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In patients with HIV-diabetes mellitus (DM) comorbidity, invasive blood glucose testing can increase
the risk of HIV-related blood contamination and discourage regular glucose monitoring. Digital
continuous glucose monitoring (CGM) systems may allow real-time glucose monitoring without the
need for blood specimens. However, in high-burden HIV-DM countries, current glucose monitoring
practices and their challenges are insufficiently explored to guide digital CGM research and
developments. This study sought to explore the lived experiences of patients with HIV-DM comorbidity
and their healthcare providers regarding glucose monitoring practices, and their openness to CGM and
other digital technologies, to provide formative insights for a planned implementation trial of digital
CGM in Ethiopia. A phenomenological qualitative study was conducted among patients with HIV-DM
and their providers at the two largest public hospitals in Ethiopia. Both groups were interviewed face-
to-face about DM clinic workflows, blood glucose monitoring and self-testing practices, and potential
benefits and limitations of digital CGM systems. Interviews were audio-recorded, transcribed verbatim,
and analyzed thematically. A total of 37 participants were interviewed, consisting of 18 patients with
HIV-DM comorbidity and 19 healthcare providers. Patients had an average (min-max) duration of living
with HIV and DM of 14 (8-31) and 6.6 (1-16) years, respectively, with 61% taking insulin—33% alone
and 28% alongside oral hypoglycemic agents—and 79% having comorbid hypertension. The thematic
analysis identified five main themes: “Diabetes routine clinical care and follow-up”, “*Blood glucose
monitoring practices”, “Perceptions about digital CGMs", “Technology adoption”, and “Financial
coverage”. Home self-testing was deemed beneficial, but the need for regular follow-ups, result cross-
referencing, and glucometer reliability were emphasized. Patients performed fingerstick themselves
or with family members, expressing concerns about waste disposal and the risk of HIV transmission.
They rely mainly on health insurance for DM care. Patients and providers are happy with the quality

of DM services but note a lack of integrated HIV-DM care. Very few providers and patients possessed
background information about digital CGMs, and all have not yet utilized them in practice, but
expressed keen interest in trying them, representing an important step for upcoming CGM clinical trials
in these settings. Given the crucial role of regular glucose testing in managing HIV-DM comorbidity, it
is essential to explore testing options that align with patient preferences and minimize the risk of HIV
transmission.
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HIV-diabetes mellitus (HIV-DM) comorbidity presents a significant health challenge, particularly in countries
with a high HIV prevalence!2. Current standard-of-care practices for managing diabetes often involve invasive
blood pricking techniques. These methods include self-testing with capillary blood glucometers, point-of-care
testing devices for capillary or venous glucose at health facilities, and analyzers for venous blood glucose and
glycosylated hemoglobin (HbAlc) levels. Unfortunately, the painful and invasive nature of these procedures
leads to two-thirds of patients with DM avoiding regular monitoring of their glycemic levels due to tissue damage
caused by repeated blood collection®*. For patients with HIV-DM comorbidity, household members may be at
risk of HIV transmission as patients often involve family members in glucose testing, during fingerstick, testing,
or disposal, when they are unable to perform these tasks themselves or are unwell.

In recent years, new digital continuous glucose monitoring (CGM) systems have emerged to enhance glycemic
control and monitor treatment outcomes with minimally invasive procedures. The systems are based on the
principle of optical (photoacoustic detection), electromagnetic (nanomaterial-based sensing and electromagnetic
sensing), or acoustic (spectroscopy) methods>®. Real-time CGM (rtCGM) devices, such as the Freestyle Libre
2 flash rtCGM (Abbot Laboratories, Alpharetta, Georgia, US)” and the Dexcom G6 rtCGM (Dexcom, Inc., San
Diego, CA, US)® have notably gained prominence. These devices enable patients to monitor their glucose levels
without needing fingerstick or blood specimens. The devices are equipped with a small electrode sensor that
is inserted into the skin of the patient’s arm to measure glucose in the interstitial space, and continuously read
glucose levels in real-time and provide alerts for hyper- or hypoglycemia anytime and anywhere. Additionally,
they feature systems for directly sharing results with clinicians and linking results to smartphone applications”®.
Current developments in digital health for DM extend beyond CGM, which include support for healthy nutrition
and weight control, guidance on medication dosing, patient training, maintenance of lifestyle modifications, and
ultimately, reducing disease complicationsg. However, limited randomized controlled trials (RCTs), cohorts, and
case-control studies have been conducted to inform the benefits, challenges, and recommendations concerning
diabetes digital App technologies”.

In low- and middle-income countries (LMICs), where three-fourths of people with DM reside and access
to management and care is limited!!, there is an urgent need for evidence on how these individuals can benefit
from emerging diabetes technologies such as CGM. This is especially crucial in countries such as Ethiopia that
have demonstrated a commitment to the digitalization of their health care systems. In Ethiopia, approximately
2 million people aged 20 to 79 live with DM, having an estimated annual mortality of 26,448'2. The country has
a high number of people with pre-diabetes, including impaired glucose tolerance and impaired fasting glucose,
indicating a future rise in diabetes cases that the country’s health system must prepare for. The country’s diabetes
healthcare expenditure remains among the lowest, affecting access and quality of diabetes care and management.
Similarly, in Ethiopia, 610,000 people have been diagnosed with HIV, 480,264 (78%) were on antiretroviral
therapy (ART), and 12,000 died due to HIV in 2021'3. Facility and population-based studies reveal varying
rates of diabetes prevalence among people living with HIV (PWH), ranging from 7.1 to 80.6%'4-17. However,
innovative models that integrate diabetes care into HIV clinics are lacking. Digital health solutions hold promise
in the country!'®-2!, and national efforts are underway to implement this technology effectively?>?3.

