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Abstract

Background: Globally, around 10% of patients & 14.7% of patients with hypertension
have true resistant hypertension and apparent treatment resistant hypertension (aTRH)
respectively. Older age, black race, obesity, diabetes & CKD are common risk factors associated
with RH.

Objective: The aim of this study was to measure the prevalence of apparent treatment
resistant hypertension and assess socio demographic, lifestyle & medical related factors associated
with apparent treatment resistant hypertension in hypertensive patients on follow up at cardiology
& nephrology clinic of SPHMMC.

Methods: A cross sectional analytical study was conducted in cardiology & nephrology
clinic of SPHMMC. Using systematic random sampling, 427 patients were selected and included
in the study. The study was conducted from February 2023 - February 2024. Data was collected
both from face-to-face interview & from medical records using data collection checklist which
contains parameters on sociodemographic, lifestyle & medical related questions. Data analysis was
conducted using SPSS version 27.0. Both bivariable & multivariable logistic regression models
were carried out. p-value of < 0.05 in the multivariable logistic regression analysis was considered

as statistically significant.

Result: A total of 427 adult hypertensive patients were enrolled in the study and more than
half 227 (53.2%) were females. The average age of the patients was 54.2 + 14.1 years & average
duration of hypertension was 7.2 + 7.8 years. Around 35% of the patients had family history of
hypertension & 381 (93.8%) of patients had associated comorbidity. Out of the total patients
enrolled, 249 (58.3%) had uncontrolled BP. 19 (4.4 %) of the enrolled hypertensive patients were
found to have apparent treatment resistant hypertension & 2 (0.4%) had pseudo resistant
hypertension due to adherence issues. Furthermore, patients that had CKD as a comorbidity (AOR

3.017; p < 0.05) were significantly associated with aTRH.

Conclusion: Apparent treatment resistant hypertension was found in 4.4% of hypertensive

patients. Hypertensive patients with CKD were significantly associated with aTRH.

Keywords: Apparent treatment resistant hypertension, Resistant hypertension



1. Introduction

1.1. Background of study
Hypertension is the leading modifiable risk factor for cardiovascular disease and death
(1,2). A large number of hypertensive adults still fail to achieve their blood pressure (BP) targets
on 3 antihypertensive medications or require >4 medications to achieve their targets (1). Factors
that may lead to inadequate control of BP are problems with adherence to treatment regimens
(including lifestyle & dietary therapy), failure of physicians to intensify the treatment regimens
(therapeutic inertia), white coat effect (elevated office BP but normal out-of-office BP), or true

treatment-resistant hypertension (1,3).

The 2017 American College of Cardiology/American Heart Association (ACC/AHA)
guideline defines hypertension as office based systolic BP > 130 or diastolic BP > 80, which makes
it different from the other guidelines (4). The European Society of Hypertension (ESH), the
International Society of Hypertension (ISH), as well as the 2016 Ethiopian national guideline for
non-communicable diseases define hypertension, using office-based BP, as a systolic pressure

>140 mmHg or diastolic pressure > 90 mmHg (5-7).

Regarding treatment goals, AHA/ACC guideline, European Society of Cardiology and
European Society of Hypertension (ESC/ESH) and the Ethiopian guideline slightly differ in their
targets. According to the AHA/ACC 2017 guideline, the BP goal of treatment is <130/80 mm Hg
for most individuals (independent of Clinical CVD or 10-year ASCVD risk & comorbidities) but
for older adults the target is systolic < 130 (4). According to the European Society of Hypertension
(ESH), it is recommended that the first objective of treatment should be to lower BP to < 140/80
mmHg in most patients and, provided that the treatment is well tolerated, treated BP values can be
targeted to 130/80 mmHg or lower in most patients up to 79 years old (7). In older patients (= 80
years), it is recommended that SBP should be targeted to a BP range of 140 —150 mmHg (7). The
goal of treatment according to our Ethiopian guideline is to keep BP below 140/90 & for elderly
(>75 years of age) below 150/90 (6). These differing thresholds for definition of hypertension and
targets of treatment affect not only the prevalence of hypertension but also resistant hypertension

in different countries.

RH (Resistant Hypertension) is defined as the BP of a hypertensive patient that remains

elevated above goal despite the concurrent use of 3 antihypertensive agents of different classes,
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commonly including a long-acting calcium channel blocker (CCB), a blocker of the renin
angiotensin system (angiotensin converting enzyme [ACE] inhibitor or angiotensin receptor
blocker [ARB]), and a diuretic. All agents should be administered at maximum or maximally
tolerated doses and at the appropriate dosing frequency. RH also includes patients whose BP
achieves target values on > 4 antihypertensive medications, a condition that has been referred to
as controlled RH. Thus, the term RH refers to hypertension with both uncontrolled and controlled
BP, depending on the number of antihypertensive agents used (1,4).

True RH requires patient adherence to prescribed medications and that the uncontrolled
subset has elevated BP outside the office setting (1). The term apparent treatment RH (aTRH) is
used when >1 of the following data elements are missing: medication dose, adherence, or out-of-

office BP; thus, pseudo resistance cannot be excluded (1,8).

1.2. Statement of the problem

Despite the widespread use of antihypertensive drugs and treatment strategies, many
patients with hypertension still fail to achieve target BP on 3 antihypertensive medications or
require > 4 medications to achieve their targets (1,8). According to a meta-analysis done in 2018,
the global prevalence of true resistant hypertension & apparent treatment resistant hypertension
was estimated to be 10.3% and 14.7% respectively while the overall pooled prevalence of resistant
hypertension in Africa was estimated to be 12.1% (9,10). Regarding our country Ethiopia, only
one study was done in Mekelle hospital & the prevalence of apparent treatment resistant

hypertension was estimated to be 8.6% (11).

Patients with resistant hypertension tend to have poor prognosis b/c they are at higher risk
for CV morbidity & renal outcomes when compared with patients without resistant hypertension
(12—14). And patients with RH are also at an increased CV mortality compared to patients without
RH (13,15,16).

Common risk factors associated with resistant hypertension include older age, black race,
longer duration of hypertension, obesity, chronic kidney disease (CKD), dyslipidemia and diabetes
mellitus (DM). Patients with resistant hypertension are also more likely to have secondary causes

of hypertension as well (1,17) .



Prevalence of resistant hypertension and associated risk factors has been studied in
different countries including Africa but data regarding this topic has not been extensively studied
in our country Ethiopia. There is only one local study that was done in Ethiopia in 2020 in Mekelle
hospital regarding resistant hypertension and associated risk factors & the limitation of their study
was that the investigators used secondary data from the medical charts and so couldn’t ensure that
BP measurement was done with the necessary precautions and also the investigators couldn’t
assess certain variables like sociodemographic factors (employment status, educational status &
monthly income), medical factors (adherence to antihypertensive medications, types of
comorbidities associated with RH in detail), life style factors (physical exercise, alcohol intake,
smoking history). With this study, we assessed these factors as well and ensured precautions for
BP measurement since the data was retrieved both from the medical records and direct patient

interview.

1.3. Significance of the study
For clinicians, knowing the prevalence and associated risk factors of resistant hypertension
enhances their knowledge on the magnitude of the problem & its risk factors in our clinical context
better. It will also help them screen these patients for the commonly associated factors with

resistant hypertension and manage these patients accordingly.

For higher administrative bodies, knowing the prevalence of resistant hypertension will
help them plan and design a system in which these patients can be treated with the specialized care
they need according to their risk since providing better care for such patients will help enhance
their survival and reduce the higher CV morbidity and mortality associated with resistant

hypertension.

Future researchers can use this information as a basis for further research on studying the
prevalence and risk factors associated with resistant hypertension and it also allows more
researches to be done to further consolidate the causal relationship of resistant hypertension with

its factors.



2. Literature review

2.1. Prevalence of resistant hypertension

2.1.1. Global prevalence of resistant hypertension

In 2018, a meta-analysis that included around 3.2 million patients globally with treated
hypertension who participated in 91 studies between 1991 and 2017 reported the overall
prevalence of true RH was 10.3%. The study also showed a high prevalence of aTRH and pseudo-
RH, ~14.7% and 10.3%, respectively (9).

