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Abstract
Background
Botswana serves as a model of success for HIV with 95% of people living with HIV (PLWH) virally suppressed. Yet, only 19% of PLWH and hypertension have controlled blood pressure. To address this gap, InterCARE, a care model that integrates HIV and hypertension care through a) provider training; b) adapted electronic health record; and c) treatment partners (peer support), was designed. This study presents results from our baseline assessment of the determinants and factors used to guide adaptations to InterCARE implementation strategies prior to a hybrid type 2 effectiveness-implementation study.

Methods
This study employed a convergent mixed methods design across two clinics (one rural, one urban) to collect quantitative and qualitative data through facility assessments, 100 stakeholder surveys (20 each PLWH and hypertension, existing HIV treatment partners, clinical healthcare providers (HCPs), and 40 community leaders) and ten stakeholder key informative interviews (KIIs). Data were analyzed using descriptive statistics and deductive qualitative analysis organized by the Consolidated Framework for Implementation Research (CFIR) and compared to identify areas of convergence and divergence.

Results
Although 90.3% of 290 PLWH and hypertension at the clinics were taking antihypertensive medications, 52.8% had uncontrolled blood pressure. Results from facility assessments, surveys, and KIIs identified key determinants in the CFIR innovation and inner setting domains. Most stakeholders (> 85%) agreed that InterCARE was adaptable, compatible and would be successful at improving blood pressure control in PLWH and hypertension. HCPs agreed that there were insufficient resources (40%), consistent with facility assessments and KIIs which identified limited staffing, inconsistent electricity, and a lack of supplies as key barriers. Adaptations to InterCARE included a task-sharing strategy and expanded treatment partner training and support.

Conclusions
Integrating hypertension services into HIV clinics was perceived as more advantageous for PLWH than the current model of hypertension care delivered outside of HIV clinics. Identified barriers were used to adapt InterCARE implementation strategies for more effective intervention delivery.

Trial registration
ClinicalTrials.gov, ClinicalTrials.gov Identifier: NCT05414526. Registered 18 May 2022 – Retrospectively registered.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s43058-024-00603-x.
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Contributions to the literature

	Using existing HIV infrastructure through the integration of services is an intervention strategy that is gaining traction worldwide to address co-morbid hypertension and non-communicable diseases. 

	The Consolidated Framework for Implementation Research (CFIR) can be utilized to identify the determinants of implementation and guide adaptations of implementation strategies for integrated care. 

	We found that available resources and levels of staffing were significant barriers to intervention implementation, addressed by stakeholder engagement and a nurse task shifting strategy.  

	When developing a model of integrated care, including the perspectives of multiple key stakeholder groups is crucial to identifying determinants of implementation and adapting integration strategies.





Background
The global availability of effective treatment for HIV has transformed HIV into a chronic condition. In sub-Saharan Africa, home to a third of global HIV infections, effective healthcare delivery models have resulted in multiple countries, including Botswana [1, 2], approaching or achieving key global targets for the HIV care cascade: 95% aware of their diagnosis, 95% on antiretroviral therapy, and 95% with viral suppression [1, 3]. In Botswana, where in 2017 an estimated 20.3% of the adult population had HIV [4], factors contributing to achieving these targets include having specialized HIV clinics [5], trained healthcare providers (HCPs) in HIV care, task shifting (e.g., licensing antiretroviral therapy nurse prescribers) [6, 7], using electronic health records [8], making HIV medications free and accessible, and using treatment partners (i.e., participant-chosen peers who counsel and support people living with HIV (PLWH) in attending clinic appointments and taking their medications) [9, 10].
As the survival of PLWH has improved, PLWH are developing other chronic conditions, such as cardiovascular disease (CVD). PLWH are twice as likely to develop CVD than people without HIV infection [11, 12]. Hypertension is a leading risk factor for CVD in the general population and among PLWH globally [4, 13–16]. A recent hypertension study nested within the Botswana HIV Combination Prevention Project found that nearly one-third of PLWH had hypertension [4]. Amongst these individuals, only 46.0% were aware of their hypertension diagnosis, and 42% of those aware were on hypertension treatment; 44% of those on treatment had controlled blood pressure, resulting in only 19% of all people living with HIV and with hypertension (PLWH and hypertension) in the study having attained blood pressure control [4].
Recently, the country’s focus has expanded from HIV alone to co-morbid disease management (e.g., hypertension) amongst PLWH. Building on the successes of HIV care, one evidence-based intervention to improving hypertension management is the integration of hypertension prevention and treatment into existing longitudinal models of HIV care [17–19]. To address the gap in hypertension care for PLWH in Botswana, a bundle of strategies to achieve hypertension and HIV integration was designed: Integrating hypertension and Cardiovascular Care into Existing HIV Services Package in Botswana (InterCARE). This bundle involves hypertension care integrated into the HIV clinic supported by three evidence-based strategies: a) adapted Electronic Health Record to capture hypertension risk and treatment, b) provider training on hypertension diagnosis and management, and c) treatment partners to support adherence to hypertension care and treatment. While there is evidence of the effectiveness of these implementation strategies in HIV clinics in increasing uptake of antiretroviral therapy [6, 7], there is less evidence on the acceptability of, appropriateness of, and factors affecting strategies for integrated hypertension and HIV care in Botswana. This study aimed to identify gaps in current care, summarize the factors affecting the implementation of InterCARE, and highlight the adaptations made to InterCARE implementation strategies prior to the pilot study. The results provided valuable insight into the determinants of implementation that informed tailoring of the InterCARE intervention to the local context prior to a two-stage type 2 hybrid effectiveness-implementation trial.