Qualitative studies from African and developed countries reveal that while DM patients and healthcare
providers generally find CGM acceptable and appropriate, they express concerns regarding health education,
financial burdens, limited services, device improvements, consumer support, insurance coverage, device
accuracy and reliability, and challenges related to device insertion, adhesion, and removal?*-2%. Although such
studies from Ethiopia have not been documented, qualitative researches on patients with HIV-DM comorbidity
in the country highlight several barriers at the individual, healthcare, and community levels that hinder their
access to diabetes care, including a lack of integrated services, long waiting times, costs, and experiences of
stigma and discrimination®-*°. Negligent and irregular blood glucose testing, limited access to home blood
glucose monitors, and infrequent diabetes follow-up visits at healthcare facilities are significantly associated with
poor glycemic control in the country®!-3,

Therefore, this study aimed to explore the lived experiences of patients with HIV-DM comorbidity and their
healthcare providers regarding glucose monitoring practices, and their openness to CGM and other digital
technologies, to provide formative insights for a planned implementation trial of digital CGM in Ethiopia.

Methods

Design

This was a qualitative phenomenological, facility-based study. The study adhered to the COREQ (COnsolidated
criteria for REporting Qualitative studies) guidelines. The analysis was guided by key exploratory research
questions arising from the WHO’s digital health implementation considerations, addressing areas such as
services and applications, standards and interoperability, workforce, and infrastructure®’. The exploratory
research questions included:

o What glucose monitoring methods are currently used, and how do patients and healthcare providers perceive
the effectiveness and reliability of the methods?

o What are patients’ experiences and feelings about fingerstick and glucose self-testing?

« How do patients and providers perceive digital CGM systems?

« How is healthcare services delivered to patients with HIV-DM comorbidity, and how can this care be inte-
grated with CGM systems?
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Setting

The study took place in Ethiopia, which has 523 public hospitals. Among these hospitals, five operate at the
national level under federal government leadership, while the remaining 518 public hospitals provide services
at the regional or zonal level, overseen by Regional Health Bureaus. From the five federal hospitals, two were
purposively selected for this study due to their significant role as primary facilities for HIV and diabetes care,
serving larger populations that come from all corners of the country. These selected hospitals are Tikur Anbessa
Specialized Hospital and St. Paul’s Referral Teaching Hospital.

Tikur Anbessa Specialized Hospital stands as Ethiopia’s largest tertiary-level specialized and teaching
hospital. It operates as a public teaching hospital affiliated with the Addis Ababa University College of Health
Sciences, comprising four multitiered Schools. With a workforce of approximately 1,245 clinical and 1,200
administrative staff, the hospital hosts over 20 departments, offering a wide range of medical, surgical, obstetrics
and gynecology, radiology and imaging, clinical laboratory, and pharmacy services*>*. The hospital houses
two separate HIV clinics for adults and children, where over 4,000 PWH receive ART. The hospital operates a
diabetes clinic, serving close to 1,000 diabetes patients on an outpatient basis each month.

St. Paul's Referral Teaching Hospital ranks as the second largest tertiary-level referral teaching hospital
in Ethiopia. It serves approximately 1,200 clients daily and employs around 3,000 clinical, academic, and
administrative staff who offer specialized medical services to patients referred from across Ethiopia®’. The
hospital holds 13 departments providing comprehensive clinical care and treatment. It has separate dedicated
clinics for diabetes and HIV, with the HIV clinic alone providing ART services to over 5,080 PWH?®,

Participants

This study was based on the lived experiences of patients with HIV-DM comorbidity and their healthcare
providers. Within the broader population of patients with DM, the study specifically targeted those with HIV-
DM comorbidity for their heightened risk of in-house blood contamination during self-testing, which carries
a risk of HIV transmission among family members and increases the burden of fingerstick procedures among
patients.

Patient participant recruitment

The study’s patient population included adults aged > 18 years with HIV-DM comorbidity who were receiving
diabetes care at the diabetes clinics within the two study hospitals. To be eligible for participation, a patient
needed to have HIV-DM comorbidity, possess a formal diabetes identification (ID) number registered in the
electronic health records (EHR) of the diabetes clinics, attend the diabetes clinic at the time of data collection,
and demonstrate the ability and willingness to provide informed consent. “Attending the diabetes clinic” was
defined as having visited the DM clinic within the last six months for either a diabetes medication refill or clinical
follow-up. The participants were recruited using the EMR database in each facility as the sample frame. In each
diabetes clinic, the EMR data were reviewed, and individuals with HIV-diabetes comorbidity were identified
using purposive sampling. Among these, those who had visited the facility recently within the last six months
were identified by the study team, and their upcoming follow-up visit or medication refill appointment dates
were recorded. Those with very recent follow-up visits were selected for interviews, targeting a prespecified
sample size of 20 patients—10 from each study site—to achieve thematic saturation.

Healthcare provider participant recruitment
The healthcare providers involved in this study included medical doctors, nurses, and medical laboratory
technologists directly involved in the diagnosis, care, and treatment of patients with HIV-DM comorbidity.
To be eligible, these participants were required to be full-time staff members at the study hospitals, primarily
engaged in providing diabetes and HIV services for a minimum of three months to ensure a good understanding
of patients with HIV-DM comorbidity and demonstrate the ability and willingness to provide informed consent.
Using purposive sampling, providers who met all required criteria were selected from the study sites, with a
targeted sample size of 20 providers—10 from each study site—prespecified to achieve thematic saturation.
Recruitment stopped upon reaching thematic saturation, indicating a full understanding of the participants’
perspectives during the interviews, with no new data emerging, The planned maximum was set at 40 total
participants, including both patients and providers.

Face-to-face interviews

Interview guides for both participant groups were developed in line with the objectives of the study and
following reviews of existing literature. The interview guides, initially developed in English, were translated
into Ambharic, the national language of Ethiopia and the language used for formal communication in the study
settings. Consequently, the interviews were conducted in Ambharic. Trained study staff conducted face-to-
face interviews using open-ended guides, with each session lasting between 45 and 60 min. Reflexivity was
integrated throughout the study process to encourage the investigators’ self-reflection and peer debriefing on
personal assumptions or experiences that could impact data collection and analysis. The socio-demographic
characteristics of the patients and providers were also recorded. Interviews were audio-recorded and transcribed
verbatim.

