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Abstract

Background: Hypertension is the most common cardiovascular disease in Nigeria and contributes to a large non-
communicable disease burden. Our aim was to implement and evaluate a large-scale hypertension treatment and
control program, adapted from the Kaiser Permanent Northern California and World Health Organization HEARTS
models, within public primary healthcare centers in the Federal Capital Territory, Nigeria.

Methods: A type 2 hybrid, interrupted time series design was used to generate novel information on large-scale
implementation and effectiveness of a multi-level hypertension control program within 60 primary healthcare centers
in the Federal Capital Territory, Nigeria. During the formative phase, baseline qualitative assessments were held with
patients, health workers, and administrators to inform implementation package adaptation. The package includes

a hypertension patient registry with empanelment, performance and quality reporting, simplified treatment guide-
line emphasizing fixed-dose combination therapy, reliable access to quality essential medicines and technology,
team-based care, and health coaching and home blood pressure monitoring. Strategies to implement and adapt the
package were identified based on barriers and facilitators mapped in the formative phase, previous implementation
experience, mid-term qualitative evaluation, and ongoing stakeholder and site feedback. The control phase included
11 months of sequential registration of hypertensive patients at participating primary healthcare centers, followed
by implementation of the remainder of the package components and evaluation over 37 subsequent, consecutive
months of the intervention phase.

The formative phase was completed between April 2019 and August 2019, followed by initiation of the control phase
in January 2020. The control phase included 11 months (January 2020 to November 2020) of sequential registra-
tion and empanelment of hypertensive patients at participating primary healthcare centers. After completion of the
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control phase in November 2020, the intervention phase commenced in December 2020 and will be completed in

December 2023.

Discussion: This trial will provide robust evidence for implementation and effectiveness of a multi-level implementa-
tion package more broadly throughout the Federal Capital Territory, which may inform hypertension systems of care
throughout Nigeria and in other low- and middle-income countries. Implementation outcome results will be impor-
tant to understand what system-, site-, personnel-, and patient-level factors are necessary for successful implementa-

tion of this intervention.

Trial registration: ClinicalTrials.gov NCT04158154. The trial was prospectively registered on November 8, 2019.

Keywords: Implementation research, Hypertension, Task-shifting, Interrupted time series, Nigeria

Contributions to the literature

» Multi-level strategies for hypertension diagnosis, treat-
ment, and control have rarely been implemented in
Sub-Saharan Africa primary health care settings.

» Implementation of a contextually adapted hypertension
treatment and control program within public primary
health centers in the Federal Capital Territory, Nigeria,
was informed by robust formative evaluation.

» The Hypertension Treatment in Nigeria Program is the
largest primary-care based hypertension control pro-
gram in Africa.

o Evaluation of implementation and effectiveness
through a type 2 hybrid, interrupted time series design
will provide robust evidence for scaling more broadly
throughout the Federal Capital Territory, and poten-
tially throughout Nigeria and in other low- and middle-
income countries.

Background

In response to the global burden of cardiovascular dis-
ease, the World Health Organization (WHO) developed
the HEARTS technical package, which is a strategy aimed
at assisting ministries of health to manage cardiovascular
diseases with a focus on primary health care settings in
resource-limited contexts [1]. The WHO HEARTS tech-
nical package includes six modules which are informed
by the Kaiser Permanente Northern California (KPNC)
hypertension control program (Fig. 1) [2]. Several large-
scale hypertension programs have adopted or adapted
the HEARTS or KPNC models for implementation at the
national and sub-national levels [3—6]. Though intended
for use within resource-limited settings, implementation
of the WHO HEARTS model within low- and middle-
income countries requires systematic formative work to
evaluate and address barriers to implementation, as evi-
denced by efforts of the Pan American Health Organiza-
tion to introduce the model within 12 countries in the
Americas [7].

Hypertension is the most common cardiovascular dis-
ease (CVD) in Nigeria, found in 86.4% of CVD patients,
and is prevalent in an estimated 29-38% adult Nigerians
[8, 9]. Multiple efforts are underway to address the bur-
den of hypertension in Nigeria by increasing awareness,
treatment, and control rates. For example, the National
Hypertension Control Initiative (NHCI) is being piloted
in 12 facilities in Ogun and Kano states to increase
hypertension awareness, diagnosis, treatment, and con-
trol [10, 11]. The Hypertension Treatment in Nigeria
(HTN) Program described in this report represents
separate, yet related work. Both programs aim to lower
hypertension-related morbidity and mortality, as well as
strengthen hypertension diagnosis and management at
the primary healthcare level through team-based care.
More robust primary healthcare services will alleviate
time and resource burdens on both patients and health-
care providers at secondary and tertiary care centers
where hypertensive services have historically been pro-
vided in Nigeria.

