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Part A: Protocol 

 

 

1. Synopsis 
 

 

Title: Review of the effects of diabetes group education with practitioner-directed 

insulin dosage adjustments on glycaemic control at a public sector primary health 

care clinic in Khayelitsha.  

 

Background: Glycaemic control in diabetes mellitus is fundamental in reducing 

morbidity and mortality. Appropriate treatment optimisation and education promoting 

diabetes self-management are cornerstones in achieving glycaemic control. An 

intervention focusing on these two aspects of care was held at a clinic in Khayelitsha, 

a township in Cape Town, between 2013-15. This intervention was designed and run 

by the clinician of this facility and entailed diabetes group education sessions for adult 

patients using insulin, and was coupled with the provision of practitioner-directed 

insulin dosage adjustments based on home blood glucose readings. 

 

This study of audit data aims to evaluate the effect the routine service-improvement 

intervention had on glycaemic control in the short and medium term. If it is found to 

have been effective at improving glycaemic control, it could be used to inform the 

development of local standard operating procedures for the glycaemic monitoring in 

patients on insulin, and the programme could be implemented at other facilities with 

the potential of improving diabetes care more broadly across Cape Town, particularly 

in the poorer areas.  

 

Methods: This is an investigation of audit data, and will use a pre/post design to 

assess the change in glycaemic control before and after the intervention, both in the 

short and medium term. It will also assess the effectiveness of the intervention by 

comparing the outcome in the medium term to a control group: this will be done using 

a retrospective cohort study design, where the “exposure” is the intervention and the 

“outcome” is the change in glycaemic control over the study period. It will be an 'as 



 

2 
 

treated' analysis. Glycaemic control will be assessed using HbA1c (glycated 

haemoglobin) blood tests, which were done during routine care. 

 

Recruitment for the intervention: The clinicians working at the facility compiled a list of 

patients on insulin, adding patients seen during clinical consultations. From this list, 

the clinician running the intervention recruited patients according to glycaemic control 

(as patients with worse control were considered at highest risk of complications) and 

presence of diabetic complications (as tight glycaemic control prevents or slows 

progression of complications). Patients were invited telephonically or by SMS, 

approximately a week before a new programme was planned.  

 

The control group will be made up of all patients using insulin who attended the same 

facility during the same time period (and meet all criteria listed below), but differ in 

terms of not having attended the intervention. 

 

 

Inclusion criteria:  

• Men and women aged between 18 and 70 years at the start of the study period.  

• Patients using basal or biphasic insulin.  

• Patients attending the same facility throughout the study period.  

• The HbA1c blood tests done on the patients need to meet the appropriate time 

frame criteria (e.g. assessing the change in glycaemic control in the medium 

term requires two HbA1c blood tests done 3-5 years apart)  

• HbA1c result must have been taken while the patient was on insulin therapy for 

at least 3 months (a folder review is needed to confirm this)  

 

Exclusion criteria:  

• Participants recruited to one of the interventions groups, and the last group 

recruited as there is missing data on their attendance.  

• Patients whose folders cannot be found for the folder review, will not be 

included.  
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Ethical considerations: This intervention formed part of routine care for diabetic 

patients at the facility. It was implemented in 2013-2015 and had the aim of improving 

diabetes patient care. Formal evaluation or research was not intended at that time. 

However, informal analysis suggests this intervention improves glycaemic control in 

the short term. A formal assessment on this, as well as the impact of the intervention 

on glycaemic control in the medium term, will assist in making a decision to 

implementing this or similar interventions at more sites. 

 

This is fundamentally a routine care folder review audit and informed consent will not 

be taken from the intervention or control group. It will be conducted by the patient’s 

attending clinician and no identifying information will be divulged outside of this 

clinician and study supervisor. Measures to protect the confidentiality of study 

participants will be implemented (all electronic information will be saved in password-

protected, encrypted files, and once data collection has been completed, all patient’s 

identifiers will be removed from the data set for data analysis).  

 

No monetary reimbursement was provided for attendance of the intervention.  

 

 

Benefits: Improved glycaemic control has personal benefits for patients for being at 

reduced risk of developing diabetic complications; and on a health systems level a 

reduction in diabetic complications could ultimately lead to significant reduction in 

health care costs.  

 

No foreseeable physical, psychological, social and economic harms to the participants 

of the study were identified, nor were any morally controversial ethical issues. 
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2. Background 
 

The prevalence of diabetes is increasing globally - most rapidly in low- to middle income 

countries (1). This is true for South Africa (a high middle-income country with one of the highest 

income inequalities) (2). Good diabetes management is imperative in preventing disability and 

premature deaths (3). However, the majority of South African people with diabetes are poorly 

controlled; in the province of the Western Cape 70% of diabetic patients have a glycated 

haemoglobin (HbA1c) of more than 8 % (poor control) (4).  

 

Poor diabetes control in combination with the increasing prevalence is resulting in high rates 

of disability and premature mortality in Africa (5); the vast majority (79%) of diabetes deaths in 

Africa are occurring in the less than 60-year age group (6). In South Africa the number of 

diabetes deaths are increasing every year, and in the Western Cape it became the leading 

natural cause of death in 2017 (7). 

 

There is an association between poverty and poorer diabetes control (8). Khayelitsha is the 

largest township in the Western Cape and the poorest area in the City of Cape Town. Its 

population is growing rapidly and the majority of its residents rely on the public health care 

sector for their health needs (9). It is therefore important to find effective interventions to 

improve diabetes control in this setting.  