Methods
Overview of study design and methods
The InterCARE intervention trial is a two-stage type 2 hybrid effectiveness-implementation cluster randomized control trial of a multi-component, multi-level implementation intervention aimed at reducing the risk of CVD among adults with a dual diagnosis of HIV and hypertension followed in HIV clinics in Botswana. The first stage is a pilot study assessing the feasibility of implementing InterCARE. Prior to the pilot study, formative work was conducted to measure gaps in care, facility readiness, and factors affecting the implementation of InterCARE. These results informed adaptations to the InterCARE implementation strategies prior to the pilot study. We present a mixed methods convergent analysis of this formative work and describe the resulting adaptations.

Study setting
The HIV/Infectious Diseases Care Clinic (IDCC) model of care in Botswana, established in 2001 in response to the HIV pandemic, is a HIV clinic for PLWH that provides services limited to HIV management including antiretroviral therapy initiation, follow-up, and antiretroviral therapy failure management [5]. PLWH and hypertension separately attend the general clinic for the management of their hypertension and the remainder of their other healthcare conditions. Two public HIV clinics were chosen for pre-implementation data collection and the pilot study including a small clinic (S clinic) in the south of Botswana (n = 500 patients, rural, staffed primarily by nurses) and a large community clinic (L clinic) in the northeast of Botswana (n ≥ 3,000 patients, urban, staffed by nurses, doctors and a family nurse practitioner (FNP)). The clinics were chosen to optimize variability in the level of care and size across clinics in the primary health HIV care model in Botswana.

Study population
Eligibility and recruitment
Baseline population
PLWH and hypertension (prior diagnosis or newly diagnosed hypertension defined as blood pressure ≥ 140/90 at baseline study visit) aged 20–75 receiving HIV care at one of the two study sites were consecutively enrolled between October 2021 to November 2021 until a sample size of 290 individuals was achieved (n = 50 in S clinic and n = 240 in L clinic).

Pre-implementation stakeholders
Individuals were eligible to complete pre-implementation surveys based on the following criteria for each of the four groups: 1) all HCPs at both clinics, 2) PLWH and hypertension aged 20–75 receiving HIV care at one of the two study sites, 3) HIV treatment partners (e.g., participant-chosen peers who counsel and support PLWH in attending clinic appointments and taking their medications) aged 20–75 who were actively supporting PLWH at one of the two study clinics, and 4) community members (e.g., local leaders, local council members and leaders in the commercial sector) over the age of 20 who attended one of the two study. PLWH and hypertension (n = 20, 50% female), HIV treatment partners (n = 20, 95% female) and HCPs (n = 20, 55% female) were consecutively recruited in person at each clinic site for the pre-implementation surveys and community members (n = 40, 57.5% female) were purposively selected based on role in the community until the targeted number was reached (Table 1, Supplemental Materials).

For key informant interviews (KIIs), from the stakeholders surveyed, a diverse sample of stakeholders with a wide range of perspectives were purposively selected based on their clinic location, and availability to be interviewed (n = 2 HCPs, n = 3 community members, n = 2 treatment partners, n = 3 participants) (Table 2, Supplemental Materials). There were no refusals or dropouts for qualitative interviews.


Data collection
Implementation science framework
The Consolidated Framework for Implementation Research (CFIR) was used to guide quantitative and qualitative data collection. The updated CFIR, published after data collection materials were developed, was used for analysis [20]. The study team selected the updated CFIR constructs of ‘Tailoring Strategies’ and ‘Adapting’ from the updated CFIR as these were deemed relevant to understanding how the determinants of the implementation of the intervention were used to tailor and adapt the intervention prior to the pilot study (Table 3, Supplemental Materials) [21].
Data tools and collection
Facility readiness assessments were adapted from the World Health Organization package of essential noncommunicable disease interventions (WHO PEN) tool [22, 23] and included data on the number of PLWH and hypertension seen at each clinic, staff responsibilities in hypertension management, and availability of clinic resources (e.g. trained staff, guidelines, equipment) (Table 1). Four trained research assistants (described in detail below) completed the facility assessments at each study site using observation, clinic logbooks, and pharmacy stock review.
Table 1Facility assessment of two HIV study clinics


	Assessment
	L clinic (June 2021)
	S clinic (November 2020)

	HIV and hypertension participants/month
	700
	94

	blood pressure machine
	Present, not working
	2 functioning blood pressure machines

	Computer in facility (with EHR capability)
	9 total, 5 in HIV clinic all functional
	8 total, 4 in HIV clinic, all functional

	Electricity
	Depends on national grid, no back-up generator
	Depends on national grid, no back-up generator

	Trained staff for hypertension management
	1 family nurse practitioner (FNP)
	1 FNP in the outpatient department and none in HIV

	Trained staff for blood pressure measurement
	No
	Yes

	Guidelines available
	No
	Botswana HIV treatment guide available, no primary care guidelines

	hypertension algorithm posted
	No
	Yes

	hypertension-related documentation in chart
	None
	Yes

	hypertension medications on site
	None at HIV clinic
	Available at HIV clinic pharmacy

	hypertension meds stockout last 3 months
	None
	None

	hypertension targeted outreach or QI
	None
	None

	Participant education materials
	No
	Yes

	Participant flow
	a
	Well defined

	Blood pressure measurement
	Outpatient department
	HIV clinics

	hypertension management
	a
	HIV clinics and local clinics

	Prescription pickup
	a
	HIV pharmacy and local clinics

	Participant counseling
	No
	Done by nurses

	Facility hypertension management
	Yes
	Yes, but most participants are managed at their local clinics