Prevalence of aTRH seems to be higher when an at risk group is selected compared to a
population or clinic based samples. For example, a study that included 3367 hypertensive and
nondialysis CKD patients showed that the prevalence of aTRH was 40.4% in CKD patients (18).
Another cross sectional study that included 1,737 subjects with type 2 diabetes that visited an
outpatient clinic in Japan showed that the prevalence of RH was 21.8% when treatment target of

<140/90 was used (19).

2.1.2. Prevalence of resistant hypertension in Africa

In a systematic review & meta-analysis that included 5 studies from Cameroon, Nigeria,
Burkina Faso, Lesotho and Algeria with a total population of 4,068 patients showed that the
prevalence of resistant hypertension was respectively 11.7%, 4.9%, 14.6%, 14.3% and 19.0%, with
an overall pooled prevalence of 12.1% but the definition of RH was not similar across the studies
(10). Another cross-sectional study which involved 2912 participants with hypertension in five

health facilities in Ghana found that 18.9% of study participants had aTRH (20).

2.1.3. Prevalence of resistant hypertension in Ethiopia

Only single study on resistant hypertension was conducted in our country Ethiopia which
is hospital based cross sectional study which included 338 adult hypertensive patients on follow
up in Mekelle Hospital hypertension clinic & found that prevalence of aTRH was calculated to be
8.6% (11). But the limitation of the study is that they used secondary data from medical registries
and so couldn’t ensure that BP measurement was done with necessary precautions and also the
investigators couldn’t assess certain variables like sociodemographic factors (employment status,
educational status & monthly income), medical factors (adherence to antihypertensive
medications, types of comorbidities associated with RH in detail), life style factors (physical

exercise, alcohol intake, smoking history).



2.2. Prognosis of resistant hypertension
Individuals who are classified as having treatment-resistant hypertension (RH) are at an
increased risk for target organ damage, morbidity, and mortality despite being on antihypertensive

drug therapy (1).

Different retrospective and prospective cohort studies using either the 2008 or the 2018
AHA criteria showed that patients with RH are at higher risk for CV morbidity compared with
patients without RH (12—14,21). In one retrospective cohort study which included 205,750 patients
with incident hypertension showed that those with RH were almost 50% more likely to experience
a CV event (defined as nonfatal MI, CHF, stroke, or CKD) over a median 3.8 years of follow-up
compared to patients without RH but the differences in CV events in this study was largely caused
by the development of CKD(14). In another study which included 470,386 patients, showed that
patients with RH had a 32% increased risk of developing end stage renal disease, a 24% increased
risk of an ischemic heart event, a 46% increased risk of heart failure, and 14% increased risk of
stroke when compared to patients without RH (13). In another prospective study over a period of
3.9 years which included 1911 patients showed that persistent RH compared with never-having

RH was associated with a 2.2-fold increased risk for CV morbidity (12).

RH is also associated with increased CV mortality compared to patients without RH
(13,15,16). In a study that included 7455 hypertensive patients with symptomatic vascular disease,
aTRH were at 27% increased risk of CV mortality (16). Another study that analyzed 6357 adult
hypertensive participants, showed that aTRH was associated with a 47% higher risk of CVD
mortality compared with the non-aTRH group (15).

Some studies have also shown that controlling the BP in patients with RH 1s associated
with reduction of CV events (13,22,23). In a retrospective study which included 470,386
hypertensive patients, the uRH population compared cRH experienced over a 20% increased risk
for CVD and ESRD, underscoring the importance of BP control (13). In the REGARDS study
which included a total of over 14,000 patients, uncontrolled RH was associated with a 2 fold
increased risk of CHD compared with controlled RH but not stroke or mortality (22). In another
study that included 118,356 treated hypertensives, showed that BP control reduced the risk of

incident stroke, coronary heart disease, or heart failure by 13% among those with RH (23).



2.3. Resistant hypertension & associated factors

2.3.1. Sociodemographic factors associated with RH

Two meta-analyses (one that was done globally that included 3.2 million patients & another
in Africa that included 4068 patients) and also other cross-sectional studies have shown that RH is
significantly associated with older age (9,10,24-26). Some metanalysis & cross sectional studies
have also found an association with male sex while others have found significant associations with

female sex (10,24,25). Apparent treatment RH is also significantly associated with black race (24).

A cross-sectional study that was done in Ghana showed significant association of periurban
residence & secondary level education with aTRH relative to those residing in rural dwellings &
those with tertiary level education but there was no significant association of aTRH with sex,

employment status, & monthly income (20).

The prevalence of apparent RH did not seem to differ significantly across the various
regions of the world, according to the setting or income, but income was assessed at a

macroeconomic level rather than at an individual level (9).

2.3.2. Medical related factors associated with RH

2.3.2.1. Comorbidities

Patients with resistant hypertension are more likely to have an identifiable cause of
hypertension (i.e. Secondary hypertension) (1). For example, the DENERHTN trial (renal
denervation for resistant hypertension trial) which included 1,416 patients with resistant
hypertension, 709 (50%) of patients were excluded from receiving denervation because a
secondary cause for the hypertension was identified (27). The common causes of secondary
hypertension are primary aldosteronism (Conn’s syndrome), renal artery stenosis, CKD,
pheochromocytoma, Cushing syndrome, coarctation of aorta & other less common causes include
thyroid abnormalities, primary hyperparathyroidism, congenital adrenal hyperplasia, and

acromegaly (1).

Multiple comorbidities also have been associated with RH like Obesity, diabetes, CKD,
coronary artery disease, LVH, cerebrovascular accident/transient ischemic attack, peripheral
vascular disease, congestive heart failure and OSA which will be further discussed in the section

below.



CKD can be the cause or the complication of poorly controlled hypertension. According to
a metanalysis that included around 3.2 million patients globally, the prevalence of true RH was
higher in patients with CKD (22.9%) & renal transplant (56.0%)(9). Cross sectional studies done
in both Ghana and northern California also showed that there is a 73% more likelihood and 2 times

more likelihood of having aTRH in patients with CKD respectively (20,28).

According to various cross-sectional studies, diabetes was found to be significantly
associated with RH. Studies done in southern & northern California and in sri lanka showed
diabetic patients were 58%, 20% and 67% more likely to have RH compared to those that are not
diabetic (24,26,28). A higher prevalence of hyperlipidemia is also seen in RH patients (29).

In a cross-sectional study that was done in California (that included around 17,000
patients), RH was significantly associated with coronary artery disease, cerebrovascular accident
/transient ischemic attack, peripheral vascular disease & CHF (OR, 1.3, 1.32, 1.29, 2.88
respectively; all P<.05) (28). Similar finding was seen in a metanalysis that was done in Africa &

in cross-sectional studies that done in southern California and Italy (10,24,29).

An association of RH with higher BMI was seen in multiple cross-sectional studies done
in Ethiopia & in western & Asian countries (3,11,28). The study done in mekelle hospital showed
that patients with BMI of >=30 were 12 times more likely to have RH & the study done in south
india showed that patients with BMI of >= 25 were 4 times more likely to have RH (3,11).

2.3.2.2. Family history of hypertension
The genetics of BP & essential hypertension have been extensively investigated, but
evidence on the genetic studies of aTRH are still limited. A cross sectional study that included
1,737 type 2 diabetes patients that visited the outpatient clinic of Jiyugaoka Internal Medicine in
Japan found that family history of hypertension, which is linked to the genetic predisposition to

hypertension, was identified as an independent factor associated with RH (19).

2.3.2.3. Duration of hypertension
Different studies have shown that, as the duration of hypertension increases, the prevalence
of RH increased (3,11,20,26). According to these studies, patients with a duration of hypertension
of > 6 years (study done in mekelle hospital) and > 10 years (study done in south India) were 4.1

times and 3.4 times more likely to have RH respectively (3,11).



2.3.2.4. Medication
Different classes of drugs can result in increment in BP, blunt the effect of antihypertensives
and result in RH. A meta-analysis that included 38 randomized, placebo-controlled trials & 12
randomized but not placebo controlled trials showed that NSAIDs elevate supine mean BP by 5.0
mmHg & NSAIDs antagonized the antihypertensive effect of beta-blockers (BP elevation, 6.2 mm
Hg) more than did vasodilators & diuretics (30).