 

An intervention aimed at improving glycaemic control was held at a City of Cape Town 

administered primary health care facility in Khayelitsha in 2013-15: it entailed weekly group 

diabetes education in combination with practitioner-directed insulin dosage adjustments based 

on home glucose readings. This intervention was designed and implemented by one of this 

facility’s health care practitioners as a routine intervention for service improvement (the 

intention was not to formally evaluate and report the results). Provisional analysis suggests 

beneficial effects on glycaemic control in the short term. However, a formal assessment on 

this, as well as the impact of the intervention on glycaemic control in the medium term will 

assist decision makers on whether this is a worth-while intervention to roll-out at other facilities 

in this setting. 
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3. Literature Review 
 

Diabetes significantly contributes to the burden of disease in South Africa, with more than 4.5 

million cases estimated in 2019, or 12.8% of the adult population (2). More than 2 million of 

these cases are undiagnosed (2). The number of cases in the country are increasing rapidly, 

with South Africa being in the top 10 countries in the world for absolute increase in diabetes 

prevalence (2). The reasons for this rapid increase include population ageing, rapid 

urbanisation, and nutritional changes and reduced physical activity associated with obesity 

(10). 

 

In the Western Cape approximately half of all known diabetics have an HbA1C of more than 

10% (uncontrolled diabetes) (4), which puts them at risk of diabetic complications, and therefore 

disability and premature death. Diabetes is the leading cause of natural deaths in the province 

(7); and when examining the mortality rates for diabetes in the sub-districts of the City of Cape 

Town, Khayelitsha has very high rates, second only to the sub-district of Mitchell's Plain (11).  

 

Khayelitsha is situated on the outskirts of Cape Town, about 30km from the city centre. It was 

established in the 1980’s, by the apartheid government for black Africans to live. This spatial 

planning keeps its residents in a poor area far from employment. 

 

Khayelitsha has an estimated population of 442 721 in 2020 (12). The majority are black 

Africans (99%) (13), with a significant number of residents being migrants from the Eastern 

Cape. It has a high unemployment rate, approximately half the households live in informal 

dwellings (13), and many live below the poverty line. 

 

Food insecurity is prevalent in Khayelitsha (14). This results in the consumption of less diverse 

traditional foods (15). The majority of households in Khayelitsha frequently consume highly-

processed foods and foods tending to cause obesity, such as “industrially produced bread, 

processed meat, sugar-sweetened beverages, and sugar” (15), as these are usually cheap. 

Furthermore, the high rate of crime and violence means residents are reluctant to use public 

areas to exercise, leading to reduced physical activity (16). 

 

For people with diabetes who live in Khayelitsha, these factors (unhealthy diets and lack of 

physical activity) negatively affect their glycaemic control, and are difficult to change. Poor 

understanding of diabetes, not prioritising diabetes management and inadequate knowledge 

around diabetes self-care (including compliance to medication) are other factors that 

contribute. 
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Diabetes chronic care in Khayelitsha is mostly provided by clinical medical officers (general 

practitioners), as well as clinical nurse practitioners at public primary health care facilities. 

Clinicians with post-graduate training in diabetes is rare.  

 

In South Africa it is not uncommon to encounter patients with very poorly controlled diabetes 

who have not had adjustments made to their treatment for years (17).  This is likely linked with 

poor glycaemic control monitoring practices: for example, a folder audit at public primary 

health facilities in the Western Cape showed that in 2018, 59% of diabetic patients did not 

have a single HbA1c blood test done in a full year (18), despite local guidelines recommending 

1-4 such blood tests per patient per year (19). Not testing frequently enough hinders proactive 

diabetes management, and it is known to be associated with negative effects on glycaemic 

control (20). 

 

Microvascular complications (these include retinopathy, nephropathy, and neuropathy) are 

known to reduce quality of life, lead to disability, as well as carry an increased risk of mortality, 

especially as these complications progress (21). Two large scale international studies have 

shown that improved glycaemic control (as demonstrated by reduction in HbA1c levels) are 

associated with reduced risk of microvascular complications (22-24). This is the reason 

guidelines recommend keeping patients’ HbA1c at less than 7 or 8 (19). However, achieving 

this level of glycaemic control is difficult: it involves both the health care practitioner’s 

medication prescribing and advice, as well as the self-care behaviour of patients. 

 

There is good research-based evidence that people with diabetes ought to receive diabetes 

self-management education (DSME) (25); with its objective being to “facilitate the knowledge, 

decision-making, and skills mastery necessary for diabetes self-care” (26). A systematic review, 

including trials from the United States, Europe, Mexico and Thailand, specifically focussing on 

group education showed this is effective in improving glycaemic control (27). Group education 

also appears to have modest beneficial effects in the long term (28). 

 

South African studies, published in 2007 and 2014, assessing the effects of diabetes 

education on glycaemic control did not demonstrate significant improvements (29, 30). Reasons 

postulated were poor health literacy, poor attendance, no suitable space for group education 

and lack of prioritisation of the program by facility management. However, another more recent 

South African study from Khayelitsha, published in 2020, comparing 6 months of “intensified 

care” to usual care in uncontrolled patients (HbA1c >10) resulted in significant improved 
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glycaemic control, with an average 1.1% reduction in HbA1c. The intensified care included 

group education and was thought to be the main reason for the improvement (31).  

 

This study of routine audit data will assess an intervention that added weekly practitioner-

directed insulin dosage adjustments (based on home blood glucose monitoring) to the group 

education component (see section "7.2 Intervention" below for a detailed description of the 

intervention). This is what differentiates this intervention from other diabetes education; and 

fills the much needed gap in getting diabetic patients on insulin onto the right dosage of 

medication. It is estimated that 40% of diabetics in the Western Cape use insulin (18). 