	Initiation
	Doctor
	Doctor/FNP and HIV clinic nurses

	Follow-up
	Nurse/ Doctor
	Nurses/FNP and Doctor


FNP family nurse practitioner, blood pressure blood pressure
anot available data




Stakeholder surveys included socio-demographics, experiences with hypertension, and attitudes towards InterCARE (1 = strongly agree, 5 = strongly disagree). For HCPs and treatment partners, surveys also included items adapted from an existing questionnaire previously used in Botswana [24] regarding confidence in managing hypertension for HCPs and HIV for treatment partners (1 = very confident, 5 = not very confident).
Semi-structured KIIs were developed guided by CFIR and other factors (e.g., HIV stigma) known to affect HIV care from prior research. KIIs were intended to explore stakeholders’ understanding of and experiences with hypertension, challenges managing hypertension in the current system, and perceptions of the InterCARE intervention (acceptability, feasibility, and relative advantage) (Table 4, Supplemental Materials).
Survey and KII administration
Four university-educated research assistants (3 females, 1 male) fluent in both the local language, Setswana, and in English underwent survey administration and qualitative research training. These trained research assistants pilot tested surveys and KIIs on all key stakeholder groups for feasibility and readability. Informed consent of eligible stakeholders was collected prior to survey and KII administration. Surveys and KIIs were conducted anonymously by the same research assistants who had no prior relationships with the participants. Surveys and KIIs were conducted in English and/or Setswana, based on participant preference, for approximately 30 min in a private room at the clinic. Aside from the interviewee and interviewer, no other individuals were present in the room. KIIs were audio-recorded, transcribed, and translated to English where necessary. No field notes were made during the interviews. A native Setswana speaker (KS) from the study team independently verified the translations. No repeat interviews were carried out, and no transcripts were returned to the participants for comment or correction. A set number of interviews were planned based on time and resources, with no protocol to collect data until data saturation.


Study population
All PLWH and hypertension eligible and enrolled in the pilot phase of InterCARE underwent a baseline study visit with trained research assistants that included measurement of anthropometric data and collection of self-reported socio-demographic, economic, and clinical data. Three left arm blood pressure readings using an automated blood pressure cuff were taken during the initial study visit [25]. An average of the three blood pressure readings, weights, and height measurements were used in analysis. Participant health records were accessed by research assistants to collect co-morbidity, prescription, and laboratory data for enrolled participants.


Data analysis
Quantitative
Anthropometric, socio-demographic, and clinical (co-morbidities, laboratory data) data were summarized using descriptive statistics. Clinical data were used to calculate the WHO CVD Risk Score. As lipids were not readily available for most participants, the non-laboratory based risk charts were primarily used [26]. Uncontrolled blood pressure cut-offs were selected based on 2016 Botswana National Primary Care guidelines, defined as a systolic blood pressure of ≥ 140 or diastolic blood pressure ≥ 90 mm Hg in non-diabetic participants and a systolic blood pressure of ≥ 130 or diastolic blood pressure ≥ 80 mm Hg in participants with diabetes [27]. Chi-square, t test, and Wilcoxon’s rank sum statistics were calculated to compare participant characteristics between those with uncontrolled blood pressure and those with controlled blood pressure.
Descriptive statistics were used to summarize survey and facility assessment data. Based on the distribution of data, survey responses were re-categorized from Likert scales into a binary variable. Strongly agree or very confident (1) and agree or confident (2) were categorized as “agree” and “confident”, respectively. All other responses (3–5) were re-coded as “does not agree” or “not confident”, respectively. Data were organized by CFIR constructs, and each construct was coded as a facilitator ( +), barrier (-), or both facilitator and barrier ( ±). All analyses were completed in Stata Statistical Software (17.0; College Station, 2021).

Qualitative
KIIs were transcribed, and direct deductive content analysis guided by CFIR was completed [28]. Two investigators (PG, NY) read all of the transcripts and independently manually coded the same two full transcripts in Microsoft Word to identify preliminary codes. After discussion of these codes and use of consensus strategies to resolve disagreements, an initial codebook was created and applied to transcripts. In subsequent meetings, a final codebook was agreed upon, and subthemes were expanded and mapped onto the updated CFIR domains and constructs [29]. Coding and subthemes were reviewed by an additional investigator, and both investigators met with senior investigators to reach consensus. Participants did not provide feedback on the findings.

Mixed method analysis
A convergent parallel design was used [30, 31]. The study was designed, and data were collected and analyzed according to best practices commissioned by the Office of Behavioural and Social Sciences Research at the NIH and written by Creswell JW et al. Quantitative and qualitative data were collected simultaneously and analysed independently (Table 4, Supplemental Materials). The results were compared to identify areas of convergence and divergence. Findings were discussed with the research team to validate the results [32].

Adherence to reporting guidelines
The COREQ checklist report was used to report qualitative methods and results in this manuscript. 

Patient and public involvement
Patients and key stakeholders were engaged when designing survey tools and KIIs. Study findings were disseminated to local and Ministry of Health (MOH) clinical staff and key stakeholders.



Results
Gaps in current care
Baseline data were collected on a total of 290 PLWH and hypertension (22.8% male, mean age 54 (SD 11) at the study clinics. HIV viral load was suppressed (< 400 copies/ul) in 97.5 of the population, and 72.5% had a last CD4 count above 500 cells/ul. Obesity (BMI >  = 30kg/m2) was present in 25.5% of the population. Most (90.3%) participants reported taking medications for hypertension, but only 47.2% had controlled blood pressure. The mean systolic blood pressure was 135 mmHg (SD 18 mmHg), and the mean diastolic blood pressure was 88 mmHg (SD 13 mmHg). Male gender (p < 0.01) and decreased CD4 count (p = 0.04) were significantly associated with uncontrolled blood pressure. There were no significant associations of blood pressure control with age, education, employment status, household income, viral load, and BMI (Table 2).
Table 2Baseline Characteristics of Baseline Study Population


	Characteristic
	Controlled blood pressure
	Uncontrolled blood pressure
	Total
	p-value

	N
	137 (47.2%)
	153 (52.8%)
	290 (100.0%)
	 