Our aim was to implement and evaluate a large-scale
hypertension treatment and control program within 60
public primary healthcare centers in the Federal Capital
Territory, Nigeria through a type 2 hybrid effectiveness-
implementation, interrupted time series design with out-
comes measured using the RE-AIM framework [12].

Methods/design

The methods described are based on the Standard-
ized Reporting Items: Recommendations for Interven-
tion Trials (SPIRIT) statement and checklist (Additional
file 1) [13]. Details of the intervention and implementa-
tion strategies are described based on the Standards for
Reporting Implementation Studies (StaRI) statement and
checklist (Additional file 2) [14].

Study design

The type 2 hybrid design was selected to generate
novel information on large-scale implementation and
effectiveness of a multi-level hypertension control pro-
gram adapted from the KPNC intervention and WHO
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Fig. 1 Alignment of the KPNC and WHO HEARTS technical packages with the Hypertension Treatment in Nigeria Program Implementation
Package. The HTN Program implementation package is developed from the Kaiser Permanente Northern California and WHO HEARTS technical
packages. Each component of the HTN Program implementation package is developed and deployed at different levels of the health system in the
Federal Capital Territory, Nigeria. These levels include the patient, health worker, health clinic, health system, and national policy. All images are from

HEARTS technical package within primary healthcare
centers in the Federal Capital Territory of Nigeria, and
to inform subsequent plans for regional and national
scale-up (Fig. 1). The interrupted time series design
was selected as a pragmatic trial design which allows
for the incorporation of contextual factors and under-
lying trends in treatment and control of hypertension
[15]. Our study design allows for evaluation of health
system, community, and individual-level characteris-
tics that may affect the adaptation, effectiveness, and
implementation of the HTN Program implementa-
tion package. The interrupted time series evaluation
is accompanied by formative, interim, and follow-up
qualitative assessments to simultaneously evaluate
effectiveness and implementation. We chose not to
use a randomized trial design given the high-quality
evidence for our intervention components. A com-
munity health extension worker- (CHEW) led home
blood pressure monitoring and health coaching sub-
study was also included to evaluate implementation
and effectiveness among randomly selected patients
with persistently uncontrolled hypertension in 10 pri-
mary healthcare centers compared with propensity-
matched controls. These individual-level strategies

were selected because they have the largest effect sizes
based on previous research [16].

Timeline

During the formative phase of the study (April 2019 to
August 2019), baseline qualitative assessments (i.e., key
informant interviews and focus group discussions) were
held with patients, health workers, and administrators to
inform adaptation of the implementation package [17].
The control phase of the study included 11 months (Janu-
ary 2020 to November 2020) of sequential registration
and empanelment of hypertensive patients at participat-
ing primary healthcare centers (Fig. 2). The intervention
phase includes implementation of the remainder of the
package components and evaluation over the subsequent
37 months (December 2020 to December 2023). Analysis
and dissemination of baseline results occurred following
conclusion of the control period [18]. Midway through
the intervention phase, an additional component of
CHEW-led home blood pressure monitoring and health
coaching was introduced within a subset of 10 participat-
ing primary healthcare centers. Recruitment and follow-
up of these patients will be carried out from September
2022 to February 2023.
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Fig. 2 Timeline for the Hypertension Treatment in Nigeria Program. The HTN Program is implemented over 5 years, including a baseline formative
phase, an 11-month control phase, and a 37-month intervention phase. Concurrent to the control and intervention phases, community advocacy
and awareness campaigns are conducted within the Federal Capital Territory to increase awareness and demand for services.

Participants

Prior to study initiation, we identified and assessed all
public primary healthcare centers within the Federal
Capital Territory of Nigeria (N=243) based on staffing,
patient volumes, and functionality. To be eligible, pri-
mary healthcare centers had to have at least two full-time
staff, be accessible to the study team by road and in all
seasons, and be functional (i.e., defined as open at least
between the hours of 8 AM and 4 PM and providing the
minimum service package for primary healthcare cent-
ers). Sites were randomly selected through a multi-stage
sampling frame including stratification by caseload and
geography. Selected primary healthcare centers were
invited to participate in the program, and all 60 (100%) of
invited sites agreed to participate. Each selected primary
healthcare center participated in a hypertension-adapted
Service Availability and Readiness Assessment (SARA)
based on the WHO instrument prior to initiation of the
control phase to evaluate and confirm capacity and readi-
ness for the study [19].

During the control and intervention phases, all adults
(> 18 years) who presented at a participating site with
persistently elevated blood pressure (systolic blood
pressure > 140 mmHg or diastolic blood pressure >90
mmHg, measured twice) or a history of hypertension
were eligible for inclusion. Patients were registered in
the study database through entry in a site-based patient
registry log and empaneled in the hypertension cohort
(Additional file 3). Informed consent was not collected
per the Common Rule [20].