Patient participants were interviewed during their regular appointment dates at the diabetes clinics, with a
first-come first-served approach, in a separate quiet room once they had completed their follow-up visit. The
interview guide covered various topics, including the participants’ history of receiving care at the diabetes clinic,
any integrated HIV-diabetes services they received, whether they had ever missed routine diabetes appointments
and reasons for doing so, the workflow during their follow-up visits, the glucose testing mechanisms they used
to monitor their glucose levels regularly, the benefits and challenges associated with current glucose monitoring
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practices, their views on self-testing blood glucose levels using glucometers, their experiences and feelings
regarding fingerstick, how their diabetes diagnosis and treatment costs were covered, their knowledge about
digital CGM systems, their opinions on the feasibility of such devices being introduced, and their evaluation of
their capacity to handle electronic devices.

Provider participants were interviewed at a mutually convenient time and location. The interview focused
on several key areas, including their role in managing patients with HIV-DM comorbidity, the current workflow
and management systems for diabetes care, any specialized services or integrated HIV-DM models of care
provided, the glucose testing methods employed for regular monitoring of diabetic patients, the advantages and
challenges associated with current glucose monitoring practices for patients with HIV-diabetes comorbidity,
their perspectives on patients self-testing their blood glucose levels using personal glucometers, their familiarity
with digital glucose monitoring devices, and their opinions on the feasibility of implementing such devices, both
for patients and in terms of integration with the current EMR system.

Interview measures
The interview guide included 16 questions for both patient and provider participants, organized into four key
domains. The questions addressed the following topics:

« What glucose testing mechanisms are currently utilized to regularly monitor glucose levels of patients with
DM?

» How do patients and their providers perceive self-testing blood glucose levels using patients’ own glucometer?

o What are the benefits and challenges of the current standard of care glucose monitoring practices, and how
trustworthy are blood glucose results obtained from glucometer self-testing and facility laboratories?

» What are patients’ experiences and feelings about fingerstick?

« What is the workflow in DM clinics for the management of patients with DM in their regular follow-up?

« What special services or HIV-DM integrated models of care exist for patients with HIV-diabetes comorbidi-
ty? Are they getting the services separately for the two diseases or at a time as integrated care?

« Do patients ever miss their routine diabetes appointments? If so, why?

« How are the costs for diabetes diagnosis, treatment, and follow-up covered?

o Are patients and their providers aware of digital glucose monitoring systems?

« How do patients and clinicians perceive digital CGMs as they learn about them from study staff?

« How do patients and providers view the feasibility of digital CGM being brought to them? Do they think they
will be able to adapt and handle them with optimum training and guidance?

« How do healthcare providers evaluate the current EHR systems in the hospital to link with and support the
digital CGM?

« How do patients and providers evaluate their capacity to handle such new digital systems, including their
prior experience using glucometers, smartphones for health and lifestyle monitoring, or laptops or desktop
computers?

Do patients and providers believe that technology in general makes their lives easier or more difficult?

The exploratory questions included the operational aspects of diabetes management, exploring how diabetes
clinic workflows, HIV-DM integrated care, appointment, and the costs of care and diagnosis are handled.
The goal was to gain insights from participants’ lived experiences regarding these operational factors and to
investigate their potential direct and indirect impacts on the implementation of CGM systems. Additionally,
demographic information was collected from participants during the interview.

Data analysis

The verbatim transcripts were produced involving the translation of transcripts from the local (Amharic) language
into English and read by the research team. The translated transcripts were then thoroughly read to facilitate
familiarity and initial theme through phenomenological method. Each interview translation was structured by
interview question and response, with open coding applied to each. Initial coding was performed by TM, M],
and study staff members, with a subset of interviews independently coded by a second researcher to ensure result
validity. The research team reviewed and revised the coding, resolving discrepancies through group discussions.
Once saturation was achieved, codes were organized into distinct themes. One team assigned meaningful text to
the identified domains, while another ensured the codes aligned with those domains. The teams then narrowed
down the translations to segments relevant to the study objectives and reached consensus on the selected quotes.
Participant quotations were presented in tables to illustrate each theme. The sociodemographic characteristics
of participants were analyzed descriptively.

Ethical consideration

Ethical approval has been granted by the Institutional Review Board of the College of Health Sciences, Addis
Ababa University, Ethiopia, and the Institutional Review Board (IRB) of St. Paul’s Hospital Millenium Medical
College, Ethiopia. Following the IRB approvals, permission has been obtained from the study sites to commence
the study. All methods were performed in accordance with the relevant guidelines and regulations. The study
adhered to the principles of trustworthiness in qualitative research to ensure credibility, transferability, conform-
ability, and dependability. Direct and indirect identifiers were minimized during data collection and replaced
with codes, and the collected audio and written data were protected against unauthorized access. Potential study
participants were provided with a comprehensive study information sheet and were required to sign a consent
form. All documentation leaving the study sites was anonymized.

Scientific Reports |

(2024) 14:28862 | https://doi.org/10.1038/s41598-024-79967-y nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Results

Participants’ characteristics

We interviewed a total of 37 participants, consisting of 18 patients with HIV-DM comorbidity and 19 healthcare
professionals responsible for providing diabetes care and treatment to PWH. The mean ages of the patients and
providers were 54.2 and 34.9, respectively, with age ranges spanning from 42 to 71 for patients and 26 to 50
for clinicians. Patients had an average duration of living with HIV of 14 years (ranging from 8 to 31 years) and
with DM of 6.6 years (ranging from 1 to 16 years). Among them, 61% were on insulin therapy—33% using it
alone and 28% in combination with oral hypoglycemic agents. Additionally, 79% of the patients had comorbid
hypertension. Table 1 summarizes the characteristics of study participants.

Study themes
The thematic analysis generated five primary themes with 16 subthemes. These main themes included “Diabetes

routine clinical care and follow-up”, “Blood glucose monitoring practices”, “Perceptions about digital CGMS,
“Technology adoption”, and “Financial coverage”. Figure 1 illustrates the themes and sub-themes.