Other medications (like steroids, erythropoietin, antidepressants & oral contraceptives)
have not been directly linked to aTRH but have significant association with increment in BP in

different studies (31).

2.3.3. Lifestyle related factors associated with RH

There is limitation of studies that show association between physical inactivity & resistant
hypertension but an important clue to the importance of exercise comes from a systematic review
& meta-analysis which included three RCT (144 participants) who were diagnosed with RH &
underwent regular exercise, showed that exercise training intervention (8-12 weeks, 3
sessions/weeks) significantly reduced 24 hr BP (by -9.9 mmHg for systolic BP; and -5 mmHg for
diastolic BP) and daytime ambulatory BP (-11.7 mmHg for systolic; and 7.4mmHg for diastolic
BP) (32).

Different meta-analysis and cross-sectional studies have shown the association between
alcohol intake, cigarette smoking and amphetamine use with increase in BP but there a limitation

of studies highlighting the associations of these factors with aTRH (33-35).
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Figure 1. Conceptual frame work



3. Objective of the study

3.1. General objective
- To determine the prevalence of apparent treatment resistant hypertension (aTRH) and
determine factors associated with aTRH among hypertensive patients attending
cardiology and nephrology follow up at St Paul hospital millennium medical collage
3.2. Specific objective
- To determine the prevalence of apparent treatment resistant hypertension (aTRH)
among hypertensive patients attending cardiology & nephrology follow up at St Paul
hospital millennium medical collage
- To determine sociodemographic factors associated with apparent treatment resistant
hypertension (aTRH)
- To determine medical related factors associated with apparent treatment resistant
hypertension (aTRH)
- To determine lifestyle related factors associated with apparent treatment resistant

hypertension (aTRH)

10



4. Methods
4.1. Study design

The study design was a cross-sectional, analytical study.

4.2. Study area & period

4.2.1. Study area

The study was conducted in cardiology & nephrology clinic of St Paul’s hospital
Millennium Medical College. SPHMMC was selected because it is one of the largest tertiary care
centers in the country and it is one of the areas where high risk patients are referred. The cardiology
and nephrology clinic were selected because hypertensive patients are usually referred to these

clinics for their follow up at SPHMMC.

St Paul’s Millennium Medical College is located in Addis Ababa, Ethiopia & it was
established in 1968 by the late Emperor Haile Selassie. The college has more than 2800 clinical,
academic and administrative and support staffs that provide medical specialty services to patients
who are referred from all over the country, teaching medicine and nursing students and doing basic
and applied researches. While the inpatient capacity is more than 700 beds, the College sees an

average of 1200 emergency and outpatient clients daily (36).

The cardiology clinic runs from Monday to Wednesday (it is open both in the morning &
afternoon) and the nephrology clinic runs on Monday, Wednesday and Friday (it is open in the
morning only). The average number of hypertensive patients who came for follow-up per month
on year 2022 at the cardiology and nephrology clinic was around 360 patients. Patients who have

insurance are given available medications in the hospital for free during follow-up visits.

4.2.2. Study period
The study was conducted from October 2023 — January 2024.

4.3. Population

4.3.1. Source population
- Adult (>18 years of age) hypertensive patients having regular follow up at cardiology

or nephrology clinic of St Paul hospital millennium medical collage

11



4.3.2. Study population

- Adult hypertensive patients who have regular follow-up at the cardiology or
nephrology clinic of St Paul hospital millennium medical college and those who fulfill
the inclusion criteria

4.4. Eligibility criteria

4.4.1. Inclusion criteria

- Adult (> 18 years of age) patients on follow up for hypertension at the cardiology or
nephrology clinic of St Paul hospital millennium medical college and

- Patients on management for hypertension at SPHMMC for more than 3 months

4.4.2. Exclusion criteria

- Patients who are too ill/unable to answer the questionnaire

- Pregnant women

- Patients with mid arm circumference of <22 cm or > 45 cm

4.5. Sample size determination & sampling technique

4.5.1. Sample size determination

Previous studies done either in Ethiopia or nearby African countries with a study design &
operational definition for aTRH similar to this current study was not found. For this reason, the
proportion of patients with apparent treatment resistant hypertension was assumed to be 50% with
absolute precision of 5% and 95% confidence level, the calculated sample size was 384.
Considering a non-response rate of 10%, we included 427 hypertensive patients for the study.

Sample size was calculated using the formula depicted below:
The sample size for this study was calculated using the formula depicted below
n=/2P(1-P)/d2 = (1.96)2*0.5*0.5/ (0.05)2= 384.1 approximated to 384

Where n is the sample size, Z is the statistic corresponding to level of confidence, P is

expected prevalence, and d is precision
Final sample size= Effective sample size/ (1- non response rate anticipated)
Non response rate expected was 10%

Final sample size = 384/1- 0.1 = 426.6 rounded off to 427
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4.5.2. Sampling technique

In order to choose the sample for this study, systematic random sampling technique was
used. The cardiology & nephrology clinics each run 3x/week and so we visited the clinics on those
days. Data was collected from 215 patients on follow up at the cardiology clinic during the first 2
months of data collection and from 212 patients on follow up at the nephrology clinic for the last

2 months of the data collection period which gives a total of 427 patients included in the study.

After reviewing the monthly patient flow of the St Paul hospital from the registration
books, the average number of hypertensive patients who came for cardiology or nephrology clinic
follow-up per month on year 2022 was around 360. And so, the expected number of hypertensive
patients on follow up for 4 months was 1,440 patients, from which 427 patients were included in
the study. On each day of study, we first selected all the patients with hypertension from the daily
clinic register. These patients were arranged in ascending order according to their clinic number.
The first patient was chosen randomly from hypertensive patients and then every 3rd patient

thereafter was invited for the study.
The sampling interval was calculated as follows

The interval for selecting the sample, k = Ni/ni (where Ni = expected number of
hypertensive patients on follow up at cardiology clinic/ nephrology clinic for 4 months and ni =

the calculated sample size)
k =1440/427 = 3.3 rounded off to 3

4.6. Study variables

4.6.1. Independent variables
- Socio demographic factors - Age, Sex, Residence, Educational status, Employment
status, Monthly income
- Lifestyle-related factors - Cigarette smoking, Alcohol intake, Chat consumption and
Physical activity
- Medical related factors - Duration of hypertension, Family history of hypertension,
Presence of comorbidities (including DM, IHD, CKD, dyslipidemia, CVA, other causes

of secondary hypertension) and Medications (including number, doses of
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antihypertensive medications, intake of other medications such as NSAIDs, steroids,
antidepressants, erythropoietin, etc.) and adherence to medication.
4.6.2. Dependent variable
- Apparent treatment resistant hypertension (both controlled and uncontrolled
4.7.  Operational Definitions
Uncontrolled hypertension was defined as office blood pressure measurement of SBP > 140
and/or DBP > 90 mm of Hg. Controlled hypertension was defined as office blood pressure
measurement of SBP <140 and DBP <90mm of Hg.

Uncontrolled resistant hypertension (RH) was defined as office blood pressure SBP > 140
and/or DBP >90 mm of Hg on three or more antihypertensive drugs with maximal dose or
maximally tolerated doses including a diuretic. Controlled resistant hypertension (RH) was defined
as office blood pressure SBP <140 and DBP <90mm of Hg on 4 or more antihypertensive drugs,
provided that at least three of the antihypertensive drugs are at maximal dose or maximally

tolerated doses including a diuretic.

Apparent treatment resistant hypertension is used when patients fulfill the definition of RH
but either adherence to medication or AMBP measurement is unknown. Patients who fulfill the
definition of RH but are either non adherent to their medication or for whom AMBP measurement

was used to rule out resistance were considered to be pseudo resistant.

Adherence to antihypertensive medications was assessed using the Morisky Green Levine

adherence scale 8 (37).

BMI was categorized according to WHO classification — below 18.5 as underweight,
between 18.5 — 24.9 as normal weight, between 25 — 29.9 as pre obesity/ overweight, more than

or equal to 30 as obesity.

Physical activity was defined as adequate if 30 minutes of aerobic exercise five times per
week for a total of 150 minutes per week and considered inadequate if it doesn’t fulfill these

criteria.