	Gender

	 Male
	19 (13.9%)
	47 (30.7%)
	66 (22.8%)
	 < 0.01

	 Mean age (SD)
	54.3 (10.9)
	53.6 (11.3)
	53.9 (11)
	0.60

	Highest education

	 Less than primary school
	24 (17.5%)
	38 (24.8%)
	62 (21.5%)
	0.16

	 Primary school
	63 (46.0%)
	56 (36.6%)
	119 (41.3%)

	 Secondary school
	41 (29.9%)
	54 (35.3%)
	95 (32.8%)

	 Higher than secondary
	9 (6.6%)
	5 (6.6%)
	14 (4.5%)

	Employment status

	 Employed
	47 (34.3%)
	57 (37.3%)
	104 (35.9%)
	0.60

	 Unemployed
	90 (65.7%)
	96 (62.7%)
	186 (64.1%)

	Monthly household income in Pulaa

	 No income
	37 (27.0%)
	29 (19.0%)
	66 (22.8%)
	0.53

	 < 500
	24 (17.5%)
	39 (25.5%)
	63 (21.7%)

	 500–999
	36 (26.3%)
	40 (26.1%)
	76 (26.2%)

	 1000 – 4,999
	32 (23.4%)
	35 (22.9%)
	67 (23.1%)

	 ≥ 5000
	3 (2.2%)
	6 (3.9%)
	9 (3.1%)

	 Do not want to answer/do not know
	5 (3.6%)
	4 (2.6%)
	9 (3.1%)

	Clinic location

	 S Clinic
	29 (21.2%)
	21 (13.7%)
	50 (17.2%)
	0.09

	 L Clinic
	108 (78.8%)
	132 (86.3%)
	240 (82.8%)

	Most recent CD4 count in past two years

	 CD4 less than 200
	3 (0.8%)
	1 (0.6%)
	4 (1.6%)
	0.04

	 CD4 from 200–499
	23 (16.8%)
	46 (30.1%)
	69 (26.0%)

	 CD4 at or above 500
	97 (70.8%)
	95 (62.1%)
	192 (72.5%)

	Percentage with undetectable viral load (VL < 400)
	126 (96.9%)
	146 (98.0%)
	272 (97.5%)
	0.57

	WHO CVD Risk [26]
	0.63

	 < 10%
	84 (94.4%)
	105 (90.5%)
	189 (92.2%)

	 10 to < 20%
	3 (3.4%)
	4 (3.5%)
	7 (3.4%)

	 20 to < 40%
	0
	0
	0

	 40 + %
	1 (1.1%)
	3 (2.6%)
	4 (2.0%)

	 Smoking (current)
	9 (6.6%)
	16 (10.5%)
	25 (8.6%)
	0.16

	Percentage with documented diabetes in HIV health record
	2 (1.5%)
	1 (0.01%)
	3 (1.0%)
	–-

	Body Mass Index

	 Underweight
	8 (5.8%)
	12 (7.8%)
	20 (6.9%)
	0.11

	 Normal weight
	43 (31.4%)
	58 (37.9%)
	101 (34.8%)

	 Overweight
	42 (30.7%)
	53 (34.6%)
	95 (32.8%)

	 Obese
	44 (32.1%)
	30 (19.6%)
	74 (25.5%)


BP blood pressure, CD4 helper T lymphocyte cells, CVD cardiovascular disease, SD standard deviation, VL viral load, WHO World Health Organization
a1 Pula to 0.07 USD




Determinants of implementation by CFIR domains
CFIR innovation domain
Innovation relative advantage (+)
HCPs (85%) agreed that InterCARE would be more effective than current models of care at controlling hypertension in PLWH. In KIIs, HCPs, PLWH and hypertension, and treatment partners also believed that InterCARE would be advantageous in reducing transportation costs for PLWH and hypertension, improving medication adherence, and improving patient education compared to the current model of care (Table 3; Table 5, Supplemental Materials)."Because there is a combined screening and consultation for HIV and cardiovascular diseases… [there is a reduced] wait time, [reduced] number of visits to the clinic…and patients are [equipped] with knowledge [to manage their hypertension] in regards to diet and exercise.”
-Nurse

Table 3InterCARE facilitators and barriers identified using CFIR constructs


	Summary
	Quantitative data
	Qualitative data

	CFIR innovation domain

	Innovation relative advantage ( +)

	-InterCARE will be more effective than current models
-Reduction in clinic visits, transportation costs, improved medication adherence and participant education
	-85% HCPs agreed InterCARE more effective than current models of care
	"Because there is a combined screening and consultation for HIV and cardiovascular diseases… [for patients there is a reduced] wait time, [reduced] number of visits to the clinic…and patients are [equipped] with knowledge [to manage their hypertension] in regards to diet and exercise.” -Nurse

	Innovation adaptability (+/-):

	-Concern about intervention adaptability, but may not require much adaptation given baseline clinic services
	-35% HCPs agreed InterCARE would be difficult to adapt to meet patient needs
	“You already have [the services] in place [independently] and now [they would be integrated], so I don’t think [it would be difficult] to maneuver around [services] and achieve integration.” -Nurse

	Innovation complexity (-)

	-Mixed feeling amongst groups regarding complexity of integrated care
	-25% of HCPs and 30% of community members felt InterCARE (combining hypertension and HIV care into the same clinic visit)
-38% of community members and 40% treatment partners felt that using TPs to manage both HIV and hypertension would be too complicated
	No associated qualitative data

	Innovation design ( +)

	-Overall positive perception of design of InterCARE with belief that it would be impactful
	-80% of TPs, over 85% of HCPs and 98% of community members believed InterCARE would be successful, would be easy to understand and have a positive impact
	“…all services must be done in same room (place) without a person moving from one place to another. Also, by giving medications at same place [for HIV and hypertension] without [telling us to] take AR[T] from one side and take high blood pressure medications from the other side, you have come with a good program by combining all of these services.” -PLWH and hypertension