Theme 1: diabetes routine clinical care and follow-up

Theme 1 focused on the regular clinical care and ongoing monitoring of diabetes, leading to the identification of
four subthemes: workflow, patient engagement, patient satisfaction with clinical care, and DM-HIV integrated
care. Table 2 illustrates some of the major quotes highlighting what participants emphasized in each subtheme
under this theme.

According to the interviewees, DM clinics adhere to a first-come, first-served system. The procedural
flow involves providing health education, collecting patient cards, recording vital signs, assigning patients to
physicians, reviewing glucose and other lab results, conducting essential examinations and treatments, and
setting up the next appointment. Clinicians order laboratory tests, which patients need to received and bring
with the test results to their next appointment. New patients undergo initial investigations, and subsequent
appointments are tailored to their clinical requirements. Most patients have been under diabetes care in hospitals
for an average of around six years. They maintained a regular visit schedule, usually every three months, although
clinic appointments may be adjusted based on their health condition. Clinicians emphasized the importance of
health education in patient care, focusing on diabetes management. The clinics offer education sessions thrice
weekly on medication, injections, nutrition, exercise, and glucose control.

The patients underscored their dedication to attending appointments consistently, demonstrating a strong
sense of engagement regarding their diabetes care. They adhered to scheduled follow-up visits and recognize the
significance of regular monitoring and medication adjustments. However, it is worth noting that according to
clinicians, some patients, especially those facing transportation obstacles or significant social obligations (e.g.,
social determinants of health), may occasionally miss follow-up appointments or visit another nearby health
center. The patients expressed satisfaction with the level and quality of care provided, including their interactions
with nurses, doctors, and pharmacy staftf. However, they did acknowledge occasional challenges, such as longer
appointment times, prolonged wait times arising from high patient volume, limited availability of diabetes
medications, and obstacles in accessing specialists in the field.

Both patients and clinicians highlighted the lack of integrated services for patients with HIV-DM comorbidity.
Patients care journey involve managing diabetes and HIV separately, requiring separate appointments at different
clinics-DM clinic and ART clinic. Patients expressed dissatisfaction with this gap. The patients perceived the
integrated appointments as beneficial in terms of time-saving and convenience. Clinicians acknowledged that
patients with HIV-DM comorbidity were managed alongside other patients with either comorbidity, with
similar appointment scheduling and clinical workflows, as there was no dedicated clinic for patients with HIV-
DM comorbidity.

Theme 2: blood glucose monitoring practices

Theme two illustrates the systems and practices utilized for monitoring blood glucose levels, resulting in six
subthemes: devices and techniques, patient self-testing, fingerstick, results reliability, and access to supplies.
Table 3 consolidates the major quotes provided by study participants for each subtheme.

The glucose monitoring technique primarily revolves around Fasting Blood Sugar (FBS) and HbA1c tests.
FBS entails a combination of self-testing at home using glucometers and laboratory-based testing either within
or outside the hospital setting. As per interviews with medical laboratory technologists, the hospital laboratories
are equipped with automated COBAS and/or Beckman Coulter clinical chemistry analyzers for FBS and related
testing. Patients who provide blood samples during clinical visits can expect results to be available the following
day, which puts an additional burden on both the patients and clinicians. Runners, tasked with maintaining log
books of sample collections, retrieve these results from the laboratory and input them into the patient charts for
review by clinicians. To help complete the visit on the same day, patients were encouraged to undergo FBS testing
either through self-testing at home or in laboratories prior to their visits and to bring the results with them. In
emergency situations involving hypoglycemic patients, nurses conduct random blood sugar (RBS) testing in the
clinic or at the triage using point-of-care glucometers available on-site, avoiding the need to send patients to the
laboratory.

Patient self-testing at home was widely recognized as advantageous. Clinicians recognized that self-
monitoring of glucose levels empowers patients to manage hypo/hyperglycemia, seek timely medical assistance,
and provide valuable data. According to the clinicians, some patients preferred self-monitoring of their blood
glucose levels and present their records during follow-up appointments. These patients exhibit disciplined
adherence to treatment and take proactive measures to manage their condition. Patient interviewees also found
self-testing helpful for adjusting their diet and lifestyle based on blood glucose levels, enhancing awareness and
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Participants Characteristics TASH, n | SPHMMGC, n | Total, n, %

People with HIV Sex
Male 6 7 13,72.2%
Female 2 3 5,27.8%
Age category (years)
40-49 3 1 4,22.2%
50-59 3 6 9, 50.0%
60-69 2 2 4,22.2%
70-79 0 1 1, 05.6%
Education
Primary 3 4 7, 38.9%
Secondary 2 4 6,33.3%
University/College 3 2 5,27.8%
Residence
Addis Ababa 7 8 15, 83.3%
Out of Addis Ababa 1 2 3,16.7%
Diabetes duration (years)
1-2 1 3 4,22.2%
3-5 3 1 4,22.2%
6-10 3 4 7,38.9%
11-15 0 2 2,11.1%
16-20 1 0 1, 05.6%
HIV duration (years)
6-10 3 3 6,33.3%
11-15 3 4 7,38.9%
16-20 2 2 4,22.2%
31-35 0 1 1, 05.6%
Glucose lowering medication
Insulin 2 4 6,33.3%
Insulin+ Oral 2 3 5,27.8%
Oral hypoglycemic agents 4 3 7, 38.9%
Hypertension comorbidity
Yes 6 8 14,78.8%
No 2 2 4,22.2%

Healthcare providers | Sex
Male 1 5 6,31.6%
Female 8 5 13, 68.4%
Age category (years)
18-29 3 2 5,26.3%
30-39 4 5 9, 47.4%
40-49 2 2 4,21.1%
50-59 0 1 1,05.2%
Education
MD + Specialty 4 1 5,26.3%
MSc/MPH 2 0 2,10.5%
BSc 3 8 11, 58%
Diploma 0 1 1,05.2%
Profession
Medical Doctor 4 3 7,36.9%
Health Officer 0 2 2,10.5%
Clinical Nurse 4 4 8,42.1%
Medical Lab technologist 1 1 2,10.5%
Duration of work as a health professional (year)
<2 0 1 1,05.2%
3-5 4 2 6,31.6%
6-9 3 3 6,31.6%
10-19 2 2 4,21.1%
20-29 0 2 2,10.5%
Duration of work as staff in the study hospital (year)
<2 4 4 8,42.1%
3-5 2 2 4,21,1%
6-9 2 2 4,21.1%
10-19 1 2 3,15.7%

Table 1. Characteristics of study participants.
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Thematic analysis of digital CGM systems for patients with HIV-DM comorbidity

Diabetes routine Blood glucose . q o
P 2 Perceptions about Technology Financial
clinical care and monitoring Lt .
. digital CGMs adoption coverage
follow-up practices
Work flow Dewcgs el Acceptability Exposure Health insurance
techniques
PR Patient self-testing Prerequisites EEmE S el Out-of-pocket
engagement challenges
Satisfaction with Fingerstick Integration into

clinical care facility EMR

HIV-DM integrated

Results reliability
care

Supplies

Fig. 1. Themes and subthemes.

