this trial are not blinded. While

double blinding is an ideal option, the need to adapt to
local conditions is also very important. Apart from logis-
tic issues (lack of an encapsulation machine locally),
keeping the design less complex would make the trial re-
semble the usual way of switching drugs except that it is
pre-planned, randomized and closely monitored [49].
Our method of unblinding of patients and keeping study
clinicians and investigators blinded is a compromise be-
tween feasibility and minimal potential effects on re-
ported outcomes. The outcome of the study (BP) could
be affected more than other possible, but not feasible,
outcomes (e.g., serum renin levels). On the other hand,
the use of electronic BP devices will help in standardiz-
ing the measure. The importance of maintaining blind-
ing is part of patient education that is a routine part of
patient preparation for participation in the trial. Study
medications are prepared by an independent pharmacy
unit. Therefore, study investigators and DSMB members
will be blinded. A review of the relevant academic litera-
ture found that three N-of-1 papers, including one
protocol publication on hypertension, were not fully
blinded [22, 23, 49].

Trial status
Currently, 33 patients are enrolled and we expect the
study to be completed by 7 October 2017.
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