We collected data on paper case report forms, which
were designed to be included in the patients’ medi-
cal files at each primary healthcare center (Additional
file 4). Paper case report forms are completed and main-
tained by the CHEW at registration and each subsequent
patient visit. After the patient visit, a record information
officer at the site abstracted information from the patient
case report form into the electronic REDCap database
[21]. The REDCap database was hosted at the Univer-
sity of Abuja, and each participating primary health-
care center was provided with a tablet upon which the
REDCap mobile application was installed. Data capture
included, but was not limited to socio-demographics,
medical history, anthropometrics, blood pressure values,
relevant laboratory studies when available (e.g., serum
potassium, serum creatinine), medications, side effects,
adverse events, counseling, and patient vital status.

The CHEW-led home blood pressure monitoring
and health coaching sub-study will focus on a subset of
patients in the HTN Program. This strategy focuses on
high-risk adults with uncontrolled hypertension despite
participating in facility-based care among 10 selected pri-
mary healthcare centers. High-risk patients are defined
as patients with elevated blood pressure (systolic blood
pressure > 140 mm Hg or diastolic blood pressure > 90
mm Hg), who are 35 years and above and did not com-
plete secondary school, the last characteristic serving as
a marker of social disadvantage to prioritize this inter-
vention among individuals with greater relative need for
support.
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Intervention
The implementation package components were

informed by the KPNC intervention toolkit and WHO
HEARTS technical package (Fig. 1). To adapt the imple-
mentation package, we performed formative in-depth
interviews and focus group discussions with patients,
healthcare workers, and administrative staft to identify
facilitators, barriers, and context to implementation of
hypertension services within primary healthcare cent-
ers in the Federal Capital Territory, Nigeria [17]. The
final implementation package includes a hypertension
patient registry (health system level), performance and
quality reporting (health clinic level), simplified treat-
ment guidelines (national policy level), fixed-dose com-
bination therapy (health system level), access to essential
medicines and technology (health system level), team-
based care and non-physician follow-up (health worker
level), and health coaching and home blood pressure
monitoring (patient level), all of which have demon-
strated improved population-level hypertension control
in other settings (Table 1) [3, 22, 23].

During the first 11 months (January 2020 through
November 2020) of the program, all sites were in the
control phase of the program during which time the only
implementation package component used was the paper-
and electronic-based patient registry. At initiation of the
control phase, a 2-day, in-person training was provided
to a minimum of two CHEWs from each participating
site, which was focused on measurement of blood pres-
sure, diagnosis of hypertension, and record management
(Additional file 5) [24]. Pre- and post-workshop tests
were conducted to evaluate changes in knowledge and
practice, including evaluation of accurate blood pres-
sure measurement. Record officers at each site were also
trained through an in-person half-day training on elec-
tronic data management.

In December 2020, all sites transitioned to the inter-
vention phase of the program. Healthcare workers par-
ticipated in a full-day in-person training focused on a
simplified treatment guideline following the Nigeria
2019 Hypertension Protocol, appropriate case manage-
ment and patient treatment, and use of performance and
quality reports [10]. The team trained six supervising
Pharmacists/Pharmacy Technicians, one from each area
council, and one pharmacy focal health worker from each
of the 60 HTN primary healthcare centers on drug dis-
pensing and logistics management before commencing
the intervention phase. Primary healthcare center per-
sonnel were also retrained centrally at periodic intervals
as well as quarterly, on-site supervision visits. Training
was informed by feedback from audit and supervision
reports. Moreover, all other full-time staff of the partici-
pating primary healthcare centers who were not among
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the healthcare workers initially selected for HTN Pro-
gram were trained to build their capacity and to assist in
the Program based on future needs. All training provided
to staff at the participating primary healthcare centers
was facilitated by supervisors who are members of the
study team at University of Abuja Teaching Hospital.

In November 2021, a 2-day in-person training was pro-
vided to 30 CHEWSs and 10 facility managers from 10
participating sites on how to carry out the home blood
pressure and health coaching sub-study. The training
focused on health coaching and motivational inter-
viewing, screening consent at the participating sites,
medication management, behavioral change related to
hypertension, accurately measuring clinic and home
blood pressure, health coaching visits, and role-playing.
Pre-and post-training tests were conducted with CHEWs
to understand changes in current knowledge and expe-
rience in health coaching and blood pressure monitor-
ing. A second training session in April 2022 served as a
refresher.

Implementation strategies

Strategies to implement the package were identified
based on barriers and facilitators mapping during the
formative phase, previous implementation experience,
mid-term qualitative evaluation, and ongoing stakeholder
and site feedback (Table 2).