Excess alcohol consumption was defined as >1 alcoholic drink per week for women and >2
alcoholic drink per week for men. A drink is defined as 14 gram of pure alcohol which is found in

12 ounces of regular beer which is usually about 5% of alcohol, 5 ounces of table wine which is
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typically about 12 % of alcohol, 1.5 ounces of distilled spirits (gin, rum, tequila, vodka, whisky
etc) which is about 40% of alcohol (4).

4.8.  Data collection tool, methods & procedures

Data collection was done both from face-to-face interviews with patients & from patient
chart by trained data collectors (6 internal medicine residents & 2 interns). Data was collected
using pretested and structured questionnaire which was adopted from different kinds of literature
of similar studies (3,11,20). And data regarding comorbidities and number and types of medication

intake was taken from the patient’s medical records.

BP was measured with a well calibrated Digital sphygmomanometer (oscillometeric BP
measurement). The instrument used for measurement in this study is the YuWell YE660D
oscillometric upper-arm blood pressure (BP) with arm circumference of 22—45 cm (wide range)
and has been validated for clinic and home BP measurements in adults after passing the
requirements of the Advancement of medical instrumentation/European society of
hypertension/International organization for standardization Universal Standard (ISO 81060-2 :
2018) and its Amendment 1. 2020 (38).

Regarding the measurement of BP, standard precautions were used. The dominant arm was
used for BP recording. Adult cuff size was used for all patients with an arm circumference of 22 —
45 cm since the digital sphygmomanometer could only allow measurement for this specified range
of arm circumference (MUAC was measured for all patients). Participants were advised to empty
their bladder if needed. No smoking, food, exercise, or intake of caffeine within 30 minutes
preceding the measurement was ensured. Participants were seated comfortably for 5 min before
beginning the BP measurements. The BP cuff was positioned at the level of the heart, with the
participant’s back and arm supported, legs uncrossed and feet flat on the floor. No talking during
measurement. BP was rechecked after 5 minutes. The second reading was taken as the actual blood

pressure of the patient.

Adherence to antihypertensive medications was assessed using the Morisky Green Levine
adherence scale 8. And response choices were “yes” or “no” for items 1 through 7 and Item 8 has
a five-point Likert response scale. Each “no” response was rated as 1 and each “yes” response was
rated as 0 except for item 5, in which each “yes” response was rated as 1 and each “no” response

is rated as 0. For Item 8, the code (0-4) was standardized by dividing the result by 4 to calculate a
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summated score. Total scores on the MMAS-8 ranged from 0 to 8, with scores of 8 taken as high

adherence, 6 to < 8 taken as medium adherence, and <6 taken as low adherence (37).

Regarding the BMI, the weight and height of the participants was measured once by the data

collectors after the interview.

4.9. Data quality control

The quality of the data was ensured through training of data collectors and supervisors, close
supervision and prompt feedback. The training consisted of instruction on interview techniques as
per the prepared tool. Data was checked for completeness, consistency, clarity and appropriate

corrections were made by the two supervisors and principal investigator on a daily basis.

4.10. Data processing & analysis
Data entry and Data analysis was conducted using statistical package for the social sciences
(SPSS) version 27.0. Simple frequency, percentage, mean, and standard deviations were calculated

as descriptive statistical analyses.

A binary logistic regression model was used to identify the factors associated with aTRH.
Both bivariable and multivariable logistic regression models were carried out. Variables with a p-
value of < 0.2 in the bivariable analysis were entered into the multivariable analysis. Both the
crude odds ratio (COR) and adjusted odds ratio (AOR) with 95% Confidence interval were
estimated to show the strength of associations. Finally, a p-value of < 0.05 in the multivariable

logistic regression analysis was used.

4.11. Ethical considerations
Ethical clearance was obtained from the SPHMMC institutional review board (IRB) prior
to conducting the research. Permission was sought from the school of administration to carry out

the research.

Participants were informed about the purpose, objectives, and their right to participate and
not to participate in the study. Eligible patients were enrolled in the study after taking verbal
informed consent and each patient’s name & other identification revealing information was kept

confidential.
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4.12. Result dissemination

The results of this study will be submitted to the department of Internal medicine & Public
health, SPHMMUC in partial fulfillment of the requirement for the specialty certificate in internal
medicine. It will also be presented to the Cardiology unit. In addition, the findings will be
distributed to major tertiary care centers in the country. The results will be published in peer

reviewed journals.
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5. Result

5.1.  Sociodemographic characteristics of the studied population

In this study, we included 215 hypertensive patients from the cardiac clinic & 213
hypertensive patients from the nephrology clinic which is a total of 427 adult hypertensive patients.
From the total patients enrolled, 227(53.2%) were females and 200(46.8%) were males. The
average age (mean + SD) of the patients was 54.2 + 14.1 years. 81 (19%) of the hypertensive
patients were classified in the age category of 39 years old or less while 171(40%) were in the age
of 4059 years old & the rest 175(41%) were age 60 & above. Of the total patients enrolled, 80%
had income of <=4999 birr and 59% were unemployed. Around 90% of the patients had urban
residence (Table 1).

Table 1- Sociodemographic characteristics of hypertensive patients
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5.2.  Medical characteristics of the studied population

Around 35% of the patients had family history of hypertension and duration of hypertension
was >= 6 years in 43.8% of the patients. The average duration of hypertension since diagnosis was
7.2 + 7.8 years which ranged from a minimum of 3 months to a maximum of 40 years. Almost
half, 207 (48.5%) of the enrolled patients had a normal BMI (18.5 — 24.9kg/m?2) and around 195
(45.2%) were above the normal BMI. The average BMI (Mean + SD) of the analyzed patients was
25 +£4.9 kg/m2 (table 2).

Concerning the frequency of antihypertensive medications prescribed, Calcium channel
blocker was the most frequently prescribed medication accounting for 36.3% followed by ACE
inhibitor (23.5%) and diuretic (23%) (Figure 2, table 2). And most hypertensive patients were
taking single antihypertensive medication (37.5%) or dual antihypertensive medications (38.9%)
while patients receiving three or more medications were 23.7%. And around 20.8% of patients
with uncontrolled BP were on single antihypertensive medication and 23.4% of patients with

uncontrolled BP were on dual antihypertensive medications (Figure 3).

Frequency of Antihypertensive Medications

40

30

Percent

20

10

CcCB ACEinhibitors diuretic beta blocker ARB centrally acting
alpha agonist

Antihypertensive medications

Figure 2 — Frequency of antihypertensive medications prescribed to patients
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NUMBER OF ANTIHYPERTENSIVE
MEDICATIONS AND CONTROL OF
HYPERTENSION

H controlled = uncontrolled

23.40%

ONE ANTIHYPERTENSIVE TWO ANTIHYPERTENSIVE THREE OR MORE
MEDICATION MEDICATION ANTIHYPERTENSIVE
MEDCAITION

Figure 3 — Number of antihypertensive medications & control of hypertension

From the total patients enrolled in the study, 381(93.8%) of patients had associated
comorbidity & 46 (6.2%) of the patients had no associated comorbidity. 20.8% of the patients had
associated CKD as comorbidity and 14.4% of patients had diabetes mellitus (table 2).

Regarding medications other than antihypertensives, 75.5% of patients enrolled on the
study had medications other than antihypertensive while 24.5% of patients had no medication
prescribed other than antihypertensive. 11.9% of the patients were taking NSAID in addition to

their antihypertensive medications (table 2).

