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Objectives: A study was undertaken to assess the feasibility and safety of the Tshwane Insulin Project (TIP) intervention,
describe patients’ and healthcare professionals’ experiences with the intervention, and determine preliminary treatment
effects on glycaemic control.
Design: This was a single-group feasibility study.
Setting: The study was carried out in the City of Tshwane, South Africa.
Subjects: People with type 2 diabetes on maximum oral drugs with suboptimal glycaemic control (HbA1c: 9–12%), and
healthcare professionals who were involved in the implementation of the TIP intervention were included.
Outcome measures: Implementation outcome measures included satisfaction, acceptability, appropriateness and safety; and
efficacy by assessing change in HbA1c levels.
Results: Healthcare professionals and patients were satisfied with the intervention. Healthcare professionals agreed that the
intervention was acceptable and appropriate. No symptomatic or severe hypoglycaemic events were reported. Improved
glycaemic control was recorded with 2.2% lowering of HbA1c values (95% CI, 1.6–2.8%).
Conclusions: The TIP intervention was feasible and can be implemented with minor amendments. Most participants
recommended scaling up the intervention. Lessons learned from this study include: (1) high rates of insulin refusal should
be anticipated, and insulin resistance amongst people with type 2 diabetes in primary care should be addressed; and (2)
the challenges of initiating and titrating insulin in primary care can be addressed through task sharing and by involving
allied healthcare workers.
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Introduction and background
Insulin is an evidence-based treatment for achieving glycae-
mic control in people with diabetes. Despite being effective
and in use for more than 100 years,1 managing people with
insulin-requiring type 2 diabetes remains a global challenge.
In South Africa, particularly in the Tshwane District, glycaemic
control remains suboptimal in people with diabetes, with
fewer than 30% of patients at the primary care level recording
an acceptable HbA1c.2 The primary care patients who have
already been switched to insulin have the worst glycaemic
control.2

Numerous barriers to insulin therapy, including initiation and
titration, especially in patients with type 2 diabetes have been
reported globally.3–5 Current diabetes management guidelines
recommend the early initiation of insulin therapy,6,7 which is
often delayed or not commenced at all,8 leading to poor clinical
outcomes and complications for people living with diabetes. In
South Africa, insulin titration in patients with type 2 diabetes is
vastly inadequate.9 Titration of insulin is inconsistent and may
occur only once a month during clinic visits. There is a gap
between research evidence, which demonstrates the effective-
ness of insulin in people with diabetes, and the actual use of

insulin therapy in the real world including in primary health
care, especially in resource-constrained settings.

In primary health care settings, task shifting has been identified
as a sustainable solution to insulin management.10 Task shifting
involves allocating different roles to nurses and allied health-
care workers, including community health workers. In South
Africa, nurse practitioners form the backbone of the primary
healthcare system. Nurses see most patients with chronic con-
ditions in primary care,11 and routinely manage patients with
type 2 diabetes who are on oral glucose-lowering drugs.
According to the South African diabetes management guide-
lines, doctors are responsible for guiding the initiation of
insulin and prescribing insulin, but often visit the clinic only
once a week.11 Nurses are thus ideally placed to lead the
initiation of insulin in primary care. Nurse-led insulin initiation
has been suggested as one of the most successful methods to
address initiation inertia, and primary care nurse practitioners
should be allowed to assist or lead insulin initiation.12 In Austra-
lia, nurse-led insulin initiation was associated with increased
insulin initiation rates and better glycaemic control.10,13 In
rural areas in South Africa, nurse-led diabetes care was associ-
ated with improved glycaemic control, demonstrating that
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with adequate training and support, nurses can play a promi-
nent role in diabetes management.14