 

 

4. Problem and Purpose of this Study 

 

Problem: Khayelitsha has a high percentage of people living with uncontrolled diabetes, and 

the number of people living there with diabetes is increasing. The effect of this is seen with 

the high mortality rates for diabetes. 

Some of the reasons for the poor glycaemic control are: 

- Inadequate patient knowledge / understanding about diabetes and its management. 

- Poverty, which contributes to unhealthy diets and lack of physical activity. 

- Poor standard of care as demonstrated by glycaemic control not being monitored 

frequently enough and medication not being adjusted appropriately. 

 

 Purpose of the review: If found to be effective at reducing glycaemic control, one 

could implement and further investigate this type of intervention at other facilities in 

this setting; one could use lessons learned to improve current group education 

programmes, and to inform the development of a local standard operating procedure 

for the glycaemic monitoring in patients on insulin. 

 

 

5. Hypothesis 

 

Hypothesis:  

Patients using insulin who attended group diabetes education sessions with practitioner-

directed insulin dosage adjustments at their primary health care clinic in Khayelitsha in 

2013-15, will be compared to patients on insulin who received usual care at the same facility 

over the same time period: 
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It is hypothesised that routine care audit data will show that glycaemic control improved in the 

short-term; and the intervention had a sustained positive effect on glycaemic control in the 

medium term when compared to the control group. 

 

Outcome:  

 HbA1c reduction on average by 1% in the short term.  

 HbA1c reduction was maintained over a 3 year period. 

 The intervention group’s glycaemic control improved more than the control groups. 

 

 

6. Aims and Objectives 

 

Aim: to evaluate the effect the intervention had on glycaemic control (based on changes in 

HbA1c) in the short and medium term using routine care audit data. 

 

 

Primary Objectives: 

1. To evaluate the change in glycaemic control in the intervention group in the short term. 

2. To evaluate the change in glycaemic control in the intervention group in the medium 

term. 

3. Assess the effectiveness of the intervention by evaluating the change in glycaemic 

control in the intervention group and comparing it to a comparison group over a 3-5 

year period, using a set time frame. 

 

 

Secondary Objectives: 

1. To evaluate the change in insulin dosage: 

a. In the intervention group: before and after the intervention 

b. By comparing the change in insulin dosage in the intervention and control group 

over the medium term. 

2. To assess the number of HbA1cs done annually in the intervention and control group 

during the study period. 

 

 

 

 



 

9 
 

 

7. Methods 
 

7.1 Study Design 

 

The intervention to be assessed was implemented as a routine care improvement project at a 

primary health care facility in 2013-2015. Formal evaluation or research was not intended at 

that time. However, this study now intends to assess its impact on patients’ glycaemic control, 

by using data gathered by a routine care audit. 

 

Evaluating the short term effects of the intervention:  this will be done using a pre/post 

design: comparing glycaemic control before and after the intervention.  

 

Evaluating the medium term effects of the intervention: this will also be done using a 

pre/post design: comparing glycaemic control before and 3 years after the intervention. 

 

The benefits of the pre/post design is that patients are their own controls. However, a limitation 

is that changes in glycaemic control may be due to the intervention, but could also reflect other 

changes (for example changes in clinical care or the natural progression of disease). For this 

reason a comparative assessment will be carried out.  

 

Assessing the effectiveness of the intervention in the medium term when compared to 

a control group: this will be done using a retrospective cohort study design, where the 

“exposure” is in an intervention and the “outcome” is the change in glycaemic control over the 

study period. The control group will be made up of all patients using insulin attending the same 

facility during the same time period, who did not attend the intervention. It will be an 'as treated' 

analysis.  

 

Ideally a randomised control trial is used to assess the effectiveness of such an intervention. 

However, this intervention was not done under a tightly controlled experimental research 

setting. This was a health practitioner designed and implemented service improvement 

project; the study will therefore be using real-world data (audit data), which reflects actual 

clinical practice but will also impose limitations on the analysis. 
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7.2 Intervention 

 

The intervention which will be assessed was an 8-week diabetes group education programme 

held at participants’ usual primary health care facility. At the weekly, hour-long education 

sessions every participant was also advised on the insulin dosage they were meant to use for 

the next week. These insulin dosage adjustments were made by the health care practitioner, 

based on the participants average home blood glucose readings from the previous week, 

according to an insulin titration schedule (Annexure 1).  

 

The intervention was held at the primary health care clinic in Khayelitsha, called Matthew 

Goniwe Clinic. This is a City of Cape Town administered clinic offering non-communicable 

disease care, amongst other services.  

 

The education sessions were held first thing in the morning, at 7h30, which is the clinic’s 

opening time. This time was chosen to allow patients who were employed to attend and then 

still get to work afterward. Attendance certificates were given to participants who requested 

these. 

 

The intervention was designed and implemented by one of this clinic’s health care 

practitioners, who started working at the clinic in March 2013. It was implemented as a service 

improvement project, and was not planned to be a formal research project. 

 

There were a total of 18 groups of patients that attended this intervention, held over a 2-year 

period (between August 2013 and July 2015). The groups ranged in size from 4 to 11 people 

(with an average of 8.4) (see table 1).  
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Table 1: Date and number of participants at the 18 diabetes group education sessions. 