Table 2 — Medical characteristics of hypertensive patients
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6 1.4% 125 29.3%
2 0.5% 60 14.1%
10 1.4% 96 13.0%
0 0.0% 10 1.4%
0 0.0% 1 0.1%
2 0.3% 29 3.9%
0 0.0% 6 0.8%
3 0.4% 35 4.7%
0 0.0% 5 0.7%
13 1.8% 140 19.0%
1 0.1% 28 3.8%
1 0.1% 50 6.8%
1 0.1% 24 3.3%
14 1.9% 222 30.1%
0 0.0% 46 6.2%
12 1.5% 179 22.0%
2 0.2% 19 2.3%
17 2.1% 96 11.8%
16 2.0% 279 34.3%
19 2.3% 168 20.7%
1 0.1% 5 0.6%
2 0.4% 23 4.4%
5 1.0% 57 10.9%
1 0.2% 6 1.1%
1 0.2% 27 5.2%
16 3.1% 257 49.1%
2 0.4% 126 24.1%

aTRH — apparent treatment resistant hypertension

A Other comorbidity — benign and malignant tumors, BOO, obstructive lung diseases, infection, arthritis,
brady and tachyarrhythmia & conduction abnormalities, cystic diseases, electrolyte abnormalities,
hypothyroidism, neuropathies, VHD, viral hepatitis, MASLD, movement disorders, seizure disorders,
ophthalmologic disorders, hematologic disorders, nephrotic and nephritic syndrome, intervertebral disc
abnormalities, psychiatric disorders, esophageal abnormalities, thrombosis, uremia, vitamin deficiencies,
dermatitis, metabolic bone disorders, CMP, nephrolithiasis, cholelithiasis, hernia, varicose vein
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* Other medications — statin, antiviral, antibiotics, SGLT2 inhibitors, oral and injectable hypoglycemic
agents, antiepileptics, phosphodiesterase 5 inhibitors, PPI, anticoagulants, antiplatelet, vitamin
supplements, calcium & iron supplements, xanthine oxidase inhibitors, alpha blocker, antihistamine,
antithyroid agent, antipsychotic medications, thyroxine supplement, immunomodulators, folate
supplement, digitalis glycosides, bronchodilator, potassium binder, antiparkinsonian agents, expectorant,
anti inflammatory agents

From the total patients enrolled, 300 (70.3%) of the patients had high adherence to their
antihypertensive medications and the rest 127 (29.8%) had medium to low adherence to

medication (Figure 4).

LEVEL OF ADHERENCE

medium
adherence
16%

high adherence
70%

Figure 4- level of Adherence to antihypertensive medication among hypertensive patient

5.3.  Life style characteristics of the studied population
Regarding life style factors, 60.7% of the total enrolled patents had adequate physical
activity and >90% of the patients have never used cigarette, were not using chat at the time of the

study period and were not having excess alcohol consumption (table 3).
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Table 3- Lifestyle characteristics of hypertensive patients

5.4. Prevalence of apparent treatment resistant hypertension (controlled and

uncontrolled aTRH)

Patients that fulfilled the operational definition for resistant RH (controlled or uncontrolled)
were 21(4.9%) out of the total enrolled patients. And 2(0.4%) out of 21(4.9%) of patients had
medium to low adherence to antihypertensive medication whereas 19(4.4%) of patients had high
adherence. And so only patients with high adherence were finally included into the apparent
treatment resistant hypertension 19(4.4%) & those with medium to low adherence 2(0.4%) were

regarded as pseudo resistant due to adherence issues (Figure 5).
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Figure 5 — Prevalence of aTRH and pseudo resistant hypertension

Apparent

treatment
resistant

19 (4.4%)

The average SBP of the patients in the entire follow up was 141.5 + 20.8 mmHg and the
average DBP of was 84.7 + 11.8 mmHg.

Overall, 249 (58.3%) of the patients studied had uncontrolled BP and 178 (41.7%) had
controlled BP. In regards to hypertension control among aTRH and non aTRH, 241 (56.4%) of the
non treatment resistant patients had uncontrolled BP while 8 (1.9%) of the apparent treatment
resistant patients had uncontrolled BP (Table 4).

Table 4 — Hypertension control in apparent treatment resistant hypertension (aTRH) & non

apparent treatment resistant hypertension

11 (2.6%)| 167 (39.1%)| 178 (41.7%)

8(1.9%)| 241(56.4%)| 249 (58.3%)

19 (4.4%)| 408 (95.6%) | 427 (100.0%)
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5.5. Factors associated with aTRH

Bivariable logistic regression was done and 6 factors were found to have p value of < 0.2
(these are gender, residence, diabetes mellitus, CKD, NSAID use and excessive alcohol use) (table
4). These variables were then entered into multivariable logistic regression. In the multivariable
logistic regression, the presence of CKD as a comorbidity in hypertensive patients was found to
be significantly associated with presence of apparent treatment resistant hypertension (P value of
<0.05) (table 5).

There was no significant association between other comorbidities (other than CKD) and
apparent treatment resistant hypertension. The study also did not find a significant association
between aTRH and sociodemographic factors (age, educational status, gender, employment status,
monthly income), life style factors (physical activity, smoking cigarette, chat use and excessive
alcohol intake), other medical factors (like duration of hypertension, family history of

hypertension, use of medications like steroid, antidepressants, NSAIDS or erythropoietin)

Table 5 — Bivariable and Multivariable logistic regression result of factors associated with

apparent treatment resistant hypertension

Variable Category aTRH Bivariable logistic regression Multivariable logistic regression
Yes No COR P AOR P value
value

Gender Male 13 (6.5%) | 187(93.5%) | 2.561(0.955-6.869) | 0.062 1.709(0.599-4.879) 0.317
Female 6(2.6%) 221(97.4%) 1 1

Residence Urban 15(3.9%) | 367(96.1%) | 0.419(0.133-1.322) | 0.138 | 0.442(0.133-1.469) 0.183
Rular 4(8.9%) 41(91.1%) 1 1

Diabetes Yes 10(9.4%) 96(90.6%) 3.611(1.426-9.145) | 0.007 | 2.154(0.788-5.886) 0.135
mellitus No 9(2.8%) | 312(97.2%) 1 1

CKD Yes 13(8.5%) | 140(91.5%) | 4.148(1.543-11.148) | 0.005 | 3.017(1.044-8.717) | 0.041*
No 6(2.2%) 268(97.8%) 1 1

NSAID use Yes 5(8.1%) 57(91.9%) 2.199(0.763-6.340) | 0.145 1.913(0.622-5.886) 0.258
No 14(3.8%) | 351(96.2%) 1 1

Excessive Yes 1(6.7%) 5(83.3%) 4.478(0.497-40.345) | 0.181 | 3.106(0.309-31.252) 0.336
AIEZZ()' No 18(4.3%) | 403(95.7%) 1 1

* Indicates p value of <0.05, AOR — adjusted odds ratio, COR — crude odds ratio

1 indicates the reference used
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6. Discussion

Even though antihypertensive drugs are being widely used and different treatment
strategies are available, patients with hypertension still fail to achieve target BP on 3
antihypertensive medications or require > 4 medications to achieve their BP targets (1,8).
According to different studies, Individuals who are classified as having treatment-resistant
hypertension (RH) are at an increased risk for target organ damage, morbidity, and mortality
despite receiving antihypertensive drug therapy (1). This research is assumed to be the second
research done regarding treatment resistant hypertension in this country. According to this study,
19(4.4 %) of the enrolled hypertensive patients were found to have apparent treatment resistant
hypertension and 2(0.4%) of patients were found to have pseudo resistance due to adherence
problems. Out of the 4.4% of patients found to have aTRH, 8(1.9%) were found to have
uncontrolled aTRH and 11(2.6%) were found to have controlled aTRH. Furthermore, the presence
of chronic kidney disease as a comorbidity was significantly associated with apparent treatment

resistant hypertension.

This study found aTRH on 19 hypertensive patients on follow up at the cardiac and renal
clinic, which made the prevalence of apparent treatment resistant hypertension to be 4.4%. This
finding is quite lower when compared to the prevalence of RH in another study done in Ethiopia,
Mekelle hospital which illustrated aTRH prevalence of 8.6%(11). This difference might have
occurred due to several reasons. The first being the study from Mekelle hospital used secondary
data from medical registries and couldn’t ensure whether BP measurement was done with
necessary precautions whereas in this study direct interview with patients at the clinic during their
follow up was used and BP measurement precautions were ensured. The second reason is the study
done in Mekelle didn’t assess adherence using validated scales in the enrolled patients so was not
able to exclude patients who had pseudo resistance due to adherence issues. The third reason is
study done in Mekelle university used secondary data so did not specify which method was
commonly used to measure BP whereas this study used well calibrated Digital sphygmomanometer

(oscillometeric BP measurement) for BP measurement.