Besides health system barriers, patients may delay the initiation
of insulin because they are afraid or anxious.15 Feelings of
anxiety may be exacerbated by the volume of information
that people with diabetes must absorb in a short space of
time. In South Africa, overburdened and overworked primary
healthcare professionals are expected to dedicate enough
time at every visit to educate and empower people living
with diabetes.16 However, individual ad-hoc education is
limited due to time constraints.17 Community health workers,
or lay personnel serving as a link between healthcare pro-
fessionals and the community, are ideally placed to support dia-
betes self-management and patient education. In South Africa,
community health workers who are adequately trained and
empowered could play a role in preventing and treating
diabetes.18

Information and communication technologies (ICT) also have
the potential to improve diabetes care, including insulin
therapy. Healthcare providers are using telehealth to deliver
health care remotely using various telecommunication tools,
including telephones and smartphones, with or without a
video connection.19 Telehealth enables long-distance care and
saves patients’ time and money by eliminating the need to
travel long distances to access healthcare services.20 Telehealth
may also improve clinical outcomes in type 2 diabetes, improv-
ing glycaemic control and quality of care.7 Telehealth has not
been widely tested or used for insulin management in
primary care despite the availability of digital health tools and
mobile technology.

The Tshwane Insulin Project (TIP) intervention was developed to
facilitate initiating and titrating insulin in people with type 2
diabetes in South Africa.21 The TIP intervention is a nurse-
driven and home-based telehealth intervention designed to
improve insulin management in primary health care. This inter-
vention was developed according to the framework rec-
ommended by the Medical Research Council (MRC) for
designing and evaluating complex interventions.22,23 According
to this framework, the fourth developmental phase includes a
pilot study of the TIP intervention to assess feasibility and
acceptability to healthcare providers and participants.24 Accord-
ing to the MRC framework, a feasibility trial provides important
insights on the appropriateness of procedures, the recruitment
process, participant retention and how acceptable the partici-
pants find the intervention.23 Evaluating acceptability during
the initial development of the intervention may identify
aspects that need to be modified before a definitive trial.25

The MRC framework recommends using a mixture of qualitative
and quantitative methods to assess the feasibility of complex
interventions.23 Here, we report on the pilot study of the TIP
intervention, to inform any refinements ahead of a larger
scale study. This pilot study assessed the feasibility and safety
of the TIP intervention, and described patients’ and healthcare
providers’ experiences with the intervention. We also deter-
mined preliminary treatment effects on glycaemic control.

The pilot study was registered with the National Health
Research Ethics Committee (NHREC) and the South African
National Clinical Trials Register (SANCTR) (SANCTR_5234; 11/
02/2019). Reporting of this feasibility study is presented accord-
ing to the guidelines of Consolidated Standards of Reporting
Trials (CONSORT).26

Methods

Study design
In this single-group feasibility study, we used a mixed-methods
approach to assess the feasibility, safety and efficacy of the TIP
intervention.

Recruitment of participants
The study population comprised healthcare providers and
people with type 2 diabetes being treated at selected primary
care clinics in the Tshwane District. The Tshwane District is situ-
ated in the northern part of Gauteng province in South Africa.
The population is urban and consists of mixed socioeconomic
groups living in traditional and informal dwellings. People
who attend these primary care clinics are often from middle
to low socioeconomic groups and cannot afford medical insur-
ance. The primary care clinics were selected conveniently after
the facility managers expressed interest in the study, because
the intervention could only be implemented if clinic staff sup-
ported and participated in the intervention.

Healthcare providers
Healthcare providers included nurse practitioners, medical offi-
cers and community health workers who were working at
various primary care clinics. The participating healthcare provi-
ders attended a workshop on Integrated Diabetes Management
in Primary Health Care. They also received training on the study
procedures including sessions on the evidence and rationale for
insulin therapy, patient counselling, initiation and titration of
basal insulin and the use of the mobile app. The community
health workers were trained on what to do during home visits.