Programme 

Date of 

programme 

start 

No. of 

participants 

Group 1 2013/08/07 8 

Group 2 2013/09/17 11 

Group 3 2013/10/11 14 

Group 4 2014/01/20 10 

Group 5 2014/01/21 11 

Group 6 2014/02/13 10 

Group 7 2014/03/17 10 

Group 8 2014/03/18 7 

Group 9 2014/06/03 11 

Group 10 2014/06/20 11 

Group 11 2014/07/03 5 

Group 12 2014/08/26 4 

Group 13 2014/09/11 5 

Group 14 2014/10/21 6 

Group 15 2015/02/03 6 

Group 16 2015/03/04 6 

Group 17 2015/04/21 8 

Group 18 2015/06/10 ?* 

* missing data on attendance of group 18. 

 

 

A total of 141 participants attended this intervention - 86% of whom had good attendance (4 

or more sessions attended).  

Two participants attended twice (one attended Group 7 and 14, the other attended Group 1 

and 10). (see table 2). 

 

 

Table 2: Attendance: this table shows how many sessions (out of 7) the participants 

attended in each group 

Number of 

sessions 

attended  

(by participant) 

No. of participants 
Poor versus good 

attendance 

Total = 

143 
% Total = 143 % 

2 sessions 11 8 % 
Poor: 14 14 % 

3 sessions 9 6 % 

4 sessions 14 10 % 

86 86 % 
5 sessions 19 13 % 

6 sessions 24 17 % 

7 sessions 66 46 % 

                   * Participants who attended only the first introductory session are not included. 

                   * Group 18 is excluded due to the missing data on attendance. 
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Patients were sent SMS’s the day before to remind them to attend. 

 

The sessions were held in English. When participants could not understand English: 

 For Afrikaans speaking participants: the content was translated into Afrikaans by the 

health care practitioner. 

 For Xhosa speaking participants: a facility nurse, when available, was asked to assist 

in translating the content. If a nurse was not available, one of the participants was 

asked to translate. 

 

The programme consisted of 8 sessions with the following topics: 

1. Glucose monitors: how and when to use them 

2. Diet advice with a focus on carbohydrates 

3. What is diabetes and history of insulin 

4. Insulin information (including how to inject, storage, duration of action) 

5. How to prevent diabetes complications 

6. Hypoglycaemia (including symptoms, causes and treatment) 

7. Hypertension, dyslipidaemia, smoking 

8. What to expect at clinical consultations (including HbA1c blood tests, kidney 

screening, feet and eye examinations). 

 

At the first session, blood glucose monitors (Accu-Chek Active) were given to every participant 

– the date and time on every monitor had been set. Participants were instructed how to use 

these monitors, and how often to test their blood glucose level. A handful of participants 

already owned a monitor (which they had either been able to buy or had received from another 

health care facility). Patients were given information on this intervention, and that attendance 

was voluntary. 

 

Baseline assessments of participants’ glycaemic control (HbA1c blood tests at this first 

session) were not done, as this was not practically feasible due to the situation at the health 

care facility: the number of patients waiting to be attended to was very high in the morning (the 

facility had no appointment system so the majority of patients attending for the day arrived in 

the morning). Therefore there was not enough time for anyone to draw the bloods. (See 

section “7.7 Outcome measurements” for the limitations of using blood tests that were done 

during routine care instead of specifically for the intervention.) 

 

At each of the subsequent seven sessions, the participants also received just enough test 

strips to last for a week of home glucose monitoring:  
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 Patients using basal insulin once a day (at night) received 7 test strips and were 

instructed to test their blood glucose levels in the morning before eating. 

 Patients on biphasic insulin received 14 test strips and were instructed to test their 

blood glucose levels twice a day: 30-minutes before breakfast and 30-minutes before 

supper, to coincide with their insulin injections. 

 

Patients were instructed to write down their blood glucose readings on a monitoring page 

which had been designed for the programme (Annexure 2). They were also told to bring this 

page and their blood glucose monitor to every session. 

 

The glucose test strips used during the programme were available from the health care 

facility’s pharmacy. The monitors were received on request from the representative of the 

diagnostics company (Roche diagnostics), as was standard practice at all primary health care 

facilities at the time.  

 

At public sector clinics, patients using insulin are eligible to receive blood glucose testing 

strips. This is in line with international guidelines that recommend home blood glucose 

monitoring in patients using insulin (32). Current evidence does not support the use of home 

blood glucose monitoring in diabetic patients on only oral diabetic medication (33, 34).  

 

From the second session onwards, on arrival, home blood glucose readings were assessed 

for every patient: the results the participants had written down were verified with the readings 

saved on the monitors. Insulin dosage adjustments were made based on the average glucose 

readings for the week, according to the titration schedule. Patients were verbally instructed on 

these insulin dosage changes, and this was also documented on the monitoring page, which 

was returned to the participant. This was followed by the group education session. 

 

After the 8 sessions, if further insulin adjustments were needed (if home blood glucose 

readings had not achieved target values) patients were encouraged to continue to come for 

weekly insulin adjustments. 

 

The provider documented the following information on the data collection page (Annexure 3) 

at every session:  

• Attendance 

• Average weekly blood glucose readings  

• The new recommended insulin dosage for the next week  
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At the end of the programme, a discharge note (Annexure 4) with this information was 

completed and filed in the patients clinical records.  

 

 

7.3 Recruitment for the intervention 

 

Patients on insulin attending Matthew Goniwe clinic were added to a list to receive a glucose 

monitor. This list was compiled by doctors, who would collect patients’ names and details 

during clinical consultations.  