The prevalence of aTRH in this study is also lower when compared to a systematic review
& meta-analysis that included 5 studies from Cameroon, Nigeria, Burkina Faso, Lesotho and

Algeria which had an overall pooled prevalence of aTRH to be 12.1% and another cross-sectional
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study done in five health facilities in Ghana that also found a prevalence of aTRH to be 18.9%
(10,20). The reason for this maybe the operational definition of RH used in these African countries
was different compared to this study in regards to the BP thresholds used, the number & dose of
medications required and whether the presence of diuretic was required to define RH or not. The
systematic review and metanalysis done in 5 countries in Africa also included studies that had

retrospective study design and adherence to antihypertensive medications was not assessed.

In contrast, the prevalence of aTRH done in this study is higher when compared to a study
done in Israel (included around 170, 000 patients), which showed that prevalence of aTRH to be
2.2% but the study only assessed the prevalence of uncontrolled resistant hypertension not
controlled RH (39). When considering studies done on a global scale, the prevalence for aTRH in
this study is lower when compared to meta-analysis (included 3.2 million patients globally) that
found the prevalence of true RH to be 10.3% (9). The reason for this difference may be due to the
underrepresentation of Africa (since the number of studies that were included from Africa were 5
out of the total 91 studies) and some of the studies that were included in the metanalysis were
retrospective studies and methods of BP measurement as well as the definition of RH used were

different among the studies included.

The lower prevalence of aTRH in this study may also be due to failure to escalate the
antihypertensive medications in timely manner by physicians since 20.8% of patients with
uncontrolled BP were on single antihypertensive medication and 23.4% of patients with

uncontrolled BP were on dual antihypertensive medications.

CKD can be the cause or the complication of poorly controlled hypertension. In this study,
patients who had CKD as a comorbidity were 3 times more likely to have apparent treatment
resistant hypertension (aTRH) than patients without CKD (AOR 3.017, p value <0.05). There are
many studies advocating this finding. In a metanalysis that included around 3.2 million patients
globally, the prevalence of true RH was higher in patients with CKD (22.9%) & renal transplant
(56.0%) (9). Similar finding was also seen in a cross sectional study done in Ghana, which showed
there is a 73% higher adjusted risk of aTRH in patients with CKD (20). Two cross-sectional
studies, one that were done in northern California (that included 17,466 patients) and the other in
southern California (that included 470,386 patients) also showed that CKD patients were 2.1 times

and 1.8 times more likely to have resistant hypertension (24,28). These findings show that more
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focus should be put on CKD patients treated for Hypertension since they are at an increased risk
for CV morbidity and mortality both due to CKD itself and concomitant higher likelihood of

resistant hypertension in these patients.
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7. Strength of the study

The study has included adequate sample size of 427 hypertensive patients attending the
cardiac and renal clinics

BP for all patients was measured using well calibrated Digital sphygmomanometer
(oscillometeric BP measurement) and since the data collection was also made by direct
interview it was possible to measure BP using the standard precautions needed

The study was able to assess adherence using the Morisky Green Levine adherence scale
8 and was able to find patients with pseudo resistance.

The study was also able to collect sociodemographic data and life style related factors since
the mode of data collection for the study was both from direct interviews and medical
records

To my knowledge, this is the second study on the subject of resistant hypertension among
our country Ethiopia. And so, it can contribute to the global efforts that are being made to

determine the prevalence of resistant hypertension and identify factors associated with it.

8. Limitation of the study

The prevalence of resistant hypertension might be an over estimation since the study was
not able to rule out white coat effect using 24 hr ambulatory BP measurement. 24 hr
Ambulatory BP measurement was not done because the sample size of the study was large
which resulted in inadequate time left in the study period to filter out patients with resistant
hypertension and then appoint them for ambulatory BP measurement (AMBP).

The study did not include other clinics like endocrine clinics and it did not include other
tertiary care centers other than SPHMMC which might have under estimated prevalence of
apparent treatment resistant hypertension

The study design was cross sectional and so it is unable to affirm the causal relationship
between the variables and treatment resistant hypertension

Since the study was conducted in a tertiary care center the results may not be representative
of the general population, primary or secondary health care centers

This study did not assess association between diet (salt intake, fruit and vegetable intake)
and resistant hypertension in an objective manner and these factors may have effect on

blood pressure
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The mode of BP measurement was digital sphygmomanometer and the BP cuff size for the
device allows only arm circumference of 22 to 45 to be measured and due to this reason
patients with arm circumference of <22 and > 45 cm were excluded from the study.

Even though BP measurement precautions were adhered to there were patients in whom
we could not use the dominant arm especially in the renal clinic since those patients had

AV fistula created for dialysis purposes or injury to their dominant arm.
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9. Conclusion

Prevalence of apparent treatment-resistant hypertension and pseudo resistant hypertension
among hypertensive patients on follow up at cardiac and renal clinic in SPHMMC is 4.4% and
0.4% respectively. Hypertensive patients that had chronic kidney disease as a comorbidity were
more likely to have apparent treatment resistant hypertension compared to those patients that did

not have CKD (P value of <0.05).

10. Recommendation

Apparent treatment resistant hypertension is not uncommon and patients with resistant
hypertension should be worked up for comorbidities (especially associated renal abnormalities)
and timely measures should be taken to control their blood pressure to target levels. And more

emphasis should be put for future studies to estimate the prevalence of true resistant hypertension.

Regular reminders by physicians to patients regarding the benefit of adherence to
antihypertensive medications and adequate physical activity as well as timely escalation of
medications in patients who have uncontrolled BP may help reduce the high number of patients

with uncontrolled hypertension.

31



11. References

1.

10.

11.

12.

Carey RM, Calhoun DA, Bakris GL, Brook RD, Daugherty SL, Dennison-Himmelfarb CR, et al.
Resistant hypertension: Detection, evaluation, and management a scientific statement from the
American Heart Association. Hypertension. 2018 Nov 1;72(5):E53-90.

Roth GA, Mensah GA, Johnson CO, Addolorato G, Ammirati E, Baddour LM, et al. Global
Burden of Cardiovascular Diseases and Risk Factors, 1990-2019: Update From the GBD 2019
Study. J Am Coll Cardiol. 2020 Dec 22;76(25):2982-3021.

Mahapatra R, Kaliyappan A, Chinnakali P, Hanumanthappa N, Govindarajalou R, Bammigatti C.
Prevalence and Risk Factors for Resistant Hypertension: Cross-Sectional Study From a Tertiary
Care Referral Hospital in South India. Cureus. 2021 Oct 14;

Whelton PK, Carey RM, Aronow WS, Casey DE, Collins KJ, Dennison Himmelfarb C, et al. 2017
ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for the
Prevention, Detection, Evaluation, and Management of High Blood Pressure in Adults: A Report
of the American College of Cardiology/American Heart Association Task Force on Clinical
Practice Guidelines. Hypertension. 2018 Jun;71(6).

Unger T, Borghi C, Charchar F, Khan NA, Poulter NR, Prabhakaran D, et al. 2020 International
society of hypertension global hypertension practice guidelines. Vol. 38, Journal of Hypertension.
Lippincott Williams and Wilkins; 2020. p. 982—-1004.

FEDERAL DEMOCRATIC REPUBLIC OF ETHIOPIA MINISTRY OF HEALTH Guidelines on
Clinical and Programmatic Management of Major Non Communicable Diseases.

Mancia G, Kreutz R, Brunstr M, Burnier M, Grassi G, Januszewicz A, et al. ESH Guidelines
[Internet]. Vol. 41, www.jhypertension.com. 2023. Available from:
http://journals.lww.com/jhypertension

Alsharari R, Shantsila E, Lip GYH, Shantsila A. Revisiting the diagnosis of ‘resistant
hypertension’: what should we do nowadays’. Vol. 36, Journal of Human Hypertension. Springer
Nature; 2022. p. 337-40.

Noubiap JJ, Nansseu JR, Nyaga UF, Sime PS, Francis I, Bigna JJ. Global prevalence of resistant
hypertension: a meta-analysis of data from 3.2 million patients. Heart [Internet]. 2019 Jan 1 [cited
2023 Jan 6];105(2):98—105. Available from: https://heart.bmj.com/content/105/2/98

Nansseu JRN, Noubiap JIN, Mengnjo MK, Aminde LN, Essouma M, Jingi AM, et al. The highly
neglected burden of resistant hypertension in Africa: a systematic review and meta-analysis. BMJ
Open. 2016;6(9).