People living with type 2 diabetes
People with type 2 diabetes qualified for the study if they were
insulin-naive, aged between 18 and 70 years, with suboptimal
glycaemic control (most recent HbA1c between 9 and 12%),
on maximum tolerated doses of two oral glucose-lowering
agents for at least three months and compliant, and willing to
commence insulin therapy and to self-monitor blood glucose.
The participants were required to sign an informed consent
document. Exclusion criteria were poor kidney function
(eGFR≤ 30); BMI≥ 40; other chronic conditions e.g. heart
failure; liver disease; history of non-compliance; any previous
episodes of hypoglycaemia; consume more than two alcoholic
drinks on any day of the week; or unable to secure two meals
a day. During the first contact, patients and healthcare providers
discussed the participant’s glycaemic control and the treatment
options available including insulin therapy and the benefits and
challenges of using insulin.

Procedure
Between August 2019 and March 2020, clinical staff (nurses and
doctors) at participating primary care clinics, assisted by TIP
field researchers, identified potential participants who met the
inclusion criteria. Some participants were identified through a
review of their medical records, while others were informed
about the study when they attended their routine clinic visit.
Participants who were identified through their medical
records were contacted telephonically and invited either to
visit the clinic or to avail themselves of a home visit.

Each potential participant was screened by a nurse practitioner
assisted by field researchers. During the screening visit, partici-
pants gave written informed consent, and a blood sample was
taken and sent to the National Health Laboratory Service for an
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HbA1c test to confirm eligibility (HbA1c between 9% and 12%).
If the HbA1c test results met the eligibility criteria, participants
attended the clinic, were enrolled in the study and were
initiated on basal insulin. The initiation of basal insulin (Proto-
phane Humulin N [NPH]) was nurse-led, assisted remotely by
a doctor via the mobile app. All enrolled participants were
initiated on basal insulin at 10 units in the evening at
bedtime (but not after 10pm) as recommended by the current
South African diabetes management guidelines.27 Patients
who had HbA1c < 9% were excluded from the study and con-
tinued to receive their usual diabetes care at their local clinic.

Enrolled participants received information on insulin manage-
ment. Participants attended an education session to explain
the use of a blood glucose meter and how to use a blood
glucose monitoring record book (diary). Patients were
requested to perform finger-prick glucose monitoring twice a
day, including one fasting reading before breakfast and
another reading two hours after a meal, and to record the read-
ings in the diary.

Intervention
The intervention consisted of using the TIP model to initiate and
titrate basal insulin for qualifying type 2 diabetes participants at
primary care clinics. TIP field researchers were assigned to
primary care clinics, where they supported healthcare providers
to identify, educate and follow up participants.

Healthcare providers planned their follow-up according to a
visit schedule, which comprised 5 clinic visits (screening visit,
enrolment (initiation) visit, week 6, week 10 and week 14) and
14 weekly home visits, of which one was an optional pre-
insulin initiation preparatory visit and 13 were post-insulin
initiation follow-up visits. At each visit, healthcare providers
were encouraged to use a diabetes education booklet to
educate the participants on a specific topic: ‘Starting and
using insulin’, ‘Food and eating’, ‘Controlling diabetes’,
‘Testing blood sugar’, ‘Hyper- and Hypoglycaemia’ and
‘Emotional wellbeing’.

After the initiation of insulin, follow-up visits presented nine
opportunities to titrate insulin, three during clinic visits and
six during home visits. Insulin was titrated according to
fasting morning blood glucose readings, using the average of
the previous two fasting morning blood glucose readings.
Healthcare providers received a simplified insulin titration algor-
ithm, which was conservative to minimise the risk of hypogly-
caemia (see Table 1). A similar insulin titration algorithm was
used in a previous study.28 The titration of insulin was telepho-
nically or electronically directed by a physician (physician-
directed titration), and implemented by nurses at clinics and
by community health workers at home. Healthcare providers
were instructed to refer to the hospital participants who
needed more than 20 units of basal insulin to achieve glycaemic
control. In March 2020, we amended the follow-up procedure to
accommodate the COVID-19 pandemic lockdown restrictions

and to ensure the safety of participants and staff. These
included implementing telephonic follow-ups instead of
home visits. The initial study protocol was also amended to
allow for visits with working participants close to their place
of work and home visits by TIP field researchers in the
absence of community health workers.