 

This list included the patients’ latest HbA1c results. Patients with worse diabetes control were 

prioritised for the intervention, as they were considered at highest risk of complications. The 

average participants HbA1c was 12.6% (see table 3 for more information on participants’ 

glycaemic control prior to the intervention). Also, patients with known diabetic complications, 

in whom tight glycaemic control was needed to prevent or slow progression were also 

prioritised. 

 

Table 3: Participants most recent HbA1c results, before attending the education 

sessions (includes HbA1c up to 2 weeks after the start of the intervention)  

HbA1c result 

No. of 

participants % 
Glycaemic 

control 
Total = 143 

< 7.0 0 0 0 % Good 

7.0 - 7.9 3 3 3% Acceptable 

8.0 - 8.9 3 
14 10% Poor 

9.0 - 9.9 11 

10.0 - 10.9 13 

126 88% Uncontrolled 

11.0 - 11.9 22 

12.0 - 12.9 25 

13.0 - 13.9 25 

14.0 - 14.9 21 

≥ 15.0 20 

                                  * data on group 18 not included due to missing data on attendance.  

 

The HbA1c blood tests were taken during usual clinical visits at Matthew Goniwe clinic. These 

results were documented on the waiting list and were updated ad hoc; on occasion previously 

uncontrolled diabetic patients whose glycaemic control had improved prior to the intervention 

(unknown to the programme organiser) were invited to the education sessions. Also, the 

HbA1c blood tests were often more than 6 months old as they were not being monitored 

frequently enough during routine care.  
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Approximately a week before a new programme was planned, patients were called 

telephonically to inform them that a glucose monitor was available for them and that they could 

collect it at the first session of a diabetes education programme. Patients who could not be 

contacted telephonically were sent an SMS to invite them. 

 

Participation in the programme was voluntary. 

 

 

7.4 Sampling 

 

Intervention Group - General Inclusion Criteria: 

• Men and women aged between 18 and 70 years at the start of the study period. 

• Patients who attended 2 or more sessions of the intervention. 

• Patients attending the same facility throughout the study period. 

• Patients using basal or biphasic insulin. 

 

Evaluating the short and medium term effects of the intervention (pre/post design):   

 

• Patients need to have had an HbA1c 12-months before and up to 2-weeks after the 

start of the intervention (“pre-HbA1c”), and this HbA1c result must have been taken 

while the patient was on insulin therapy for at least 3 months. 

• For the short term pre/post design: Patients need to have had an HbA1c 3 to 15-

months after the start of the intervention (“post-HbA1c”) 

• For the medium term pre/post design: Patients need to have had an HbA1c 3 to 5 

years after the start of the intervention (“3-years-post-HbA1c”) 

 

A patient clinic-folder review will be conducted to ensure the “pre-HbA1c” was taken while the 

patient was on insulin therapy for at least 3 months. During this folder review, a number of 

data elements will be collected (see section “7.7 Outcome measurements” below). 

 

See section “7.3 Recruitment for the intervention” on how participants were selected for the 

intervention. 
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Assessing the effectiveness of the intervention when compared to a comparison group: 

 

• Patients need to have (at least) 2 HbA1c results which are 3-5 years apart, while on 

insulin therapy for at least 3 months. 

o The “first HbA1c” needs to be taken between April 2013 and April 2015, using 

the earliest result, if there is more than one result in that time period. 

o The “last HbA1c” is taken 3-5 years after the first, using the result closest to the 

3 year mark, if there is more than one result). 

 

 

Diagram 1: Time frame of selecting the “first HbA1c” and “last HbA1c” 

 
 

 
 
 
 

 
 
 
 
 
 
 
 

Intervention group – exclusion criteria: 

• Participants who attended the first session only will not be included, but can be 

included in the comparison group (as-treated analysis). 

• Group 18 participants will not be included in the study as attendance is unknown. 

 

 

 

Comparison group sampling: 

 

The comparison patients will have attended the same primary health care clinic as the 

intervention group, during the same time frame, but differ in terms of not having attended the 

intervention.  

 

Step 1: Identify all diabetic patients who ever received insulin at Matthew Goniwe clinic, who 

had an HbA1c done between April 2013 and April 2015, and repeated 3-5 years later – 

excluding patients who attended the intervention. 

 

“Last HbA1c” 
01.04.2013 – 30.04.2015 

 

“Last HbA1c” 
3-5 years after “first HbA1c” 

“First HbA1c” 
01.04.2013 – 30.04.2015 

Group Diabetes Education 
Programmes 
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1. Matthew Goniwe Clinic patients on insulin will be identified: 

a. Using pharmaceutical electronic data from the Chronic Dispensary Unit (CDU) 

i. all patient having ever received insulin from CDU will be identified.  

b. Using the list of patients waiting to receive glucose monitors (compiled by the 

clinic doctors) 

c. Using the list of patients that were invited to the intervention but did not attend.  

d. Using the list of patients who had received a glucose monitor. 

2. This list will be narrowed down by including only those patients that had a recorded 

diabetes visit at Matthew Goniwe clinic between 01.04.2013 and 30.04.2015 using 

Prehmis (the City of Cape Town’s Patient Record and Health Management Information 

System). 

3. It can be further narrowed down by including only those patients that had a recorded 

visit between 01.04.2016 – 30.04.2020 using Prehmis. 

4. This list will be narrowed down by including only patients that had an HbA1c done 

between 01.04.2013 and 30.04.2015, and who have a comparison HbA1c 3-5 years 

later, using NHLS data. HbA1c must have been taken at Matthew Goniwe clinic. 