Community awareness campaign

A community awareness campaign was prospectively
planned to accompany both baseline and intervention
phases of the HTN Program. The purpose of the commu-
nity awareness campaigns was to address misconceptions
about hypertension, increase awareness at the commu-
nity level, and to generate uptake of treatment of hyper-
tension at the primary healthcare level. The campaign is
led by members of the study team and implemented by
health educators who are part of the primary healthcare
workforce and local residents of the communities in
which the campaigns are held. Within each area council,
campaigns are held and reviewed quarterly.

Outcomes
Primary outcomes
The study’s co-primary implementation outcomes

include reach, effectiveness, adoption, implementation,
maintenance, acceptability, and cost of the multi-level
hypertension control program. The study’s co-primary
effectiveness outcomes are the change in slope from
baseline slope of monthly hypertension treatment rates
(defined as using any blood pressure-lowering drug) and
monthly hypertension control rates (defined as systolic
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blood pressure <140 mmHg and diastolic blood pressure
<90 mm Hg) among participating primary healthcare
centers. We chose this definition of control based on the
2019 Nigeria Hypertension Protocol.

Secondary effectiveness

The study’s secondary effectiveness outcomes include (1)
mean systolic blood pressure and diastolic blood pres-
sure among eligible clinic patients with hypertension,
and (2) rates of single versus two- or three-drug blood
pressure-lowering medication use (including use of fixed-
dose combination therapies).

Safety

The study’s safety outcomes include (1) proportion of
participants with any potentially relevant side effect,
including provider diagnosis of angioedema, acute kid-
ney injury (defined as relative increase in serum creati-
nine by 50% or an absolute increase by 0.3 mg/dl [>0.26
umol/L]), electrolyte abnormalities (defined as serum
potassium < 3.5 or >5.5 mEq/L or serum sodium <125
or > 145 mEq/L), syncope, or dizziness, (2) rate of rel-
evant side effects at the participant level (i.e., count per
participant), and (3) proportion of participants with any
serious adverse event according to Good Clinical Practice
definition.

Implementation

Implementation outcomes focus on domains of the RE-
AIM framework including at the program, center, and
individual level (Table 3).

Sample size

To estimate our sample size calculated for the primary
effectiveness outcome, we used data from published
literature to estimate the baseline prevalence of hyper-
tension treatment (20%) and control (10%) rates in the
Federal Capital Territory, Nigeria [25]. We based the
anticipated effect on similar programs, including the
KPNC Hypertension Control Program [2]. The power
and sample size were estimated under a variety of con-
ditions through Monte-Carlo simulation in SAS (v9.4,
SAS Inc, Cary, North Carolina). Accounting for 10
sites dropping out, we estimated that 1200 patient vis-
its per month across 50 sites over 9 months of baseline
and 39 months of intervention would provide >80%
power to detect a difference in treatment slope of 0.57%
per month compared to underlying trend of 0.10%
per month, resulting in hypertension treatment rate
of 42.5% at the end of 48 months. Similarly, with the
same sample size, we would have >80% power to detect
a difference in control slope of 0.44% per month com-
pared to underlying trend of 0.05% per month, resulting
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in hypertension control rate of 27.0% at the end of 48
months.

Data quality assurance and control

To ensure data quality, we built in field validation(s)
and branching logic within the REDCap forms. Before
obtaining data entry rights, all study team members and
healthcare workers with data access privileges completed
training and pilot tested data entry using hypothetical
data. Centralized statistical monitoring are performed
through weekly data and status quality reports. The data
and status quality reports use the REDCap application
programming interface functionality to export the pro-
gram data, and then are restructured and summarized
using statistical software packages, including R (v4.0.3,
R Core Team, Vienna, Austria) and SAS (v9.4, SAS Inc.,
Cary, NC). The reports are reviewed and discussed bi-
weekly. Because the systems are in place and code has
been generated, the reports can be updated in real time.

Statistical analyses

All participants who are enrolled in the patient registry
will be accounted for, in accordance with the consoli-
dated standards for reporting trials (CONSORT) state-
ment for transparent reporting of trials (Fig. 3; Additional
file 6). As of May 2022, more than 16,000 individuals
participated in the Program. Baseline demographic vari-
ables, such as age, sex, and relevant clinical variables will
be summarized when results are reported. Summaries of
continuous baseline variables will be presented as means
and standard deviations or medians with minimum and
maximum values as appropriate and based on distribu-
tion. Categorical variables will be described as frequen-
cies and percentages.