At baseline, demographic data, clinical history (complications,
and medications), smoking status, clinical examination (body
mass index, blood pressure), and co-morbidity data were col-
lected. HbA1c was tested at baseline and at the end of the
study (14 weeks). For the purpose of this study, HbA1c target
was 7.5% (between 7% and 8%) as recommended by the
latest American College of Physicians (ACP) guidelines.29

Primary outcome measures
The first primary outcome measured was the feasibility of the
intervention. To measure feasibility, we focused on two areas
out of the eight outlined by Bowen et al.,30 namely implemen-
tation (the extent, likelihood andmanner in which the proposed
intervention could be implemented) and acceptability (the reac-
tion of the intended individual recipients to the intervention).
Implementation outcome measures included satisfaction,
acceptability and appropriateness. We recorded the recruitment
and completion rates, and documented the number of primary
care clinics involved, number of insulin initiations performed,
number of insulin titrations done (clinic and home), number
of visits conducted at the clinic and at home, and number of
referrals to a higher level of care. After the trial, healthcare pro-
viders and participants completed a questionnaire concerning
their views and experiences of the TIP intervention. The ques-
tionnaire was adapted from tools developed by Weiner
et al.31 Satisfaction was assessed with two statements for both
healthcare providers and participants: (1) how satisfied were
you with the TIP intervention with a 5-graded scale from ‘extre-
mely dissatisfied’ to ‘extremely satisfied’; (2) would you rec-
ommend the TIP intervention to be implemented on a larger
scale with a 5-graded scale from ‘definitely would not’ to ‘defi-
nitely would’. Acceptability and appropriateness were evalu-
ated with four statements each for the healthcare providers
with a 5-graded scale from ‘completely disagree’ to ‘completely
agree’. The experiences of the participants were evaluated with
seven statements with a 3-graded scale from ‘disagree’ to
‘agree’.

The second primary outcome was determining the safety of the
intervention. We assessed safety using the following indicators:
frequency of hypoglycaemia (< 4 mmol/l); frequency of sympto-
matic hypoglycaemia; frequency of severe hypoglycaemia
(hypoglycaemia resulting in loss of consciousness or requiring
third-party assistance); and frequency of hyperglycaemia (>
20 mmol/l) from home and clinic readings.

Secondary outcome measures
As a secondary outcome measure, we assessed the efficacy of
the TIP intervention, using change in HbA1c after 14 weeks.
We also recorded the proportion of participants who achieved
an HbA1c≤ 7.5% at 14 weeks, and the proportion of partici-
pants who transitioned to prandial insulin injection to assess
the preliminary treatment effects of the intervention.

Sample size
As this was a pilot study, we did not perform a formal sample-
size calculation.32 We aimed to initiate 30 people with type 2

Table 1: Simplified insulin titration algorithm used to inform titration in
the Tshwane Insulin Project intervention

Use average of last 2 fasting morning blood glucose values

< 4.0 mmol/l Reduce insulin dose by 2 units, reinforce night snack

4.0–7.0 mmol/l Keep insulin dose

> 7.0 mmol/l Increase insulin dose by 2 units

A nurse-driven and home-based telehealth intervention to improve insulin therapy in primary care 3



diabetes on basal insulin and follow up for 14 weeks, similar to
previous feasibility studies.33,34

Statistical analysis
Data were analysed using STATA version 15 (StataCorp, College
Station, TX, USA). The feasibility outcomes were reported
descriptively and narratively. Descriptive data are presented
with a number, or a median and interquartile range due to
the small sample size. The 3-graded and 5-graded scales in
the questionnaires for acceptability, appropriateness and
experience were dichotomised. We described the frequency
of categorical outcomes using raw counts (proportions). The
paired t-test was used to compare participants’ HbA1c before
and after the intervention.