Theme 1: Diabetes routine clinical care and follow-up
Subthemes
Workflow

- Patient 7: “Initially, particularly if you arrive early in the morning, theres always a session on health education. Next, they collect our cards and begin calling out our names. Once called,
we proceed inside the examination room, where the doctor attends to us. They inform us of our results, offer advice, or adjust medications as needed. Afterward, they provide us with our
next appointment.”

- Clinician 0719: “Due to the high volume of patients in our clinic, visits are scheduled every three to six months. However, depending on their glycemic control and the presence of organ
complications that require closer monitoring, some patients may have monthly appointments tailored to their clinical needs.”

- Clinician 0836: “Newly diagnosed patients often have high glycemic levels in both HbAlc and FBS. Initially, we request frequent short appointments until we achieve control, ensuring
medication adherence and follow-up. Once targets are met, appointments shift to every three months. If recurrent hypoglycemia occurs, appointments may be scheduled monthly”

Patient engagement

- Patient 1124: “No matter what, I attend my appointments. If I forget, my children remind me and bring me here. They warned that missing appointments means no service on that day,
which would be frustrating”

- Patient 1105: “Missing appointments has serious consequences, especially for patients like me, so I always show up on my scheduled day.”

- Clinician 0643: “Patients might skip their regular follow-up appointments due to illness, rainy weather, or being away from Addis Ababa, often opting to seek treatment at a health center
instead.”

Satisfaction with clinical care

- Patient 2543: “The nursing staff is exceptionally kind and cooperative. They prioritize patients who are feeling unwell and ensure prompt attention to their needs.”

- Patient 0351: “The appointment occurs every three months, which feels like a lengthy interval to me. Having a check-up every three months doesn’t provide me with the confidence I need
because I would not be aware of any changes in my condition during that time. That’s why I prefer to visit the health center for more frequent check-ups. I monitor my health there every
one or two weeks.”

DM-HIYV integrated care

- Patient 0304: “As of now, it’s still separate. My appointment for refilling my HIV medication is scheduled for August, so I will attend then.”
- Clinician 0256: “ART clinics have been introduced to a new term, ‘advanced HIV disease,” which is related to ART care. However, there is not anything particular that addresses DM-
HIV comorbidity. Aside from OIs, the rest is not a focus area for ART clinics.”

Table 2. Theme 1 and its subthemes regarding diabetes routine clinical care and follow-up.

management of their health. However, both clinicians and patients emphasized the importance of providing
proper guidance on glucometer handling and suggested cross-referencing results with laboratory results or
HbAlc to ensure accuracy. They also cautioned against glucometer malfunction. While generally trusting the
results, patients acknowledged occasions where doctors could request repeat tests, indicating some skepticism in
certain situations. Clinicians, in general, note that a considerable number of patients do not have a glucometer
at home, though they are interested in having one, but often check their glucose levels at nearby health facilities
or pharmacies, beyond their routine clinic visits. They typically record these results in a notebook provided by
healthcare professionals.
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Theme 2: Blood glucose monitoring practices

Subthemes

Devices and techniques

- Clinician 0836: “We regularly monitor patients using FBS and HbAIc tests. Some patients have their own devices, and we advise them to self-test and bring their results on the next
appointment. If I give a three-month appointment to my patient, I instruct to provide samples 2-3 days before their appointment to allow for the laboratory processing time.”

- Laboratory technologist 0743: “One of the machines we utilize is the Beckman Coulter, which is widely recognized as one of the most commonly used machines in the developed world.
The other is the COBAS machine, which is also common. Both machines employ state-of-the-art protocols and methodologies.”

- Clinician 0256: “The main problem here is the laboratory process that patients cannot get the result on the same day that they give a sample.”

Patient self-testing

- Patient 0330: “My device is named On call. I can handle it by myself. let alone a person like me who is educated, even someone without education can interpret if the result is high or low.
Some might quickly seek advice from health facilities, thinking the device is not functioning”

- Patient 08: “I have the device at home, but I am not sure of its name. My daughter handles everything. She takes my blood, puts it on the device, and tells me the result. She is in college
studying to become a health professional.”

- Patient 06: “With optimum training, it can be adapted. I say this because initially, I was not shown how to use the device. It was only when I went to the pharmacy and the pharmacist
demonstrated the measurement process while assisting me that I learned. Once back home, I could do it independently. Honestly, I hurt my fingers during the first few self-testing days.”

Fingerstick

- Patient 07: “Tt can be quite painful and frustrating the first time when the doctor directs you to check it more than three times a day. However, when we only need to check ourselves once
or twice a week, the discomfort is much less noticeable.”

- Patient 0334: “Either a nurse or my sister takes the sample, but I avoid looking when they do. After completing the procedure, they simply informed me of the result. It’s challenging.”

- Patient 0351: “It is something I have to do since the science demands a blood sample. You feel bad when the needle touches your finger, but, it is a small discomfort compared to the
benefits. Using a device similar to those for measuring blood pressure would actually be preferable”

Results reliability

- Clinician 0514: “We have full confidence in the competence of the professionals conducting the tests, yet we compare clinical observations with laboratory findings as a standard practice”
- Lab technologist 0743: “We are confident in our work due to the strong dedication we invest in maintaining internal quality standards and our trust in the reliability of our equipment.
Before releasing any result, we carefully verify its accuracy and precision.”