The statistical analysis will be performed using the
intention to treat principle (i.e., all patient visits recorded
in the database will be included and considered exposed
to the intervention or unexposed according to the over-
all program timeline, regardless of when the intervention
was actually implemented). The statistical design of the
program intervention includes evaluation of effectiveness
and implementation co-primary outcomes, which is con-
sistent with the type 2 hybrid design. For implementation
outcomes, we will use quantitative and qualitative analy-
sis using the RE-AIM framework to triangulate routinely
collected data to evaluate the reach, secondary effective-
ness, adoption, implementation, maintenance, accept-
ability, and cost of the implementation package [12]. We
will seek to explore and explain variability across key sub-
groups, including age, sex, and geography.

For effectiveness outcomes, we will use an inter-
rupted time series evaluation with aggregate measures
of system-level monthly treatment and control rates to



Page 12 0of 18

(2022) 3:84

Baldridge et al. Implementation Science Communications

sabua|jeyd 1o

$$922NS J0J SUOSEa pue ‘sOHJ bunedidined buouwle aied paseqg-wes) Jo uondopy
syuow

€ 156 941 Ul saideJsy) UONBUIGUIOD 350P-PaXL JO SN Ul UONBLIBA IO SUOSESY
uolenIul S

J2)ye SYUoW ¢ 1e SHHJ bunedinnied Buowe asn A11s1631 Ul UOIBLIPA JOJ SUOSEDY *

syuow €
15€| 9Y3 Ul SaldeIaY) UORUIGUIOD 9SOP-PaXy Ylm paleal) sjualred Jo abeiusdiad -
Syuow € 1se| 2y Ul Asibal uaned uojsuanadAy ayi buisn sHHJ Jo abeiuadiad -

SOHJ bunedioiied

U29M13q a1nssaid poojq J1|01SeIp pue J|0ISAS UBSU Ul UO[IRLIEA JOJ SUOSEY
SOHJ bunedipiied usamiaq sa1el [0I3UOD Ul UOIIRLIBA IO SUOSESY

SDOHd bunedidiied usamiag sa1el JUSWIeaI] Ul UOIIRLIRA IO) SUOSEY

1ISIA 15B| UO Paseq pue

abeiane Buljjol Yauow-9 Ag pauysp sOHJ bunedidnied ssoide 4ga pue 4gs uesiy «
obeiane buljjol

YIuow-9 Aq pauyap SOHJ buliedidinied ssoide 91ed [041U0D UrSU JO/PUR URIPSA +
obelaAe Bul||01 YIUow-9

Aq pauyap SOHJ bunedidiied ssoide 91es JuSUWILI) UBSW JO/PUe URIPSIA «

SIA ISE)
U0 paseq pue abesane Buljjol Yiuow-9 Aq pauysp SOHJ bunedpinied Jo waisAs
[[BI9A0 31 UIYlIM 2inssald poojq d1joiselp pue 2nssaid poo|q J1j0ISAS UBS|A «
sbeiane buljjol

YIuoWw-9 AQ pauyap SOHJ buiredidinied JO WS1SAS [[ISA0 93Ul UIYUM S1eJ |0UOD) »
abeJaAe Bul||os Yuow-9

AQg pauyap sHHJ bunedidinied JO W1SAS |[BJI2AO SY3 UIYLM 31e) JUDUJ1eal] «

uoneJNPa pue ‘piem ‘xas ‘obe Aq Juswabeuew pue sisou

-Beip N1H 10 SOHJ bunedidiied 1e aied buiaiedai syusiied paisisibal Jo AUSISAIQ
e1ep A9AINS PASEQ-ALUNUILIOD IO Pa323]|0D A|JUS4INDUOD UO

paseq sea.le JUsWYDIeD DIUI|D 3y} Ul S|enpIAIpUl pue sjuaiied palaisibal Usamiag
sonsua1deIRYD (AYdeiboab ‘Xas ‘abe “63) d1ydeibouIIPOID0S Ul saduUIayId

sAep Buppiom ¢ 1sed ayi ulyum sHHd bunedidiied uiyim

Sjuanied 3npe Jo Jaguinu P10} / PaINSeaW Sdg Yim syusiied 3 npe Jo Jaquinp «
sAep Buiiom ¢ 1sed aya Uiyim sOHJ buned

-DiJed ulyum 4g ybiy 1oy pausaids usaq 10U aAeY 03 sjusiied Npe Joj suosesy «
A1011I3] [exdeD) [eIopa4 9yl Ul SDHJ Pa129]9S JO uoneddinied-uou Joj Suoseay
SELE!