Ethical consideration
The study was approved by the Research Ethics Committee of
the Faculty of Health Sciences of the University of Pretoria,
South Africa (Ethics Reference No.: 156/2019) and the
Tshwane Research Council (No: GP_201810_049). The pro-
cedure is described in the methods section. The study was per-
formed in accordance with the Declaration of Helsinki, and all
methods were performed in accordance with the relevant
guidelines and regulations. All participants were informed
about the study and signed informed consent forms.

Results

Participant recruitment
Ten primary care clinics were involved in the study, but only
participants from six facilities were initiated on insulin during
the study period. At least two nurse practitioners, two commu-
nity health workers and one doctor were trained at each clinic
to be part of the intervention. Patients were recruited in two
waves. The first recruitment wave was from August to mid-

November 2019, at which time recruitment was paused due
to December being holiday season in South Africa. Patients
do not often visit health facilities for routine care and only skel-
eton staff are available at clinics. The second recruitment wave
started frommid-January 2020 to March 2020 when recruitment
was halted due to the COVID-19 pandemic and a nationwide
lockdown announcement in South Africa on March 23, 2020.

During the two recruitment waves, we identified 118 patients
with suboptimal glycaemic control, meaning that their most
recent HbA1c was between 9% and 12% (see Figure 1). We
excluded 71 participants; 33 were not on maximum oral
drugs, 21 could not be contacted because of inaccurate infor-
mation in their records and 17 lived outside the clinic catch-
ment area, making home visits impossible. Of the remaining
47 participants, we excluded 11 participants whose baseline
HbA1c was outside the desired range and 36 eligible partici-
pants remained. Fourteen participants declined insulin and 22,
rather than the 30 envisaged participants, were initiated on
basal insulin. Participants refused insulin because they believed
that insulin was a ‘death sentence’, they held on to their nega-
tive beliefs of insulin despite the counselling that was provided,
they had fear of injections and needles or because of the insulin
myths that are often prevalent in the communities. We believed
that the study provided sufficient data to assess the objectives
of the pilot study.

The baseline demographic and clinical characteristics of the par-
ticipants are summarised in Table 2. Of the trial participants, 17
were women, 15 completed secondary school and 12 were
married. Median age was 52.5 years (Q1–Q3 47–55).

Of the 22 enrolled participants, 17 (77%) completed the pilot
study. Of those who did not complete the pilot, one became
pregnant and was referred to a specialised obstetric unit at an

Figure 1: Flow chart showing the participant recruitment and reasons for exclusion during the pilot study.
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academic hospital for follow-up; three were referred to hospital
for prandial insulin to be added to their treatment and one
chose to withdraw from the study voluntarily.

Follow-up after insulin initiation
After insulin initiation, participants were followed up during 3
routine monthly clinic visits and 13 weekly home visits. For 22
participants, we expected 66 clinic visits. Ten visits could not
be done because five participants did not complete the trial
and two clinic visits were missed due to travel. In total, partici-
pants completed 54 clinic visits (96%).

We expected 286 home visits. Forty-one were not done because
participants did not complete the trial and 53 home visits were
missed. Reasons for missing home visits included patients not
available, at work, not responding to phone calls or travel. We
recorded 192 home visits (78%), of which 119 were done at
home, 16 at the workplace and 57 were done telephonically
due to COVID-19 lockdown restrictions. Of the 119 visits con-
ducted at the homes of participants, 42 (35%) were conducted
by TIP field staff without community health workers. Commu-
nity health workers became unavailable due to prior training
commitments or for COVID-19-related reasons, e.g. accessibility
due to nationwide lockdown restrictions.

App-enabled insulin titration
Physician-directed insulin titration using a mobile app was per-
formed when indicated during home or clinic visits. We
recorded 62 insulin titrations, 22 happened at clinics while 40
occurred at the participants’ homes. However, the healthcare
providers experienced some challenges when titrating insulin,
for example poor mobile network coverage, the prescribing
doctor not being available, or patients not recording blood
glucose values accurately.