Asgedom SW, Amanuel K, Gidey MT, Niriayo YL, Gidey K, Atey TM. Treatment resistant
hypertension among ambulatory hypertensive patients: A cross sectional study. PLoS One. 2020
Apr 1;15(4).

Tsioufis C, Kasiakogias A, Kordalis A, Dimitriadis K, Thomopoulos C, Tsiachris D, et al.
Dynamic resistant hypertension patterns as predictors of cardiovascular morbidity: A 4-year
prospective study. J Hypertens [Internet]. 2014 [cited 2023 Jan 6];32(2):415-22. Available from:
https://journals.lww.com/jhypertension/Fulltext/2014/02000/Dynamic_resistant_hypertension_patt
erns_as.28.aspx

32



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Sim JJ, Bhandari SK, Shi J, Reynolds K, Calhoun DA, Kalantar-Zadeh K, et al. Comparative risk
of renal, cardiovascular, and mortality outcomes in controlled, uncontrolled resistant, and
nonresistant hypertension. Kidney Int [Internet]. 2015 [cited 2023 Feb 7];1(1):622-32. Available
from: http://www.kidney-international.org

Daugherty SL, Powers JD, Magid DJ, Tavel HM, Masoudi FA, Margolis KL, et al. Incidence and
Prognosis of Resistant Hypertension in Hypertensive Patients. Circulation. 2012 Apr
3;125(13):1635-42.

Kaczmarski KR, Sozio SM, Chen J, Sang Y, Shafi T. Resistant hypertension and cardiovascular
disease mortality in the US: Results from the National Health and Nutrition Examination Survey
(NHANES). BMC Nephrol. 2019 Apr 25;20(1).

Groenland EH, Bots ML, Asselbergs FW, de Borst GJ, Kappelle LJ, Visseren FLJ, et al. Apparent
treatment resistant hypertension and the risk of recurrent cardiovascular events and mortality in
patients with established vascular disease. Int J Cardiol [Internet]. 2021 Jul 1 [cited 2023 Feb
6];334:135-41. Available from:
http://www.internationaljournalofcardiology.com/article/S0167527321007361/fulltext

Williams B, Mancia G, Spiering W, Rosei EA, Azizi M, Burnier M, et al. 2018 ESC/ESH
Guidelines for themanagement of arterial hypertension. Vol. 39, European Heart Journal. Oxford
University Press; 2018. p. 3021-104.

Thomas G, Xie D, Chen HY, Anderson AH, Appel LJ, Bodana S, et al. Prevalence and Prognostic
Significance of Apparent Treatment Resistant Hypertension in Chronic Kidney Disease: Report
from the Chronic Renal Insufficiency Cohort Study. Hypertension [Internet]. 2016 Feb 1 [cited
2023 Feb 13];67(2):387-96. Available from:
https://www.ahajournals.org/doi/abs/10.1161/HYPERTENSIONAHA.115.06487

Yokoyama H, Araki S, Watanabe S, Honjo J, Okizaki S, Yamada D, et al. Prevalence of resistant
hypertension and associated factors in Japanese subjects with type 2 diabetes. Diabetes Res Clin
Pract [Internet]. 2015 Oct 1 [cited 2023 Feb 6];110(1):18-25. Available from:
http://www.diabetesresearchclinicalpractice.com/article/S0168822715003642/fulltext

Ayisi-Boateng NK, Mohammed A, Opoku DA, Sarfo FS. Frequency & factors associated with
apparent resistant hypertension among Ghanaians in a multicenter study. J Clin Hypertens. 2020
Sep 1;22(9):1594-602.

Chun KH, Lee CJ, Oh J, Lee SH, Kang SM, Kario K, et al. Prevalence and prognosis of the 2018
vs 2008 AHA definitions of apparent treatment-resistant hypertension in high-risk hypertension
patients. J Clin Hypertens. 2020 Nov 1;22(11):2093-102.

Irvin MR, Booth JN, Shimbo D, Lackland DT, Oparil S, Howard G, et al. Apparent treatment-
resistant hypertension and risk for stroke, coronary heart disease, and all-cause mortality. Journal
of the American Society of Hypertension. 2014 Jun 1;8(6):405—13.

Egan BM, Kai B, Wagner S, Henderson JH, Chandler AH, Sinopoli A. Blood Pressure Control
Provides Less Cardiovascular Protection in Adults With Than Without Apparent Treatment-
Resistant Hypertension ORI GINAL P AP E R. The Journal of Clinical Hypertension.
2016;18(8):817-24.

33



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Sim JJ, Bhandari SK, Shi J, Liu ILA, Calhoun DA, McGlynn EA, et al. Characteristics of resistant
hypertension in a large, ethnically diverse hypertension population of an integrated health system.
Mayo Clin Proc. 2013;88(10):1099-107.

Naseem R, Adam AM, Khan F, Dossal A, Khan I, Khan A, et al. Prevalence and characteristics of
resistant hypertensive patients in an Asian population. Indian Heart J. 2017 Jul 1;69(4):442—6.

Kumara WAN, Perera T, Dissanayake M, Ranasinghe P, Constantine GR. Prevalence and risk
factors for resistant hypertension among hypertensive patients from a developing country. BMC
Res Notes. 2013;6(1).

Azizi M, Sapoval M, Gosse P, Monge M, Bobrie G, Delsart P, et al. Optimum and stepped care
standardised antihypertensive treatment with or without renal denervation for resistant
hypertension (DENERHTN): A multicentre, open-label, randomised controlled trial. The Lancet.
2015 May 16;385(9981):1957-65.

Acharya T, Tringali S, Singh M, Huang J. Resistant hypertension and associated comorbidities in a
veterans affairs population. J Clin Hypertens (Greenwich) [Internet]. 2014 Oct 1 [cited 2023 Jan
18];16(10):741-5. Available from: https://pubmed.ncbi.nlm.nih.gov/25243893/

Romano S, Idolazzi C, Fava C, Fondrieschi L, Celebrano M, Delva P, et al. Prevalence and
Comorbidities of Resistant Hypertension: A Collaborative Population-Based Observational Study.
High Blood Pressure & Cardiovascular Prevention. 2018 Sep 29;25(3):295-301.

Johnson AG, Nguyen T V., Day RO. Do nonsteroidal anti-inflammatory drugs affect blood
pressure? A meta-analysis. Ann Intern Med. 1994 Aug 15;121(4):289-300.

Rossi GP, Seccia TM, Maniero C, Pessina AC. Drug-related hypertension and resistance to
antihypertensive treatment: A call for action. Vol. 29, Journal of Hypertension. Lippincott Williams
and Wilkins; 2011. p. 2295-309.

Saco-Ledo G, Valenzuela PL, Ruilope LM, Lucia A. Physical Exercise in Resistant Hypertension:
A Systematic Review and Meta-Analysis of Randomized Controlled Trials. Vol. 9, Frontiers in
Cardiovascular Medicine. Frontiers Media S.A.; 2022.

Briasoulis A, Agarwal V, Messerli FH. Alcohol Consumption and the Risk of Hypertension in Men
and Women: A Systematic Review and Meta-Analysis. Vol. 14, Journal of Clinical Hypertension.
2012. p. 792-8.

Zhang Y, Feng Y, Chen S, Liang S, Wang S, Xu K, et al. Relationship between the duration of
smoking and blood pressure in Han and ethnic minority populations: a cross-sectional study in
China. BMC Public Health. 2021 Dec 1;21(1).

Mick E, Mcmanus DD, Goldberg RJ, Scd EM. Meta-Analysis of Increased Heart Rate and Blood
Pressure Associated with CNS Stimulant Treatment of ADHD in Adults. Eur
Neuropsychopharmacol. 2013;23(6):53441.

About — Saint Paul’s Millennium Medical College [Internet]. [cited 2023 Jan 22]. Available from:
https://sphmmc.edu.et/about/

Morisky DE, Ang A, Krousel-Wood M, Ward HJ. Predictive validity of a medication adherence
measure in an outpatient setting. J Clin Hypertens. 2008 May;10(5):348-54.

34



38.

39.