- Clinician 0334: “I sometimes find it difficult to accept results from the glucometer as they often lack reliability.”

- Clinician 0939: “There are reasons why we cannot fully trust self-testing results. The quality of the device used may vary, leading to potential inaccuracies.”

Supplies

- Patient 1124: “There is a huge problem when you use your own device. Fifty strips cost you around 1000 Ethiopian Birr, and you may run out of strips unexpectedly. During such times, I
go to health centers.”
- Clinician 0953: “We were given a glucometer, but we frequently run out of test strips so we cannot test as many patients as we want to. We use the device just for emergency cases.”

Table 3. Theme 2 and its subthemes on blood glucose monitoring practices.

Clinicians note that patient experiences with finger pricking can differ, with pediatric patients and their
families often reporting more discomfort. However, patients typically recognize the importance of finger-stick
blood sampling for their health and are willing to tolerate the procedure despite some initial discomfort. Over time,
patients tend to become more accustomed to the process. Clinicians trust the reliability of test results obtained
from the clinic’s laboratory and self-testing but may verify results against clinical findings and prompt retesting
if doubts arise. While they generally trust lab accuracy, they recognize the importance of clinical assessment for
validation. Laboratory technologists also express confidence in their results, emphasizing calibration and quality
control measures. They stress the importance of maintaining standards through internal quality control, external
assessments, and rigorous verification processes for equipment and reagents. Similarly, patients trust both self-
testing devices and laboratory results, especially when their own feelings align with measurements. However,
they acknowledge instances where clinicians may request repeat tests, indicating some skepticism in certain
situations. In addition, stockouts and interruptions in the supply chain, notably of glucometer test strips for
patient self-testing and reagents and calibration standards in hospital laboratories, pose challenges to the glucose
monitoring system. Clinicians note that supply interruptions and equipment malfunctions in the laboratory may
necessitate patients’ referrals to external laboratory facilities for testing.

Theme 3: perceptions about digital continuous glucose monitoring device

Theme three explores the perceptions of patients and clinicians regarding digital CGMs, yielding three
subthemes: acceptability, prerequisites, and integration into facility EHR systems. Table 4 consolidates the key
quotes provided by study participants in each subtheme.

All patients, except one, were unfamiliar with digital CGMs and relied on study interviewers’ information
when providing feedback about CGMs. They warmly welcomed the opportunity to learn about them and
expressed enthusiastic interest in trying them at home. They believed that digital CGMs would offer practical
and benefits if introduced, referring to advantages such as real-time monitoring, user-friendliness, elimination of
blood samples, reduced discomfort from frequent testing, integration with cellphone applications, and potential
stress alleviation in managing glucose levels. They expressed discomfort and stress related to the disposal of
wastes associated with fingerpicking at home that the CGM may alleviate. However, the patients also voiced
concerns about the reliability, functionality, affordability, required supplies and replacements, and training and
guidance. One patient had learned about CGMs from a family member with DM residing permanently outside
Ethiopia who uses the device, perceiving it feasible, despite the cost.

Clinicians acknowledge the potential advantages of digital CGMs for real-time monitoring and reducing
needle burden, particularly for patients prone to recurrent hypoglycemia or resistant to traditional blood
sampling methods. Some clinicians possess background information about digital CGMs, although they have
not yet utilized them in practice. They express a keen interest in integrating these devices into practice and they
have optimism regarding their potential to improve glucose management. Nonetheless, concerns exist about
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Theme 3: perceptions about digital CGMs
Subthemes
Acceptability

- Patient 2543: “It sounds great. I think it will likely be accepted as long as it is available. Training on how to use it might be needed, but it appears to be even simpler compared to the
device we currently use.”

- Patient 08: “Yes, I have heard about the devices. My sister, who recently came from the USA, uses one. She wears it on her forearm, and when I asked about its function, she explained
that it alerts her whenever her glucose levels are either high or low. She changes something around the device every three days or so, although I'm not entirely sure. When I asked her why
she wouldn’t buy it for us, she mentioned it’s expensive, and certain components need frequent replacement.”

- Patient 06: “I would be keen to use it. The main reason I stopped using the glucometer was because it required us to draw blood, and we had to dispose of the waste carefully. If we can
avoid the need for blood sampling, then...”

- Patient 1124: “If I understood correctly, the device will avoid blood sampling and bleeding, which is very good. I am always worried when my children take blood samples for testing, and
I constantly remind them to be cautious and handle the wiping material carefully.”

- Patient 0526: “It’s an excellent option. As mentioned before, I am quite nervous about needles, and the process of giving samples usually bothers me. Moreover, diabetes has complications
such as prolonged infections and causes other diseases. The device described seems to simple and advanced.”

- Clinician 0535: “Yes, I am familiar with the device. It’s designed to continuously monitor glucose levels without the necessity of drawing blood samples. Various models of this device exist.
It provides alerts when glucose levels are either high or low. This feature is particularly beneficial for individuals experiencing frequent hypoglycemic episodes, as it aids in maintaining
better control. Additionally, the alarm function serves as a notification tool, especially during sleep, so alert both the individual and caregivers to any hypo- or hyperglycemic episodes.”

Prerequisites

- Clinician 0953: “We need to learn how to operate the device effectively, and then we will train the patients. I want to give attention that cost is an issue. We must also ensure the device
provides accurate results; if it does, I don’t foresee any challenges.”

- Clinician 0939: Given that diabetes patients are mainly elderly, understanding technology can be challenging for them. In addition, physicians must receive comprehensive training on the
devices to avoid providing patients with misinformation. Educating patients can significantly alleviate potential challenges we may encounter.

Integration into facility EMR systems

- Clinician 0719: “The EMR system is great, and everyone is familiar with it. If this CGM is introduced, it will likely integrate. However, during times of heavy workload, there is a risk

of overlooking certain documents without registering them in the EMR, especially if a patient presents printed results from an external source. With a paper-based system, it would only
require attaching the result to the patient’s card.”