5. Participants of group 18 will be excluded.  

 

 

Diagram 2: Step 1 of sampling the comparison group  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CDU: all patients that have 
received insulin at  

Matthew Goniwe clinic 

List: patients waiting to 
receive glucose monitors. 

List: patients invited to the 
intervention, but did not 

attend. 

List: all patients that 
received a glucose monitor.  

Remove duplicates & 
intervention attendees. 

Prehmis: include patients 
with diabetes visits between 

01.04.2013 – 30.04.2015 

Prehmis: include patients 
that attended between 

01.04.2016 – 30.04.2020 

NHLS: HbA1c between 
01.04.2013 – 30.04.2015, 
and repeat 3-5 years later 

Group 18: exclude these 
patients 

Comparison group patients 
for Folder Review. 
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Step 2: To identify patients that had their first HbA1c while on insulin therapy for at least 3 

months, a folder review needs to be done. 

 

1. All folders identified in Step 1 will be reviewed 

2. The medication at the time of the “first HbA1c” will be reviewed: 

a. If the patient was on insulin for at least 3 months: they will be included and all 

necessary data will be collected from the folder (see section “7.6 Outcome 

measurements” below) 

b. If the patient is not on insulin at the time of the first HbA1c, but was started on 

insulin between 01.04.2013 and 30.04.2015, then the next HbA1c that meets 

the inclusion criteria will be used as the “first HbA1c” (i.e. it must be taken 

between 01.04.2013 and 30.04.2015, and the patient needs to have been on 

insulin for 3 months). 

c. If the patient is not on insulin at the time of the first HbA1c, and does not have 

another HbA1c between 01.04.2013 and 30.04.2015 while on insulin for at 

least 3 months, then they will be excluded. 

d. If the patient is not on insulin during the time period, they will be excluded. 

3. Patients’ age at the “first HbA1c” will need to be checked, and only those between the 

ages of 18-70 years will be included. 

 

Patients’ whose folders cannot be found, will not be included in the study. 

 

 

Limitations:  

 The intervention participants were recruited according to glycaemic control and co-

morbidities. This means that they may differ significantly from the control group in that 

regard: the intervention group may have worse glycaemic control which will dilute the 

effect of the intervention.  

• Patients who remained poorly controlled from the first HbA1c would have been 

prioritised for the intervention, and patients that improved from the first HbA1c with 

usual care would have moved down the list of priority. Therefore the recruitment 

process favours an improved outcome in glycaemic control in the control group. 

• HbA1c results are not selected in relation to the intervention, but according to a given 

time frame. This means the time from the “first HbA1c” until the start of the intervention 

differs, but will have occurred within 2 years of the 3-5 years being assessed.  
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o This is done because baseline HbA1cs were not done at the start of the 

intervention, and it is therefore not possible to have the period from “first 

HbA1c” to start of intervention be the same in all participants of the intervention. 

o It is done because it ensures the timeframe used to compare intervention and 

control group is the same.  

• Glucose monitor in itself can have beneficial effects on patients’ glycaemic control, and 

therefore this parameter will be captured during the folder review. 

• Patients that attended only one session of the intervention (the introductory session) 

can be added to the control group: they met the recruitment requirements, making 

them good candidates to compare with the intervention group. However, a limitation is 

that they might be different to the patients that attended in some way, as they did not 

attend. 

• For the folder review, data will be collected from clinic folders. It is anticipated that a 

number of folders might not be found and this could lead to incomplete data. 

 

7.5 Sample Size 

 

Intervention group:  

 141 patients attended the intervention. 

 110 of these patients still attended the same clinic 3 years later. 

 

Some of these participants might be excluded with the criteria documented above. 

 

Comparison group: 

The comparison group will contain all patients that meet the inclusion criteria.  

The relatively small number may be a limitation to the strength of the study outcome. 

 

7.6 Outcome measurements 

 

The indicator used to assess the outcome of the study is glycaemic control using HbA1c blood 

results.  

 

These blood tests were done during routine care, and were not taken specifically at the start 

of this intervention (as a formal assessment of this intervention had not been planned). This 

is a limitation, as some blood tests are taken fairly long before or after the intervention, which 

means other factors may have contributed to the change in HbA1c.  
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The criteria for using an HbA1c blood tests in this study is: patients need to have been on 

insulin for at least 3 months. This period would have allowed patients to become familiar with 

insulin injections would ensure that changes in glycaemic control are not solely due to the 

commencement of insulin. 

 

The HbA1c results will be obtained from the NHLS data base (TrakCare / Disa Lab) using the 

patients’ clinic folder number and/or full name. 

 

Data collection on study participants’ baseline characteristics will be done: 

 

From Prehmis (the City of Cape Town’s Patient Record and Health Management Information 

System): 

- Gender 

- DOB / Age 

 

From folder review: 

- Date when diabetes diagnosed 

- Date when diabetes treatment started at Matthew Goniwe Clinic 

- Date when basal insulin was started, and when biphasic insulin was started  

- Insulin dosage at “first”, “last”, “pre”, “post” and “3-years-post” HbA1c 

- Date when glucose monitor was given 

- Weight and BMI at (or before) “first” HbA1c  

- Co-morbidities 

- Known diabetic complications (retinopathy, kidney disease (microalbuminuria/ 

nephropathy), peripheral neuropathy, peripheral arterial disease, 

cardiovascular disease etc.) 