Buyels aul[aseq ‘piem ‘azis Jo sulia) Ul Jeis pue sOHdJ buneddied jo Ausianig
Kion] jeuded

[BI9P34 Y3 Ul SOHJ Pa123135 JO Jaquinu [e101/sDH bunedidiued jo Jlaquiny -

a1 [eND

aARIIURND

aA1eeND

aAneIIUeND

aAeIIUeND

aAeIueND

3A1RYEND

aARIIUEND

aAleIIURND

welboid N1H 241 21e1mul
01 Bul||Im 218 OYM $31IS JO SSaUAIRIURSIdRI pue ‘Uoiiodoid 4agquinu anjosqy
weibold :uondopy

121U2)

S91BJ |02U0D pUR 1USWI1LJ} U0 Welboid N1H 3y Jo 1oedw ay |
welbolid 'SSOUDADDYT

[enpiAIpu|

IEEY) weibold NLH ay3 ul 1edpipied oym

S|ENPIAIPU] PUB SIS JO SsauaAieiuasaldal pue ‘uoiodold 4agquuinu ainjosqy
welbold yoeay

2WodInQ

adAL

1231 uopjuyaq :urewoq WIv-34

wielbold eusabiN Ul Juswieal] uoisusladAH Joj sowodINo uoielusw|dw| € ajqeL



Page 13 0f 18

(2022) 3:84

Baldridge et al. Implementation Science Communications

uoIsuanadAy yim syuaized Buowe 1503
JusWieal} pue sisoubelp uojsuanadAy buiobuo pue yuoidn jo Aljigeidandy -

150D
W91sAs a1ed yyjeay Alewud ugisnyj
|9A3}-1usiied

Je 31ed Jo Aljenb paalediad pue ‘Uoiideysies ‘A1l|ige1dadde Ul UOIIRLIRA JO) SUOSEY «
Aljigeidanoy

usw
-1e31] UOISUSLISdAY J0j 51500 Brup 19320d-§0-1N0 [enuue pue A|Y1uow P3[SPO
150D

sAep Buriom ¢ 1sed ayr uiyim sHHd bunedidied
UIY1IM PaJa3sibal uaaq 10U Y 01 UoIsuaLadAy yum syuaiied 1npe Joj SUoseay -
(uoneiuswajdwi) AyRpl4

JUSW1eal] Uo syusned Jo Jsquinu [e101/Adeiay)

UOI1BUIGUIOD 9SOP-Paxy Yuim pateall syusned pauaisiBal jo uoiodoid Ajyuopy
siuaned pais1siBai Jo Jagquinu

|e101/24e0 paddais a1eldoidde yum syusned paisisiBal jo uoiodoid Ajyuopy
sAep Buppiom ¢ 1sed syl UIYUM SOHd

Hunredpinied uiyim ainssaid poojq paleAd|d Yim siualied 1npe Jo J9gquinu [eiol
/Ppa121s1631 s1e Oym UoISUSLISAAY yum syusned 1npe Jo uoiodoid pue Jagquuny -

3R [eND

aARIIURND

SAIRY[END

[eNPIAIPU|

[BNPIAIPU|

[ENPIAIPU] 121U

(UonusaJalUl) AllBPH - SAIRINUEND IEMIED)
Y1|eaH Jo ANSIUI [elopa4 ulyum Buipnpoul
'SI9p|oyaxels buowe s150d weiboid NIH butobuo pue uoydn jo Aljigerdaddy
150D
|020104d Juswieall dn dais 9yl 01 A1l|SPY Ul UOIBLIPA JO) SUOSEDY »
Juswdinba pue sauIpaW S|elUSSS JO AL|IGR|IPAB Ul UOIIBLIEA JOJ SUOSEY
S2INSeaW A}y Ul UOIIBLIA IO SUOSRSY
(uoneyuswaldw) ANPPlY  dAlENEEND welboud
1uai1ed 4ad pue DHHJ Yoes 10} ||eISAO [041U0D
pue jusawieall ‘sisoubelp uolsuanadAy o) sbnip bullamol g pue ‘siskjeue eiep
‘ainided eiep ‘saulydew dg ‘Jeis uo paseq s1s0d Weibold N1H 19341p Pa|apo -
150D
Syuowl 9 1se| 3y}
Ul 3uswieall dn dais paaladas oym paiedipul dn dais yim syuaied Jo sbeiusdiad -
usW
-55955€ JO ABP 31 UO 3|ge|IBAR S3UIDIPSW 21nssaid poo|g Yum SOHd JO 9be1usdiad «
JUSWISSISSE JO
Aep 941 U0 31IS Y1 1P JOJUOW 2iNssald poojq BUIOM B YLM SDHJ JO 9br1USDIR »
syuow ¢ 1sed ayy
UIY3IM 110dal ¥2eqPa) PUR 1IPNE UB PAAIZDRI OYM SDHJ P3123|5 JO Uoiodold «
Syuow /£ 1sed ay1 Ul sIA
uolsiAiadns aAi10ddns SUO 15e3| 18 PRAIIRI OYM SHHJ Pa103195s Jo uoniodoid « saib
Bujutesy uopeniul aus ul paiedidnied oym sHHJ Pa1d9]9s Jo uoodold « -91eJ3S UONUSAIIUI 34} JO 3SN PUB 'UO[IUSAISIUL B JO 1SOD pue dWl| ‘Papuaiul
Buiuten uoisusnadAy aulseq ul paredidinied oym sHHJ pR193]9s Jo uoipiodoid « se AIaAIap Jo Adua1sisuod buipnioul ‘jod0101d weibold N1H 9y 01 Alljspi4
(uonerusws|dul) Ayapl4  aAIRIIUEND weibold :uoneuswa|du|
awodInQ adA) [EIES uonuyaq :urewoq WIv-34