	CFIR inner setting domain

	Structural characteristics (+/-)

	-Staff shortages at baseline, mixed feelings regarding burden of work
-Nurses typically led new initiatives
-eadership structure already in place to support implementation
	-65% of HCPs agreed too much staff was required for InterCARE
-40% of HCPs agreed that there were not enough supportive care resources for integrated care
Doctors initiate and manage hypertension in L clinic, but not S clinic
	“We [as HCPs] deal with patients having to come for a certain service, and tomorrow they are coming for a different service…but knowing that [a patient] might come here once and still be able to get help for 2 or 3 ailments [could prevent staff from overworking and allow participants to utilize their clinic time more efficiently].” -Public health officer
"We don’t have a medical doctor in the cluster so I would say nurses are the ones who take the lead for the new initiatives of improving the care" -Nurse
"We have leaders like district leaders, matrons, chief doctors, also [there] are cluster matrons and facility matrons…They will be able to take the rightful administrative steps…in order for the program to run smoothly." –Nurse

	Compatibility ( +)

	-Compatible with needs of PLWH and hypertension
-Familiarity with treatment partner strategy
	90% of HCPs agreed intervention was compatible with needs of PLWH and hypertension
 ≥ 95% treatment partners and community members agree that treatment partners could successfully help PLWH and hypertension
	“For instance, if somebody has been involved in a road traffic accident and has a fracture… [relatives or close partners take care of that patient so a treatment partner is used for many conditions]. – Nurse
“I do not have any challenges since my treatment partner gives me full support towards my diet, what to/what not to do.”-PLWH and hypertension

	Available resources (-)

	- Missing or non-functioning blood pressure cuffs
-Electricity cuts with no backup generators
-Medication stock outs reported by patients but not clinics
	Non-functioning equipment, gaps in electricity
40% HCPs felt that there were inadequate medical and supportive care resources to manage PLWH and hypertension
Neither clinic reported medication stock outs in the past 3 months
	"We having been reporting that we having defunct bathroom scale…[and] we work with only one [blood pressure] monitor, the other one is not working…the[re] is a regular cut of electricity [and] since our blood pressure machines rely on electricity it means that the checking of blood pressure and pulse rate may be compromised.” -Nurse
“…sometimes you will go to a clinic where the medication is out of stock, and you end up going to X where the medication will also be out of stock…Other challenges could be… travelling a long distance to come for [a] medication refill.”- PLWH and hypertension

	Access to knowledge and information (-)

	-Limited access to guidelines and continued professional development
-HCPs requesting additional training
	National hypertension or primary care guidelines not available in either clinic, hypertension algorithm available in S clinic only
15% of HCPs received hypertension training in past two years
	" I believe [there can be a] large scale training for dispenser[s] and nurses in the clinic. Maybe you can lobby for it or recommend [it]." -Nurse

	CFIR individuals domain

	Innovation deliverers (-)

	-HCPs confidence in hypertension medication management was lacking
-TPs requested additional support (both from staff and other TPs) to manage both hypertension and HIV
	HCPs felt confident diagnosing hypertension but less confident prescribing and adjusting hypertension medications
TPs confident in HIV management, concerned about increased workload managing HIV and hypertension and requesting additional support
	No associated qualitative data

	Opinion leaders ( +)

	-Involvement of local leaders recommended to promote intervention
	No associated quantitative data
	" The Kgosi [chiefs] are the gate keepers to the village so if they are receptive of initiative, chances are people are going to be [accepting]…”- Public health officer

	Implementation facilitators ( +)

	-Model PLWH and hypertension patients (champions) could act as natural advocates for the intervention
	No associated quantitative data
	"They [model patients] are in a position to share their personal experiences [and positively influence their peers]. [Their peers] might be paranoid [about this new thing, but will join if they see that other members in the community are participating]. -Nurse

	CFIR outer setting domain

	Local attitudes (+/-)

	-Mixed experiences with HIV stigma, no hypertension stigma reported
	No associated quantitative data
	“Yes, stigma is very common… Even at my household there is so much stigma, I always hear [my family] criticising people living with HIV [which] is why I opted to open up only to my child because I wanted to avoid their stressful comment[s]”- Treatment partner
“No sir there is no stigma [against high blood pressure]…this thing is now common [and is the] same as taking ARV or taking any pills…You see when AIDS started [there was stigma]. These days a person can go in public saying “I’m going to charge meaning ARV’’ -PLWH and hypertension

	Updated CFIR implementation process domaina

	Tailoring strategies

	-Treatment partner strategy: training was expanded to include support from HCPs and research staff, and training videos

	Adapting

	-Task sharing strategy: hypertension management tasks split amongst nurses, FNPs, and doctors. All HCPs were supported and coached by the study nurse and study physician
-Community and clinic engagement: local leadership was actively involved in supporting and improving the intervention both by providing suggestions for improvement and working with the study team to ensure necessary resources and training would be made available


aA summary of tailoring and adapting that occurred by the study team after data collected was analyzed




Innovation adaptability (+/-)
In surveys, over a third of HCPs agreed that it would be difficult to adapt InterCARE to meet the needs of PLWH and hypertension. In contrast, HCPs interviewed in KIIs felt it would not be difficult to adapt InterCARE to meet the needs of PLWH with hypertension since many services for both conditions were already available.“You already have [the services] in place [independently] and now [they would be integrated], so I don’t think [it would be difficult] to maneuver around [services] and achieve integration.”



-Nurse


Innovation complexity (-)
In survey data, 25% of HCPs and 30% of community members believed that implementing InterCARE in the clinic would be too complex. Regarding the use of treatment partners, 38% of community members and 40% of treatment partners report that it would be too complicated to have treatment partners manage both HIV and hypertension. There were no associated qualitative data collected.