Zhang HJ, Peng Y, Zhang J, Zhang J, Teng LN, Zhang SJ, et al. Validation of the YuWell YE660D
oscillometric upper-arm blood pressure monitor for clinic and home in general population
according to the Association for the Advancement of Medical Instrumentation/European Society of
Hypertension/International Organization for Standardization Universal Standard (International
Organization for Standardization 81060-2:2018) and the International Organization for
Standardization Amendment 1. 2020. Blood Press Monit. 2023 Oct;28(5):276-9.

Weitzman D, Chodick G, Shalev V, Grossman C, Grossman E. Prevalence and Factors Associated
With Resistant Hypertension in a Large Health Maintenance Organization in Israel
Epidemiology/Population Definition of Outcome. 2010; Available from:
http://hyper.ahajournals.org/lookup/suppl/doi: 10.116 1/HYPERTENSIONAHA.

35



Annex
1. Consent form (verbal)

1.1. Consent form in English

This questionnaire is prepared for collection of data on the prevalence of apparent treatment
resistant hypertension and associated risk factors among hypertensive patients on follow up at
cardiology and nephrology clinic of SPHMMC. This research is conducted by Dr. Haimanot

Behailu who is a third-year Internal medicine resident in SPHMMC.

Participation in this study will involve an interview regarding your sociodemographic
status, lifestyle related and medical related questions and the interview will take about 15 minutes.
There are no known or anticipated risks to you for participating. Although this study will not
benefit you personally, we hope that our results will add to the knowledge about prevalence and

factors associated with resistant hypertension.

The information that you provide during this study will be kept confidential and all of your
responses will be held anonymous. Only the researchers will have access to the questionnaires and

the information that you provide.

Your participation in this study is voluntary and you have the right to refuse to participate,
the right to withdraw at any time for any reason & the right to refuse to answer any individual

question without penalty.

If you have any question, you can contact the investigator at any time that is convenient

for you using the following address:

Principal investigator
Name - Dr Haimanot Behailu Phone number - +251-9-00 64 56 84
Address - Addis Ababa, Ethiopia E-mail - wond.haimi@gmail.com

Do you agree to participate in this study?

A. yes

B. No
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The participant has received sufficient information about the study from the information

sheet above by the explanation provided by and has agreed to voluntarily

participate in this study.

Signature of investigator: Date:

1.2. Consent form in Amharic

2y aomeP PFHILD- NAD-O PATHA PAN AT Ph-AAT V9P hA.zh ALI® <4+ NGF hitd
P00 ANTPTF @i A0t AS DHP NAL PL9° <1t avfYyt P99.LALAITFMT eFNTLP T ooy AG
+POH PPNIOPT AR avl B AaPANAN 10 BU PG 999,810 NA@-0eh PATHA PONTS Gavt -\ LB

1994 APTFO- 0 &/C VLIS NDL M 1D

PO PMEE ANRCHL 201 hHA AOPPC U377 PASSC HRO AT Nhh9PG IC OTELH TELP T
fatF3A AT PA oomed 15 LbP LUAN LONSA: NPAteP (ACAP AL I°79° 010D DLRI® P MmN+
ALIPT PtegP:: P39° AT BV TGT ACAPT 191\ 0LmPIPP TGk Ot (NAFD AL LATT AD-PT
LRIPeO NAT TG ATLCINT:

(HY TGF OPT PoLePCO-F avlB NTLATC 2MOPA P ATLEPE PoLAMT aPANPTI® 6COPT
TVt PTLINE ARUHIP: aPM@HET WG ACAP LULAMTT a0L8 I T UL a0 TSP AT GF -

OHY TG @-AT LAPT TATE 08.PL7ATE 10 hGI° APATG . PLE AATPTY: N9 @9° 1LH AS
N5 @-9° 970+ NPA aPMPk APt a1+ 1§ TITGDII° T PE PA IOII° M) avp\G LATPAMT a1t
APt

TPYED9° K01 PO NAPLT NTLNTAD AL¢-8 WS NTLIVFPF LI, aPCT6PT T11,91C S TFAN::

PG aoCYE
age - &/C V71T NP2 OAh ¢7C - +251-9-00 64 56 84
AL - A0 ANOT ATRXE A-7324 - wond.haimi@gmail.com

(Y PG ATPAFE +ATIIFPA?
U. h?
A A&

TAFLO- A TGE hAL NA®- PavlE oZb+ N NHOAM@- TNE-6L avalt (¢
a8 AT EPA ASI° (LY TG O-AT 018.PL7H1H ATPATE 019990 =

PavCTIE D &.CMT 7
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2. Blood pressure measurement instructions

a.

BP should be measured with a well calibrated Digital sphygmomanometer (oscillometeric
BP measurement).

The dominant arm should be used for BP recording.

Adult cuff size should be used for all patients.

Participants should be advised to empty their bladder if needed.

No smoking, food, exercise, or intake of caffeine within 30 minutes preceding the
measurement should be ensured.

Participants should be seated comfortably preferably in quiet environment for 5 min before
beginning the BP measurements.

The BP cuff should be positioned at the level of the heart, with the participant’s back and
arm supported, legs uncrossed and feet flat on the floor.

No talking during measurement.

BP will be rechecked after 5 minutes.
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3. Data collection checklist

3.1. Data collection checkl

ist in English

Chart no.

Socio demographic factors re

lated questions

Age
Sex Male Female
Educational status Tertiary
Secondary
Primary
None
Location of residence Urban Rural
Occupation Governmental
Nongovernmental
Self employed
Unemployed
Monthly Income
Medical related questions
Family history of Yes No

hypertension

Duration of hypertension (in

terms of years)
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Comorbidities

Diabetes mellitus

Ischemic heart disease (IHD)
Chronic kidney disease
Dyslipidemia

Stroke

Other, specify

BMI

Weight Height

Arm circumference (in cm)

Current BP of patient

Repeat BP of patient (after 5

min rest)

List the antihypertensive
drugs the patient is on and
dose and frequency

Is the patient on 3 or more
antihypertensives with one of

them being diuretic?

Yes No

If the answer to the above
question is yes, are 3 of the
antihypertensive medications
(including the diuretic) at
maximum dose or at
optimally tolerated dose for

the patient?

Yes No
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Other medications the patient
IS on other than
antihypertensives

Steroid

NSAID
Antidepressants
Erythropoietin

Others, specify

Adherence assessment

1. Do you sometimes
forget to take your

medication?

Yes

No

2. People sometimes
miss taking their
medication for
reasons other than
forgetting. Over the
past 2 weeks were
there any days when
you did not take your

medication?

Yes

No

3. Have you ever cut
back or stopped
taking your
medication without
telling your doctor
because you felt
worse when you took

it?

Yes

No

4. When you travel or

leave home do you

Yes

No
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sometimes forget to
bring your

medication?

5. Did you take all your

medication yesterday?

Yes

No

6. When your symptoms
are under control, do
you sometimes stop
taking your

medication?

Yes

No

7. Taking medication
every day is real
inconvenience for
some people. Do you
ever feel hassled
about sticking to your

treatment plan?

Yes

No

8. How often do you
have difficulty

remembering to take

Never/ rarely

Once in a while

all your medication? | Sometimes
Usually
All the time
Lifestyle related questions
Physical activity Adequate Not adequate

Cigarette use

Current use

Former use

Never used

42



Excess alcohol consumption | Yes No
Chat consumption (current) Yes No
3.2. Data collection checklist in Amharic
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4. Information sheet

Research title: Prevalence of apparent treatment resistant hypertension and associated risk
factors among hypertensive patients attending cardiology and nephrology follow up at St Paul

hospital millennium medical collage

Principal investigator: Dr Haimanot Behailu (Internal Medicine Resident)

e Phone number: (251)-9-00 64 56 84

e Email address: wond.haimi@gmail.com

Advisors: Dr Fetene Adamu (Consultant Internist, Cardiologist)

: Mr Hailemichael Bizuneh (BSc, MPH)

Sponsor: St. Paul’s Hospital Millennium Medical Collage
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5. Assurance of investigator

| the undersigned resident agree to accept all responsibilities for the scientific, ethical and
technical conduct of the research project and for provision of required progress reports as per terms
and conditions of the Research and Publication Directorate and /or Department of Public Health

of St. Paul’s Hospital Millennium Medical College.

Name of the Resident:

Signature:
Date:

Approval of Advisors

Name of Public Health Advisor:

Signature:
Date:

Name of Clinical Advisor:

Signature:
Date:
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