Primary outcome: assessing feasibility
Twelve healthcare professionals completed the questionnaire
after the trial. The remaining health professionals did not
respond to phone calls or emails, or had relocated. Twelve of
the 17 (71%) participants who completed the study answered
the questionnaire. The remaining participants could not be
reached or had relocated.

Satisfaction
Both healthcare professionals and participants were satisfied
with the TIP intervention. Most recipients (71%) indicated that
they were extremely satisfied, while the remaining 29% were
satisfied. In addition, most recipients indicated that they
would recommend implementing the TIP intervention on a

Table 2: Baseline demographics and clinical characteristics of type 2
diabetes participants enrolled in the TIP intervention (n = 22)

Participant characteristics n %

Age, years:

Median (IQR) 52.5 47.0–55.0

Min–max 36.0–68.0

BMI:

Median (IQR) 31.8 29.1–35.2

Min–max 24.6–43.0

Gender:

Women 17 77.3%

Men 5 23.7%

Race:

African/Black 20 90.9%

White 2 9.1%

Educational attainment:

Primary school 3 13.6%

Secondary school 15 68.2%

Tertiary education 4 18.2%

Occupation:

Employed or self-employed 12 54.6%

Retired 1 4.6%

Student 1 4.6%

Unemployed 8 36.4%

Marital status:

Divorced 1 4.6%

Married 12 54.6%

Never married 7 31.8%

Widowed 2 9.1%

Hypertension 18 81.8%

Not smoking 22 100%

Complications:

No laser treatment, no foot ulcer, no amputation, no heart attack, no
stroke, no bypass operation or stent

Table 3: Acceptability and appropriateness of the TIP intervention
according to participating healthcare professionals (n = 12)

Factor

Completely
disagree/

Disagree (n)

Agree/
Completely
agree (n)

Acceptability of the
intervention:

Initiation of insulin by the
clinic nurse supported
remotely by a doctor meets
my approval

0 11

The use of the mobile
application for prescribing
insulin is appealing to me

0 10

The use of the mobile
application for titrating
insulin is appealing to me

0 10

I like the way TIP is
implementing insulin
initiation and titration in
primary care

0 11

Appropriateness of the
intervention:

TIP seems to fit with National
Department of Health
guidelines for the
management of people with
type 2 diabetes in primary
care

1 11

TIP seems suitable for our
clinics and our patients with
type 2 diabetes

0 11

Initiation and titration of
insulin as done in the TIP
intervention seems
applicable to other primary
care clinics

0 12

TIP is aligned with the local
primary care guidelines on
initiation and titration of
insulin

0 11

A nurse-driven and home-based telehealth intervention to improve insulin therapy in primary care 5



larger scale, with 25% saying that they probably would and 75%
saying that they definitely would.

Acceptability and appropriateness
Most healthcare professionals supported nurse-led initiation,
directed remotely by a doctor. Participants also felt that the
use of the app for prescribing and titrating insulin was appeal-
ing (Table 3). Healthcare professionals also believed that the TIP
intervention supported diabetes management guidelines and
was aligned with local primary care guidelines on initiation
and titration of insulin. All the healthcare professionals
thought that the TIP intervention was replicable to other
South African primary care clinics.

Most participants believed that home visits by the community
health workers were convenient, and that the home visits
helped them to transition to insulin (Table 4). Most participants
indicated that injecting insulin was not as painful (n = 9) and
using the glucometer was not difficult (n = 11). Over half of

the participants (n = 7) agreed that learning to self-inject was
not difficult, but recording sugar levels in the diary was not
easy to do. Most participants found the diabetes education
booklet to be useful.

Safety of the TIP intervention
During the trial, the researchers recorded 10 occurrences of
hypoglycaemia and 14 occurrences of hyperglycaemia from
the glucometer readings. No symptomatic or severe hypogly-
caemia was recorded.