Innovation design (+)
In surveys, treatment partners (80%), community members (98%), and HCPs (90%) thought that InterCARE would be successful at improving the treatment of hypertension for PLWH and hypertension. HCPs (85%) also agreed that the intervention would be easy to understand (85%) and would benefit PLWH and hypertension (95%). The KIIs also reflected these results with a positive perception of integration of HIV and hypertension services by all groups interviewed, including PLWH and hypertension.“…all services must be done in same room (place) without a person moving from one place to another. Also, by giving medications at same place [for HIV and hypertension] without [telling us to] take AR[T] from one side and take high blood pressure medications from the other side, you have come with a good program by combining all of these services.”



-PLWH and hypertension




CFIR inner setting domain
Structural characteristics—work infrastructure (-/ +)
Perspectives on staffing needs prior to implementing InterCARE were variable. In surveys, two-thirds of HCPs (65%) thought InterCARE would require too many staff and other resources.
In KIIs, divergent from survey data HCPs noted in the long-term consolidating clinic visits would decrease the clinical care load.“We [as HCPs] deal with patients having to come for a certain service, and tomorrow they are coming for a different service…but knowing that [a patient] might come here once and still be able to get help for 2 or 3 ailments [could prevent staff from overworking and allow participants to utilize their clinic time more efficiently].”


-Public health officer


The facility readiness assessment identified the different models between clinics, with doctors predominantly initiating and managing hypertension in L clinic compared to more task sharing amongst nurses and doctors in the smaller, more remote S clinic (Table 1).
In KIIs, respondents noted that nurses typically lead new initiatives, a significant factor for successful implementation of InterCARE. A doctor was not always readily available in person, particularly at smaller clinics."We don’t have a medical doctor in the cluster so I would say nurses are the ones who take the lead for the new initiatives of improving the care"


-Nurse


HCPs discussed that the leadership structure within the clinic could serve as a facilitator to support implementation of InterCARE."We have leaders like district leaders, matrons, chief doctors, also [there] are cluster matrons and facility matrons…They will be able to take the rightful administrative steps…in order for the program to run smoothly."


-Nurse



Compatibility (+)
In surveys, 90% of HCPs agreed that InterCARE was compatible with the needs of PLWH and hypertension at clinic. Nearly all treatment partners and community members agreed that treatment partners could successfully help participants manage their hypertension.
In KIIs, it was noted that the use of treatment partners for hypertension is also consistent with the current HIV treatment partner program. In addition, outside of HIV, family and friends informally fill the role of treatment partners for acute and chronic conditions. PLWH and hypertension had a positive view of treatment partners, describing their multi-faceted role in medication and clinic appointment reminders, disease counselling and emotional support.
“For instance, if somebody has been involved in a road traffic accident and has a fracture… [relatives or close partners take care of that patient so a treatment partner is used for many conditions].


–Nurse“I do not have any challenges since my treatment partner gives me full support towards my diet, what to/what not to do.”




-PLWH and hypertension



Available resources (-)
Resource limitations in equipment were documented in the facility readiness assessment, including dysfunctional blood pressure machines and no hypertension medications at L clinic. In surveys, 40% of HCPs agreed that InterCARE would be problematic due to not having enough medical and supportive care resources to care for both HIV and hypertension. KIIs confirmed the lack of essential equipment at baseline (electricity, blood pressure cuffs, working scales) and re-iterated the importance of having available resources to implement InterCARE.“The[re] is a regular cut of electricity [and] since our blood pressure machines rely on electricity it means that the checking of blood pressure and pulse rate may be compromised.”


-Nurse


In KIIs, stakeholders discussed medication stock-outs and long distances to the clinic, both contributing to defaulting on medications.“…sometimes you will go to a clinic where the medication is out of stock, and you end up going to X where the medication will also be out of stock…Other challenges could be…travelling a long distance to come for [a] medication refill.”


-PLWH and hypertension



Access to knowledge and information (-)
In the facility readiness assessment, prior HCP training on hypertension care, and availability of national hypertension guidelines and patient education materials were variable between the two clinics. In surveys, only three (15%) HCPs reporting receiving hypertension training in the past two years. In KIIs, HCPs requested more dedicated hypertension training."I believe there can be a large-scale training for dispensers and nurses in the clinic, maybe you can lobby for it or recommend for it."


-Nurse




CFIR individuals domain
Innovation deliverers (-)
HCPs responsible for direct patient care (nurses, FNPs, doctors) had differing levels of confidence with different components of hypertension management. HCPs felt confident counseling patients on diet for hypertension and identifying uncontrolled hypertension. Few felt confident prescribing medications for hypertension (36.4%) or adjusting medications when hypertension is not controlled (27.3%).
Most treatment partners (70%) agreed to having the confidence and knowledge to help patients manage HIV. Over half (60%) felt they were being expected to do too many things as a treatment partner for HIV, and most (90%) reported needing additional support to complete their job as a treatment partner for HIV (Table 6, Supplemental Materials). There were no associated qualitative data collected.

Opinion leaders ( +)
In KIIs, there was an emphasis on the importance of communicating the intervention in public forums (e.g., kgotla – tribal council) through trusted community members (e.g., nurses and Kgosi – chief) to ensure public acceptance."The Kgosi [chiefs] are the gate keepers to the village so if they are receptive of [the] initiative, chances are people are going to be [accepting].”


-Public health officer



Implementation facilitators ( +)
In KIIs, champions or model patients (with HIV or hypertension) were identified as natural advocates who could promote the intervention, medication adherence, and health lifestyle behaviors in the community.
"They [model patients] are in a position to share their personal experiences [and positively influence their peers]. [Their peers] might be paranoid [about this new thing, but will join if they see that other members in the community are participating].