(penunuod) € ajqeL



Page 14 of 18

133U 318D Y3|eay Alewlid DHd ‘eHabIN Ul Juswieal] uoisusadAH NiH ‘@inssaid poolg dg :suonpiraiqqy

(2022) 3:84

DHd Y3 UIY3IM 1USW1e31} UO pUB 24ed Ul Buulewal 10j SUOSEY »
SDUBUSIUIRIN  9AIRYBND [enplAIpu|

SDHd 12 2182 uj paurelal syuedipiiied Jo uopiodold Up UOJIRLIRA JO) SUOSESY »

sal|ddns uonesipaw a1nssald poo|d JO JUSWUIRISNS Ul UOIIBLIEA 1O} SUOSEY -

$91R1 2UI|25BQ SA0QR S218J [04IUOD JO DULUSIUIRU U] UOIIRLIBA 10} SUOSEDY -«

S918J DUI[9SBQ SAOGR S31RJ JUSWILAIY JO 3DURUSIUIRW U] UOJIBLIBA IO SUOSEY
SdURURIURK  dAIRYEND

syuow gy pue
'9€ %7 ‘71 '9 18 SOHJ Punedidiued 1e a1ed ul paulelal sjuedidiied Jo uoiodold
SYluow g pue 9¢

18 SINOX201S UoIedIPaW 2inssald poojg Inoyim sOHJ bunedidined jo uoniodoid -
SYIUOW 8 pue ‘9¢ ‘'l ‘918

S91PJ 9UI|9SEQ A0 S31BJ [0JIUOD UleIUleW oYM SOHJ buriedidied jo uoiiodoid

SYIUOW 8¢ PUB ‘O¢ ‘b7 ‘71 'O 1B S93el aonoeid [euonieziuebio supnol

2UI|958q 2AOQE S31RJ JUSWIEAI} UlRlUleW Oym SOHJ bunedidied jo uoiiodoid « 2y1 JO 1Jed JO pPazi|euonnisul saWod3q Welbold NLH 243 YdIym 03 Juixa Y|
ddURURIUIRY  2ARRIAUEND 191U3D :2dURURIUIRI

awodInQ adA| [ELE]] uonuya(q :urewoq WIv-34

Baldridge et al. Implementation Science Communications

(panunuod) € aqel



Baldridge et al. Implementation Science Communications

(2022) 3:84 Page 150f 18

Enrolled, n=17003
January 1, 2020 through May 5, 2022

)

Excluded, n=956

n=28, No Blood Pressure Visits Recorded

n=387, Missing Age, Age <18 years or Age >110 years
N=541, No history of hypertension and SBP <140 / DBP < 90
at first visit

[Eligible, n=16047

Lost to follow up, n=2680
* n=2680, No second visit recorded within 1 year of registration

[Analytic Cohort, n=13367

)

Fig 3 CONSORT Flowchart of Enrollment, Eligibility, and Analytic Sample Size in the Hypertension Treatment in Nigeria Program from January 1,

2020, through May 5, 2022

evaluate temporal trends. We will evaluate change in
temporal trends for primary and secondary outcomes
through segmented linear regression by aggregating data
across primary healthcare centers by month. To evaluate
effects of each implementation package component and
time variance in implementation on our primary out-
comes, we will use patient-level mixed-effects models
including random effects to account for clustering at the
primary healthcare center level. We will perform sensi-
tivity analyses by both excluding and restricting repeated
measures of the same patients over the program period.

For the home blood pressure and health coaching
sub-study, we will use analysis of covariance, control-
ling for baseline clinic-measured systolic blood pressure
and medication to estimate the effect of a community
health extension worker-led health coaching and home
blood pressure monitoring on a 12-week change in sys-
tolic blood pressure compared with propensity-matched
patients in the participating sites as controls. For imple-
mentation outcomes, we will adapt the RE-AIM frame-
work and use quantitative data to evaluate the reach,
effectiveness, adoption, implementation, maintenance,
and cost of the interventions.

Subgroup analyses

Subgroup analyses will examine primary outcomes
within and across sites based on staffing levels, staff train-
ing, geography, and drug availability. Exploratory sub-
group analyses will similarly examine primary outcomes
based on age, sex, duration of registration, and treatment
regimen.