- Clinician 0643: “With the EMR, you can see everything about the patient in one glance, you can see where the patient has been, the investigation completed the drugs prescribed can also
be monitored including HIV.

- Clinician 0535: EMR is a good thing, but not simple as we are required to document every medication, despite the patient load we have. On the other side, transitioning to an EMR
system addresses longstanding issues such as losing patients’ medical folders, even for patients we have followed for a decade, and I believe it has the potential to integrate seamlessly with
the CGM.

Table 4. Theme 3 and its subthemes about perceptions on digital CGMs.

Theme 4: Technology adoption
Subthemes

Exposure

- Patient 1133: “Previously, we used to visit internet business centers to search for things, but now we can access anything from wherever we are using our phones. It makes life easier”

- Patient 1124: “I do not use technology. It is my children who did everything for me.”

- Clinician 0514: “There is a doctor, a heart specialist, who has never used a computer. He is elderly and not technologically friendly. It would be beneficial if residents, who are more adept
with computers, could assist him. Some adults have never interacted with computers, so training is essential. Being a doctor does not guarantee proficiency with computers.”

Benefits and challenges

- Patient 0330: “When you hold technology, you can read and understand information better. I often challenge my doctor based on what I have read. For instance, it’s been over a decade
since the introduction of ART, yet I still find myself on the same medication I have been taking for the past 20 years. Nonetheless, I remain thankful. You guys are lucky to be born in this
technology era.”

- Patient 0526: “It greatly simplifies life. Although it could pose challenges for those who are illiterate, with proper education and training, individuals can adapt to it.

- Clinician 0334: “Until it is properly designed, it will be challenging. Technology relies on electricity, internet connectivity, and similar resources. If these needs are addressed, technology
can function smoothly and make life easier, saving us from unnecessary resource expenditure. Digitalizing systems tends to provide better outcomes improve work burdens and simplify our
services.”

Table 5. Theme 4 and its subthemes about technology adoption.

training needs for both patients and clinicians, their adoption in local contexts, and affordability, particularly
among economically disadvantaged patient populations. They perceive that patient acceptance may hinge on
training and familiarity with the technology.

There is a positive outlook regarding the feasibility and advantages of integrating digital CGMs into
patient care systems. They recognize the potential of an EHR to streamline digital CGM processes, improve
communication, and enhance data management. The DM clinic utilizes EMR systems, resulting in notable
efficiency, limited paperwork hurdles, and convenient access to patient histories and investigation outcomes.
Nonetheless, challenges exist, such as data entry inaccuracies, prescription editing limitations, errors stemming
from transferring information, difficulty in locating specific data, and lack of confidentiality. These issues are
compounded by infrastructure constraints, training needs, and reliance on internet connectivity. The challenges
need to be resolved to ensure successful integration of digital CGMs into existing EHR systems.

Theme 4: technology adoption
Theme four explored the perspectives of patients and clinicians concerning their adoption of technology,
revealing two subthemes: exposure, and benefits and challenges. Table 5 compiles the major quotes shared by
study participants in each subtheme.

Despite differences in exposure or use levels, the majority of patients have been adept at using some
digital technologies like smartphones and computers. They hold a positive view of such technologies, finding
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them easy to use and advantageous for accessing information and services. Patients recognize the potential
benefits of integrating technology into their healthcare, believing that with proper education and training, it
can effectively manage health conditions. Although some patients rely on family members for digital tasks,
revealing limited personal exposure to digital devices, they are open to integrating new technologies into their
routines. Additionally, patients acknowledge the potential drawbacks of technology, especially when used for
non-essential purposes. Clinicians generally view technology as a beneficial factor in healthcare, as it improves
efficiency and enhances patient outcomes. While transitioning from paper-based to electronic systems in
hospitals has posed challenges, it has ultimately proven advantageous, building greater trust and acceptance
among healthcare providers and patients. Its impact is seen as positive, although it requires adaptation and staff
training to fully harness its potential.

Theme 5: Financial coverage

Theme five explores patients’ and clinicians’ experiences regarding the coverage of financial expenses for their
DM and HIV routine care and treatment, finding two subthemes: health insurance and out-of-pocket expenses.
Table 6 summarizes the key quotes provided by study participants in each subtheme.

The majority of patients reported that their diabetes care and treatment at the hospitals were covered by health
insurance, highlighting the vital role of insurance in healthcare access. This was validated by their clinicians,
who noted that more than 85% of their patients with DM have insurance coverage. Additionally, patients noted
that HIV-related medical expenses, including laboratory tests and medications, were covered by the hospitals,
with government support facilitating this. However, patients noted that they incurred out-of-pocket expenses
for private clinic laboratory tests and services not covered by their insurance, or those that are not consistently
available in the hospitals. There were a few patients who had employer-sponsored health coverage, where they
initially paid for medical costs and later receive reimbursement from their employer. However, they expressed
frustration with the longer reimbursement process. Apart from that, the AIDS Healthcare Foundation (AHF),
an international non-governmental organization, supported ART clinics by providing opportunistic infection
medications and covering the expenses for diagnostic imaging like MRI and CT scans. This assistance has
been part of their agreement with the private sector, specifically tailored to benefit economically disadvantaged
patients. There were also a few patients who lacked these benefits and relied entirely on out-of-pocket payments.