- Employment  

 

From records:   

- Date the group education sessions were started 

- Number of sessions that were attended 

- Change in insulin dosage during the intervention  

 

The folder review will be performed at the Matthew Goniwe clinic: COVID-19 safety 

precautions will be followed at all times (wearing mask, social distancing, sanitizing of hands 

and surfaces, and maximising ventilation). 
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7.7 Data management 

 

To ensure accuracy and reliability of the data collected, one person will be responsible for the 

data collection.  

 

The following recordkeeping and data handling measures will be in place to make sure the 

patient’s identity and data will be kept confidential: 

- All electronic information will be saved in password-protected, encrypted files. 

- Once the data collection has been completed, all identifiers (e.g. name, date of birth) 

will be removed from the data set for data analysis. An anonymous unique identifying 

code will be assigned to each patient. The key to this unique identifying code will be 

saved in a password-protected, encrypted file. 

 

 

 

7.8 Data analysis  

 

The data analysis will be performed using the statistical software Stata. The initial analysis will 

be a univariate (single variable) analysis, looking at HbA1c results to determine the change in 

glycaemic control in the intervention group, and comparing this to the comparison group. Later, 

these results will be assessed in relation to other variables to see how these impacted on 

glycaemic control (bivariate analyses).  

 

 

Evaluating the short and medium term effects of the intervention (pre/post design):   

 

Short-term pre/post design: 

 Calculate the average change in HbA1c in the short-term. 

 Secondary objective: calculate the change in insulin dosage. 

 

Medium-term pre/post design: 

 Calculate the average change in HbA1c in the short-term. 

 Calculate the average change in HbA1c in the medium-term. 

 Calculate the difference between the change in HbA1c in the short and medium term. 

 Secondary objective: calculate the change in insulin dosage in the short and medium 

term and the difference between the two. 
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These results will be analysed according to: 

 Participants’ weight and age  

 Participants attendance of the intervention 

 Timing of the “pre” and “post” HbA1c blood tests in relation to the intervention 

 Duration on insulin prior to the intervention 

 Change in glycaemic control in the short term. 

 

 

Assessing the effectiveness of the intervention when compared to a comparison group: 

 

Baseline characteristics of all subjects will be documented in a table to assess if the 

intervention and control groups are comparable.  

 

The comparison between intervention and control groups will be an “as treated” analysis.  

 

 Calculate the average change in HbA1c in both groups. 

 Assess if the difference between the two groups is significant.     

 Secondary objective: calculate the average change in insulin dosage in both groups 

and compare the two. 

 Secondary objective: assess the number of HbA1cs done annually in the intervention 

and control group during the study period. 

 

The change in HbA1c in the both groups will be analysed according to: 

 Glycaemic control at the start of the study (“first HbA1c”) 

 Participants’ weight and age  

 Duration on insulin prior to the intervention 

 Possession of glucose monitor 
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8. Ethics 

 

This intervention was designed for and implemented as part of routine care; formal evaluation 

thereof was not initially planned. This study will collect and examine routine care audit data to 

assess the intervention. 

 

Informed consent process 

Informed consent will not be taken from the intervention nor the comparison group, as this is 

fundamentally a folder-review audit.  

  

Risks 

Measures to protect the confidentiality of study participants will be implemented (see section 

“7.7 Data management” above). This study will be conducted by the patient’s attending 

clinician: no divulging of identifying information will be made outside of this clinician and her 

supervisor.  

 

Benefits 

- If this study shows improved glycaemic control in the intervention arm, it has the 

potential to motivate for the implementation and further study of this intervention at a 

greater scale, at more facilities in Cape Town.  

- Improved glycaemic control has personal benefits for patients for being at reduced risk 

of developing diabetic complications; and on a health systems level a reduction in 

diabetic complications could ultimately lead to significant reduction in health care 

costs. 

 

Compensation 

No monetary reimbursement was provided for attendance of the intervention.  

 

Permissions 

Permission from the City of Cape Town will be needed to access the folders for the folder 

review. 

 

Compliance 

This protocol complies with the principles of the Helsinki Declaration of 2013 (35) and the 

Department of Health’s health research ethics guidelines of 2004 (36). 
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9. Time Frame 

The aim is to complete this study by April 2022. The submission to Human Research Ethics 

Committee of the University of Cape Town is planned for July 2021. Once ethics approval has 

been obtained: 

 it will take approximately 2 months to do the sampling of the comparison group, to 

obtain permission from the City of Cape Town, and complete the data collection; 

 And a further 2 months for the data analysis and writing up of the findings.  

 

 

10. Budget 

No funding will be received. 

 

 

11. Outputs  

This study will be used to complete a Masters of Public Health mini dissertation, and will be 

presented to the City Health department (City of Cape Town). It will also be submitted to 

primary health care journals for potential publication.   

    

 

12. Conflicts of interest 

This study will be performed by the same person who designed and implemented the 

intervention. This is a limitation due to potential compromised objectivity and bias.   
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Annexure 1: Insulin Titration Instructions and Schedule  
 

 

Insulin Dosage Adjustment - Instructions 
 
Insulin dosage adjustments should be done every 3-7 days, until glycaemic control is achieved. 
Use average blood glucose levels of at least 3 days; never adjust insulin just on one reading. 
Instructions on the back of this page.  
 

 

 
 

Healthy adult 
(age 18 – 65 years) 

 
Goal HbA1C: <7% 

Goal fasting blood glucose: 4.0 – 7.0 

Average Hgt Dosage adjustment 

> 10 + 8 units 

8.1 – 10 + 6 units 

7.1 – 8.0 + 4 units 
6.1 – 7.1 +2 units 

4.1 – 6.0 No change 
4.0 or less - 2 units 

 
 

 

Healthy elderly 
(age 65 years and older) 

 
Goal HbA1C: <7% 

Goal fasting blood glucose: 6.5 - 7.5 
 

This includes patients with no (or mild) microvascular 
disease, good functional status and life expectancy of at 

least 10-15 years. 