-Nurse




CFIR outer setting domain

                              Local attitudes (+/-)
HIV and hypertension related stigma were discussed in KIIs. For some, HIV stigma was seen as a major barrier to care. Certain clinic structures did not allow participants with HIV to remain anonymous, and some PLWH and treatment partners were unwilling to disclose their HIV status to peers. Others reported more acceptance of HIV. No stakeholder reported any hypertension related stigma when prompted.“Yes, stigma is very common... Even at my household there is so much stigma, I always hear [my family] criticising people living with HIV…”


-Treatment partner


“No sir there is no stigma [against high blood pressure]…this thing is now common [and is the] same as taking ARV or taking any pills…You see when AIDS started [there was stigma]. These days a person can go in public saying “I’m going to charge meaning AR[T]’’


-PLWH and hypertension


Additional qualitative themes and associated quotations are summarized in Table 7, Supplemental Materials.


CFIR implementation process domain
Prior to implementation and at the start of the pilot study, the mixed methods results were reviewed and discussed by the study team. These results supported existing InterCARE intervention strategies and guided tailoring and adapting prior to the pilot study (Table 4). The updated CFIR implementation process domain was used to characterize these tailored strategies and adaptations.
Table 4InterCARE intervention original strategies and adaptations


	Strategy
	Description

	Electronic Health Records (EHR)
	• Provider prompts: record blood pressure and weight, screen and counsel about physical activity, low salt diet, and weight management, screen and counsel on safe alcohol consumption and smoking cessation, and screening and recording of CVD risk factors
• Provider automatic reminders: diagnosis and action for any out-of-range blood pressure value (> 140/90 mmHg or > 130/80 mmHg if they have underlying diabetes mellitus or chronic kidney disease)
• Documentation: blood pressure, body mass index, CVD risk factors (kidney function, diabetes screening, cholesterol screening), hypertension medications prescribed, hypertension and risk factor counselling performed

	Healthcare provider training
	• Online course of ten modules with pre- and post-test assessments
• One-on-one coaching
Adaptations
• Task sharing strategy: split hypertension management tasks amongst nurses, FNPs, and doctors
◦ Nurses: vitals, participant education, follow-up care, CVD screening
◦ FNPs and doctors: medication initiation, complex hypertension care

	Treatment partners
	• Pair participants with self-selected treatment partner
• Role of treatment partner: communicate at least weekly with participant to provide counselling and support on medication adherence and attending clinic appointments, hypertension knowledge, and healthy diet and exercise
Tailoring:
• Training videos
• Support and one-on-one instruction from healthcare providers

	Engagement and Liaison with Ministry of Health, Clinic Leadership, Community Leadership and Key Stakeholders
	• Prior to the pilot study, senior staff members met with:
◦ The Ministry of Health NCD Committee to review the intervention, provider training and distribution of guidelines in participating clinics
◦ Chief and local leadership regarding sensitizing the community to the intervention
◦ Local District Health Management Teams to discuss the intervention and obtain letters of support to distribute to participating clinics and strategize regarding supplying clinics with necessary resources (e.g., blood pressure cuffs)
◦ Clinic leadership to discuss and adapt the intervention and plan implementation together




Tailoring strategies
To improve the treatment partner strategy and bridge gaps in access to knowledge and information, efforts were made to expand training provided to treatment partners. In addition to the existing one-on-one instruction and support from HCPs and research staff, training videos were created by the study staff specifically for treatment partners.

Adapting
To strengthen the provider training strategy and address staffing shortages reported, the intervention was adapted and a task sharing strategy was added by the study team. Task sharing procedures to split hypertension management tasks amongst nurses (e.g., vitals, participant education, follow-up care, CVD screening) and FNPs and doctors (e.g., medication initiation, complex hypertension care) were included in training. HCPs were also supported and coached by the study nurse and study physician to improve confidence in managing hypertension, particularly prescribing and adjusting medications.
Outside of the three core components of InterCARE, other strategies that were identified as crucial for successful implementation included engaging and partnering with community leaders, clinic leadership, and key stakeholders. Senior members of the study staff met with the chiefs and local leadership to discuss the study to gain support and suggestions to ensure effective implementation prior to commencing the pilot study. To address available resources, meetings between senior study staff and clinic leadership and engagement of the MOH were necessary to ensure that electricity, working equipment, and medications were available.
Not all facilitators were used to tailor and adapt strategies and not all barriers were addressed by the CFIR implementation process domain. For example, HCPs identified model patients as facilitators to mobilize community participation. However due to possible stigma towards having HIV and HTN expressed by PLWH and HTN, the team chose not to include any adaptations that incorporated the use of model patients.