Secondary outcome: efficacy
Six out of 17 (35.3%) participants achieved glycaemic control
(HbA1c≤ 7.5%) after 14 weeks (Figure 2). Three out of 22 partici-
pants (13.6%) needed prandial insulin and were referred to a
hospital for further care. A paired t-test was run on a sample
of 17 participants who completed the study to determine
whether there was a difference between the mean HbA1c at
the baseline and after completing the intervention. Participants’
glycaemic control at the end of the intervention (8.5 ± 1.3%)
had improved when compared with the start of the study
(10.6 ± 0.9%), a reduction of 2.2% (95% CI 1.6–2.8).

Discussion
Our findings suggest the nurse-driven and home-based tele-
health intervention can be implemented in a similar manner
to the pilot after minor amendments. Both healthcare pro-
fessionals and participants were extremely satisfied with the
intervention and would recommend the TIP to be implemented
on a larger scale. A large proportion of the participants com-
pleted the trial.

In this study, healthcare professionals agreed that the TIP inter-
vention was acceptable and appropriate according to all the
assessment measures.31 Nurse-driven insulin initiation has
been recommended as a potential solution to overcome bar-
riers for insulin initiation, titration and intensification during dia-
betes management,12 and has been effective in Australia13 and
in Ohio, USA.35 Healthcare professionals agreed that the TIP

Table 4: Experiences of the participants regarding the feasibility of the
TIP intervention (n = 12)

Factor
Disagree

(n)
Agree
(n)

Being visited by the community health
worker was convenient for me

0 11

Learning to inject myself was not difficult 5 7

The home visits by the community health
worker helped me to manage going on
insulin well

0 12

Injecting myself was not as painful as I
expected

1 9

Using the glucometer to test my sugar
levels was not difficult

0 11

Recording my sugar levels in the diary was
not easy to do

5 7

The diabetes education booklet was useful
to me

1 10

Figure 2: HbA1c of the pilot study participants at baseline and after completing the TIP intervention. HbA1c target≤ 7.5%.
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intervention seems to fit and is aligned with diabetes manage-
ment and local primary care guidelines, which bodes well for its
replication to other primary care clinics in South Africa.

For people with type 2 diabetes, healthcare workers provide
education that supports multiple aspects of diabetes manage-
ment, including injecting insulin and using a blood glucose
metre. The TIP intervention addressed many barriers that
delay insulin intensification such as lack of healthcare provider
resources, and assistance and education for patients regarding
effective titration.12,36 Through the TIP intervention, patients
had access to a diabetes education booklet and home visits. Par-
ticipants felt that home visits specifically provided by the com-
munity health workers were convenient and helped them to
transition smoothly to insulin. The pilot study revealed that par-
ticipants struggled to record their sugar levels in the diary. In
future, the TIP intervention should include additional education
material and training on how to record sugar levels.

While piloting the TIP intervention, we did not record any symp-
tomatic or severe hypoglycaemic events, suggesting that the
TIP intervention was safe. Furthermore, hypoglycaemic and
hyperglycaemic occurrences were rare. The rarity of adverse
events could be due to the use of a conservative insulin titration
algorithm. Glucose meters were used to document hypoglycae-
mic or hyperglycaemic occurrences, rather than self-reporting.
Relatively few patients diagnosed with type 2 diabetes are
aware of diurnal and nocturnal episodes of hypoglycaemia.37

Preventing hypoglycaemia in newly initiated type 2 diabetes
patients is critical to avoid discontinuation of insulin therapy,
because patients who experienced hypoglycaemic events
within six months of basal insulin initiation are more likely to
discontinue therapy.38 Fear of hypoglycaemia is an important
reason for discontinuing insulin therapy amongst people
living with type 2 diabetes in developing countries.39

In this pilot study, the TIP intervention improved glycaemic
control. Over the 14-week intervention, the mean HbA1c
dropped from 10.6% to 8.5%, indicating a 2.2% from baseline
to Week 14. These levels are somewhat similar to changes
observed in a similar length study (12 weeks)40 and other
studies of much longer duration (approximately 24 months).41

Turner et al.42 reported a small change from 9.5% to 9.0%
(−0.52%) following the implementation of 12-week telehealth
support for patients with type 2 diabetes using insulin treat-
ment. The large improvement in glycaemic control observed
in our study may be due to including patients with high base-
line HbA1c levels (between 9 and 12%) or it could be due to
the intensive weekly follow-up home visits. Polonsky et al.43

found that proactive follow-up was critical for successful
insulin initiation, adding that proactive contact is important to
encourage and guide patients before problems arise.