Discussion
This study aimed to explore the lived experiences of patients with HIV-DM comorbidity and their healthcare
providers regarding glucose monitoring practices, as well as their receptiveness to CGM and other digital
technologies, exploring the landscape for implementing digital CGM systems in a lower income country context.
The findings offered formative insights for a planned implementation trial of digital CGM in Ethiopia. They
describe the benefits and challenges of the current blood glucose monitoring systems, as well as the potential
benefits and barriers associated with the proposed digital CGM systems, while also addressing the financial
implications inherent in adopting new technologies. The thematic analysis revealed that patients with HIV-DM
comorbidity were actively engaged in their DM management, and both patients and providers were open to
digital CGM systems and other technological solutions while recognizing the importance of affordability and
training in implementing new technologies. Previous studies conducted in African settings have underscored
the significant demand for innovative strategies to manage HIV-DM comorbidity effectively**-*2. To mitigate
complications in patients with HIV-DM comorbidity attending care in such settings, several strategies could
be deployed, with regular glucose testing being paramount. Whether it is for monitoring diabetes risk factors,
promoting healthy lifestyle and behavioral changes, or monitoring treatment effectiveness, access to quality-
assured, portable, and affordable glucose monitoring systems is crucial. Future practice in such settings should
adopt integrated HIV-DM care in a one-stop shop model. This approach will enable comorbid patients receive
timely care for both diseases at a time without the hassle of visiting multiple clinics, reduce out-of-pocket costs,
and minimize redundant blood draws for laboratory tests. It allows clinicians to effectively follow-up and treat
co-morbid patients, assess and manage potential drug-drug interactions and treatment side effects, and provide
coordinated adherence counseling and psychosocial support.

Patients and providers in the interviews emphasize the reliance on health insurance for DM care and
treatment in the clinics. The acquisition of health insurance has resolved some financial burdens, underscoring

Theme 5: Financial coverage and health insurance
Subthemes

Health insurance

- Clinician 0826: “More than 85% of our patients with diabetes are covered by health insurance. Besides, patients employed in some specific institutions can seek refunds upon presenting
receipts.”

- Patient 2543: “My health insurance covers the costs. If the services, including laboratory tests, are available here, my health insurance covers.”

- Clinician 0836: ‘At the ART clinic, all examinations and laboratory investigations are provided free of charge. ART drugs, as well as any medications other than ART drugs available in
the hospital, are provided at no cost for patients with HIV. However, if certain drugs other than ARV are unavailable in the hospital. Patients may need to buy from outside.

Out-of-pocket

- Patient 1124: “I would like to use the laboratory here because my health insurance will cover the costs. However, often the required tests are not available, so I end up going to a private
laboratory outside and cover the costs.”
- Patient 07: “We are frequently informed about the unavailability of tests. This is highly frustrating, as it results in significant expenses when we have to seek testing outside.”

Table 6. Theme 5 and its subthemes about financial coverage and health insurance.
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the significance of insurance coverage in healthcare access. However, patients still encounter out-of-pocket costs
for tests not covered by insurance. This underscores the importance of considering cost-effectiveness when
implementing digital CGM systems in such settings, especially if broader accessibility is the goal. While some
studies have demonstrated the cost-effectiveness of digital CGMs compared to traditional blood glucose self-
testing*3~%5, there remains limited evidence from low- and middle-income countries. Even in developed countries
where CGMs are common, technical and administrative challenges, such as frequent scanning, composite
metrics, data management, behavioral fitness, and equitable access, are still being addressed by developers¢-=C.
Similarly, in the present study, the consistent availability of glucose testing supplies emerged as a significant
challenge. This underscores the need to establish resilient systems in advance to ensure that such challenges do
not persist following the introduction of digital CGMs. Some CGM systems are becoming less expensive, given
their limited uptake and sustainability in underserved regions®*2, and global partnerships are exploring their
potential use in these regions while seeking rebates or discounts®>**. For practical purposes, education around
the benefits and use of CGMs can be offered to patients in Ethiopia to encourage its adoption and use.

In this study, both patients and clinicians expressed assurance that introducing digital CGMs would be
both feasible and beneficial. They highlighted several advantages, including real-time monitoring, ease of use,
elimination of the need for blood samples, reduced discomfort associated with frequent testing, integration
with smartphone applications, and the potential to reduce stress associated with glucose management. In fact,
all except one patient and many clinicians had not been previously informed about digital CGMs and learned
about the devices during study interviewers. However, they welcomed and expressed keen interest in utilizing
these devices and were open to trying them out. This finding is considered a critical milestone for any upcoming
CGM RCTs in these settings, given that previous studies on CGMs in LMICs have shown several limitations and
efforts remain limited to move them into LMICs?**°. Meanwhile, evidence suggests that proper familiarity and a
better understanding of the systems are crucial for enhancing usability and acceptability>®>’.

The findings of this study contribute to the successful implementation and evaluation of digital CGMs by
offering baseline information on current glucose monitoring systems and the road ahead for digital CGMs.
However, the study has some limitations. The study’s hospitals were urban and public, potentially overlooking the
views of patients and providers in rural hospitals and private sectors. As well, data based on self-selected sample
of patients and providers may not represent these populations in this country. However, including hospitals
that serve patients from all over Ethiopia helped mitigate these limitations. Future research could explore
these topics with more patients and providers and possibly investigate uptake of CGMs and their facilitators.
Conducting interviews in healthcare facilities where the patients receive care may have introduced agreement
bias, with participants adjusting their answers to align with what they believed the researchers wanted. This bias
was minimized by using open-ended questions that promoted deeper reflection and elaboration instead of just
agreement or disagreement.

Conclusion

This qualitative phenomenological study explored the lived experiences of patients with HIV-DM comorbidity
and their healthcare providers, providing formative insights for a planned implementation trial of digital CGM
in Ethiopia. The thematic analysis identified five main themes: “Diabetes routine clinical care and follow-up?,
“Blood glucose monitoring practices”, “Perceptions about digital CGMs’, “Technology adoption’, and “Financial
coverage”. In this study, the lived experience of the participants demonstrate that many of them had not been
previously informed about digital CGMs, but they welcomed and expressed keen interest in trying them
out and utilizing, a development seen as a critical milestone for any upcoming CGM clinical trials in these
settings. Participants were open to digital CGM systems and other technological solutions while recognizing
the importance of affordability and training in implementing new technologies. They emphasize the reliance on
health insurance for DM care and treatment in the clinics but encounter out-of-pocket costs for tests not covered
by insurance, underscoring the importance of considering cost-effectiveness when implementing digital CGM
systems in such settings. The findings can serve as a foundation for future implementation research aimed at
investigating the effectiveness of CGM systems in the context of developing countries, as well as exploring the
associated implementation barriers and opportunities.

Data availability
The data that support the findings of this study are available upon reasonable request from the corresponding
author.
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