Discussion
In this study population in Botswana, we found that while nearly all of the PLWH and hypertension enrolled were already on antihypertensive treatment, over half had uncontrolled blood pressure. Integrated HIV and hypertension care as implemented through InterCARE was perceived to be an advantageous, compatible intervention design by participants, HCPs, treatment partners, and community members to address the gap in effective delivery of hypertension treatment and blood pressure control amongst PLWH. Significant barriers to implementation of InterCARE arose in the CFIR inner setting constructs of available resources, structural infrastructure (e.g., levels of staffing), and access to knowledge and information which informed the adaptations for InterCARE implementation strategies prior to the pilot study.
The intervention design was viewed favorably, particularly the treatment partner component. Stakeholders expressed their familiarity with treatment partners and recognized its compatibility with the existing HIV clinic infrastructure in Botswana. Recognizing the complex task of integrating hypertension and HIV care, most studies including InterCARE use multiple implementation strategies to achieve integration [17, 33, 34]. The three components of the InterCARE intervention (treatment partners, modified EHR, provider training), particularly the treatment partner component, were chosen carefully and specifically for Botswana based on the strategies that had been successful in controlling the HIV epidemic in Botswana, and to optimize existing clinic structures [5, 7–9].
Identified barriers to intervention implementation included available resources and insufficient staffing for the workload required. These findings are consistent with other studies conducted in Africa [29, 35]. In a study conducted at three HIV clinics of varying hypertension care cascade performance in Uganda, major barriers to hypertension and HIV integrated care included lack of available resources (e.g., functional blood pressure machines), an inadequate supply of antihypertensive medications, and concern regarding extra workload to HCPs [29]. For our pilot study, we incorporated task shifting strategies in our provider training to more efficiently use existing staff and better adapt to existing clinic work infrastructure without increasing workload. This evidence-based approach leveraging existing human resources has also been used in other African settings to address staff shortages [35–37].
Another significant barrier to intervention implementation was limited access to knowledge and information for HCPs. The importance of provider training and limited opportunities for continued professional development opportunities is a thread across many studies integrating HIV and hypertension services [35]. In a mixed-methods study of the implementation of a task-strengthening strategy for hypertension and HIV control, clinic HCPs from 29 HIV clinics in Lagos, Nigeria noted that a sub-optimal number of clinics (52%) reported access to hypertension training materials. Training was desired as long as it did not overburden health care HCPs [36]. This study had consistent findings highlighting the need for dedicated provider training in HIV/hypertension integration interventions [18, 38–40], which is a key component of the InterCARE intervention. In addition to providing continuing professional development (CPD) opportunities through provider training, one-on-one coaching and supportive supervision were added evidence-based strategies [41–43], aimed at addressing low confidence amongst HCPs.
A strength of this study design was the use of the updated CFIR to identify determinants of implementation and guide adaptations of implementation strategies. This is one of the few studies to use the updated CFIR to assess factors that influence hypertension and HIV care integration [29, 36]. This study demonstrates the utility of the updated CFIR as a guiding framework for systematic implementation of integrated care in settings outside of Botswana [20, 44]. CFIR has been used less frequently in LMICs compared to high income countries (HICs) and there is a growing amount of literature on CFIR expansions and modifications that better fit the global context. Means AR, et al. adds CFIR domains and constructs that address scalability and sustainability of an intervention and acknowledge relationships between CFIR domains and constructs [45]. This is particularly valuable in settings like Botswana where resource limitations (e.g., internet connectivity, electricity, medication availability) that are barriers to implementation of the intervention will likely also be barriers to scaling and sustaining the intervention. Addressing these limitations will likely require complementary strategies across multiple CFIR domains.
Another strength of this study was the addition of the community stakeholder perspective. Community acceptance plays a central role in health care provision in Botswana [46, 47]. Local leaders and clinic staff are important facilitators in sensitizing the population to, and promoting, integrated care. The central role that chiefs and the kgotla, the community council, play in the lives of the citizens of Botswana has long been recognized in National MOH Guidelines in Botswana as a key facilitator in healthcare delivery [46]. The addition of a strategy to engage and partner with key stakeholders, including the MOH, clinic leadership, and community leadership can serve to strengthen the delivery of InterCARE.
Limitations of this study design include the small sample size and limited perspectives in KIIs from HCPs who were prescribers of antiretroviral therapy and antihypertensives (doctors and FNPs). Time and resource limitations prevented the collection of more KIIs for all groups, which would have helped achieve data saturation and a more comprehensive assessment of barriers and facilitators to each of the three major strategies. Another limitation was a potential selection bias as all stakeholders, including community members, were recruited from the HIV clinic setting. In future studies, community recruitment may be helpful in gathering a more universal sample of opinions. Our qualitative sample size may have also contributed to divergent quantitative and qualitative data for a few CFIR constructs. As a pilot study, for some CFIR constructs saturation of themes may not have been achieved to reflect the full diversity of convergent and divergent opinions. For example, for the CFIR innovation domain construct of adaptability, one third of participants agreed that InterCARE would be difficult to adapt but the remainder disagreed with this statement. It is possible that the sampling of participants for KIIs was biased and only reflected the opinions of those that disagreed with this statement.
For other constructs, divergent data may have arisen due to differences in how participants understood the survey questions versus KII questions. However, because we used a convergent parallel mixed methods study design, in which qualitative and quantitative data were conducted during the same study phase, we were not able to use the qualitative data to help explain quantitative data (as would have been possible with an explanatory sequential mixed methods design.” [30].
Finally, this study only includes perceived determinants of implementation based on a description of the planned implementation of InterCARE. Further insights will be obtained during the two-stage type 2 hybrid effectiveness-implementation trial.
While this study focused on key facilitators and barriers that were addressed directly, further research is needed on the potential indirect effects of integrated care. In KIIs, stakeholders discussed the role of HIV stigma in care seeking behaviors. It is possible that receiving hypertension care in HIV specific clinics may have the potential to exacerbate HIV stigma affecting both HIV and hypertension care. Adding hypertension services to HIV clinics may not adequately address HIV-related stigma and will be an important factor to explore further during the pilot and randomized controlled study [48].
Botswana, like many other LMICs, is at a crossroads moving forward from the devastation of rampant, poorly controlled HIV decades earlier. Now faced with a growing epidemic of hypertension, immediate action is needed to better control hypertension in this setting. Utilizing existing HIV infrastructure through integration of services is an intervention strategy that is gaining traction worldwide [18, 49]. Our study found that the integration of hypertension and HIV services through the InterCARE intervention was viewed positively. Implementation strategies of key stakeholder engagement and partnership, provider supervised support and coaching, and task sharing can be used to address major barriers, utilize facilitators, and strengthen the existing components of InterCARE. These strategies along with the core InterCARE strategies are now being tested in a nation-wide two-stage type 2 hybrid effectiveness-implementation cluster randomized control trial.

Conclusion
Integrating hypertension services in HIV clinics is a feasible and acceptable intervention that is envisioned to be effective in better controlling blood pressure, with potential advantages over the current standard of care. Barriers exist, but strategies to address these can be successfully adapted and will be tested in the planned pilot study.
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