Our findings support the generalisability of our pilot study
methods, and the implementation of the TIP intervention on
a larger scale. First, the TIP intervention is based on a strong
theoretical and pragmatic framework. The TIP intervention
overcomes several known barriers to starting insulin treatment.
For example, in the TIP intervention, primary care nurses are
responsible for managing patients with type 2 diabetes and
community health workers can spend more time on educating
and empowering patients. Second, the pilot study was con-
ducted in a real-world setting. The TIP intervention showed
promising results despite the many challenges related to the
South African environment such as an overburdened health

system and limited healthcare providers, patients with limited
knowledge and numeracy skills, and difficulties in implement-
ing telehealth interventions (inconsistent mobile network cov-
erage). Another strength of the TIP intervention is the app-
enabled titration assisted by a nurse or a community health
worker. In South Africa, services at primary care clinics are
nurse-driven with doctors doing sessional work (usually 4–
8 hours per week),16 therefore it is not practical for insulin
initiation to be led by doctors. In addition, the TIP intervention
uses a mobile app called Vula that was not specifically devel-
oped for this study and is available free of charge.

We experienced a number of unanticipated challenges during
the pilot study, including the follow-up of participants who
were working and those who resided outside of the clinic catch-
ment area. We amended the protocol to address the follow-up
of working participants, but had to exclude patients who lived
outside the catchment area of the clinic. Better coordination
and communication within the community health worker pro-
gramme should allow patients who live beyond the catchment
area to be followed up by community health worker teams
closer to their homes. Lastly, the TIP intervention will be
enhanced if we can address technical challenges encountered
during app-enabled titration and when trying to contact pre-
scribing doctors.

This pilot study had several limitations. We recruited clinics
based on the interest expressed by facility managers. Although
this was done for practical reasons, there may be potential bias.
Consequently, our convenience sample of clinics may not be
representative of the wider population of primary care facilities.
We struggled to identify eligible patients because of poor
medical records and lack of patient registries. We could have
identified more participants if the medical records were elec-
tronic. We encountered many patients who declined due to
insulin resistance, which was expected as preliminary studies
suggest that insulin resistance is prevalent among people
living with diabetes in the Tshwane district.44 Despite positive
results, the study design and the small sample size do not
allow us to draw any conclusions regarding treatment effects.
Further evaluation of the TIP intervention with a larger
sample size and a control group should focus on effectiveness.

Conclusions
The main conclusions of this pilot study are that: (a) nurse-led
insulin initiation assisted remotely by a prescribing doctor is
feasible and acceptable to primary healthcare professionals;
(b) app-enabled physician-directed insulin titration assisted by
a nurse or a community health worker is feasible; (c) home
visits by community health workers provide additional opportu-
nities for patient education and insulin titration; and, finally, (d)
the TIP intervention holds promise for achieving glycaemic
control.

Lessons learned from this study can be summarised as follows:
(1) high rates of insulin refusal should be anticipated, and
insulin resistance amongst people with type 2 diabetes in
primary care should be addressed; (2) with the necessary
support, patients with type 2 diabetes can be initiated safely
on insulin in primary care and reach their glycaemic goals;
and (3) the challenges of initiating and titrating insulin in
primary care can be addressed through task sharing and the
involvement of allied healthcare workers. Given that many
patients on insulin-based therapy fail to reach glycaemic
goals,45,46 and that even more type 2 diabetes patients who
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need insulin are not initiated, innovative telehealth interven-
tions that are integrated within the health system present a sol-
ution even in resource-constrained settings.
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