Interim analyses

No interim quantitative analyses for effectiveness are
planned for this study. Interim qualitative analyses were
performed in November 2021 to determine what adapta-
tions should be made to the varied implementation strat-
egies. Mid-term qualitative interviews were conducted
in November 2021 to evaluate the implementation out-
comes of the HTN Program using the RE-AIM frame-
work. Seven focus group discussions were conducted
with CHEWS or community health officers (n=3), facil-
ity managers (n=2), and primary care physicians (n=1).
Rapid synthesis indicated that even though the HTN Pro-
gram has been able to reach many patients, the Program
reach is not equitable, with men and younger patients
being less likely to participate than women and older
patients [26, 27]. Additional community mobilization
was suggested as a strategy to increase reach.

Regarding effectiveness, there was a general perception
that the HTN Program strategies have been effective,
especially with patient registration and empanelment,
team-based care, and emphasis of fixed-dose combina-
tion therapy. Implementation of patient registration and
empanelment, team-based care, and fixed-dose combina-
tion therapy has been feasible. However, achieving a high
rate of monthly follow-up visits have been more chal-
lenging not only because of inherent challenges in reten-
tion and seasonal transportation issues, but also CHEW’s
workload and security threats in some communities.

Regarding maintenance, there were serious concerns
about the transition from freely available drugs to a Drug
Revolving Fund-based system that emphasizes access
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through reduced out-of-pocket costs. Some participants
mentioned that this may affect enrollment and retention.

Missing data

Missing data are identified through bi-weekly data qual-
ity reports and resolved with the responsible site where
feasible. Complete case analyses will be performed in
the primary analysis, and multiple imputation will be
used for sensitivity analyses to explore the robustness of
results.

Monitoring

We have performed central statistical monitoring to
evaluate sites’ performance and to direct risk-based, in-
person, site monitoring and supportive supervision vis-
its. In-person site monitoring visits have been conducted
at minimum every 6 months with a target for quarterly
visits for most sites. In-person visits are performed by at
least two members of the HTN Program study team. Sup-
portive supervision visits follow a checklist (Additional
file 7) including quantification of site staff, inventory of
equipment, observation of blood pressure measure-
ment, and audit of patient paper case report forms. All
site monitoring data are entered within a central REDCap
database and summarized on a monthly basis to identify
data quality problems, urgent staff or equipment needs,
or other major data status or quality trends.

Context tracker

A context tracker was developed for simultaneous
capture of individual-, site-, regional-, national-, and
global-level events that may affect implementation and
effectiveness of the trial. The context tracker is main-
tained by two members of the study team and discussed
monthly during operations team meetings. Contextual
factors will be considered in sensitivity analyses to tri-
angulate routinely collected data to evaluate the reach,
secondary effectiveness, adoption, implementation,
maintenance, acceptability, and cost of the implementa-
tion package.

Discussion

The HTN Program aims to evaluate the effectiveness
and implementation of hypertension services within
primary healthcare centers in the Federal Capital Terri-
tory, Nigeria. The type 2 hybrid, interrupted time series
design was employed because of several important fea-
tures. First, simultaneous evaluation of implementation
and effectiveness will generate information to inform
adaptation and scaling of the intervention. Second, the
interrupted time series design provides evidence for
causal inference in evaluating the potential effects of an
intervention compared with a pre-/post-intervention
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study design. Third, the design allows for evaluation of
temporal trends, adaptation of implementation strate-
gies, and assessment of the effects of contextual factors.
Fourth, the interrupted time series design allows all
primary healthcare centers to receive the intervention,
which is important when the intervention is deemed
likely to be beneficial. This design helps to avoid poten-
tial ethical concerns about sites being randomized
to the control arm of a trial throughout the entire
study period while having logistical advantages over a
stepped wedge trial design given the large number of
sites involved and perceived risk of site dropout, which
was not realized.

However, the type 2 hybrid interrupted time series
design also includes important limitations. We
assumed a linear slope change effect between the con-
trol and intervention phases; however, this assumption
may not be met in practice, limiting our ability to draw
conclusions about the effectiveness of the intervention.
The primary analysis of the HTN Program will employ
segmented linear regression of aggregated measures of
treatment and control at the system level, which does
not account for imprecision at an individual patient or
site level.

If successful in achieving its co-primary effectiveness
outcomes, then this trial will provide robust evidence
for implementation and effectiveness of this multi-level
implementation package more broadly throughout the
Federal Capital Territory, which may inform hyperten-
sion systems of care throughout Nigeria and potentially
in other low- and middle-income countries. Data from
our implementation outcomes will be important to
understand what system-, site-, and personnel-level fac-
tors are necessary for successful implementation of this
intervention.
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