 

Average Hgt 
 

Dosage adjustment 

> 12 + 8 units 

9.6 – 12 + 6 units 

8.6 – 9.5 + 4 units 
7.6 – 8.5 +2 units 

6.5 – 7.5 No change 
Less than 6.5 - 2 units 

 
 

 

Frail elderly 
(age 65 years and older) 

 
Goal HbA1C: 7.6-8.5 

Goal fasting blood glucose: 7.5 - 9.0 
 

This includes patients with advanced microvascular 
disease, major co-morbid disease (e.g. IHD), poor 

functional status and life expectancy of less than 5 years. 

 

Average Hgt 
 

Dosage adjustment 

  
> 11  + 6 units 

10 – 11 + 4 units 
9.1 – 10 +2 units 

7.5 – 9.0 No change 

Less than 7.5 - 2 units 
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Basal insulin (intermediate acting insulin, e.g. Protophane / Humulin N) 
 This insulin is injected once a day: at bed time. 

 Patients must monitor their fasting blood glucose levels in the morning (before breakfast). 

 Patients must bring their readings to the clinic every 3-7 days. 

 The average fasting blood glucose level must be calculated and then the insulin dosage must be 
adjusted using the appropriate table on the next page (Glycaemic Targets). 

 
Example1: 43 year old diabetic male. No co morbidities. 

Date Day Bedtime 
Insulin 

Morning 
Blood Sugar  

(Before breakfast) 

  Work out the average fasting blood glucose 
level:  (8.5 + 7.9 + 9.2) / 3 = 8.5 

 Using the appropriate table on the next page 
one can see that this patient needs to increase 
the bedtime insulin dosage by 6 units. He now 
needs to use 22u of insulin at bedtime. 

11/01 Mon 16u 8.5  

12/01 Tue 16u 7.9  

13/01 Wed 16u 9.2  

 
 

 

Biphasic insulin (e.g. Actraphane / Humulin 70/30) 

 This insulin is injected 2 times per day: 30 minutes before breakfast and supper. 

 Patients must test their fasting blood glucose levels in the morning (before breakfast), and their blood 
glucose level before supper (i.e. the same time they take their insulin). 

 Patients must bring their readings to the clinic every week. 

 The average blood glucose levels before breakfast and the average blood glucose level before supper 
must be calculated. 

 The evening insulin dosage is adjusted using the morning blood glucose level and the morning insulin 
dosage is adjusted using the evening blood glucose level. 

 One must be careful with patients who have erratic readings: increasing insulin dosage may result in 
hypoglycaemia. Instead consider advising the client on diet changes (aim to keep carbohydrate intake 
the same every day). A referral to the dietician may be indicated. 

 
Example2: 72 year old female with ischaemic heart disease. 

 

 Morning 
(30 minutes before breakfast) 

 

Evening 
(30 minutes before supper) 

  Working out the averages: 
Morning:  (7.3 + 8.2 + 8.8) / 3 = 8.1 
Evening:  (11.5 + 9.5 + 10.7) / 3 = 10.6 

 Now using the appropriate table on the 
next page: the patient is injecting the 
correct amount of insulin in the 
evening, but needs to inject 4 units 
more in the morning, ie.: 24u / 10u bd. 

Date Insulin  
  

Blood Sugar  Insulin  Blood 
Sugar 

 

11/01 20u 7.3  10u 11.5  

12/01 20u 8.2  10u 9.5  

13/01 20u 8.8  10u 10.7  

 
 
 
Example3: 54 year old male. No co morbidities. 

 

 Morning 
(30 minutes before breakfast) 

 

Evening 
(30 minutes before supper) 

  Blood glucose levels are very erratic. 
This patient is at risk of a 
hypoglycaemic episode, especially if 
the insulin dosage is increased. 

 Explain to this patient how to keep his 
carbohydrate intake the same every 
day and review his readings again in 1 
week. 

Date Insulin  
  

Blood Sugar  Insulin  Blood 
Sugar 

 

11/01 20u 3.7  10u 22.0  

12/01 20u 15.6  10u 5.2  

13/01 20u 8.4  10u 14.5  
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Annexure 2: Blood glucose Home Monitoring Page 

ADJUSTING YOUR BEDTIME INSULIN DOSAGE 
 

Date Day Bedtime 
Insulin 

Morning 
Blood Sugar  

(Before breakfast) 

  

Aim: 
The aim of these insulin adjustments is for you 
to have morning blood sugar levels  
between 4 and 6 
 
 
 
 
 
 
 
 
 
 

 
 
 

Instructions: 
1) Inject your insulin every evening at  

bedtime (8 – 10 pm) 
2) Test your blood sugar level every 

morning before breakfast 
3) Write down your result on this page. 
4) Bring this page to the clinic every week. 

 
 
 
 
 
 
 
 
 
 

 

     

     

     

     

     

     

     

 

Next insulin adjustment date:____________ 
 
 

 

Date Day Bedtime 
Insulin 

Morning 
Blood Sugar  

(Before breakfast) 

 

     

     

     

     

     

     

     

 

Next insulin adjustment date:____________ 
 
 

 

Date Day Bedtime 
Insulin 

Morning 
Blood Sugar  

(Before breakfast) 

 

     

     

     

     

     

     

     

 

Next insulin adjustment date:____________ 
 

Goal: 
4.0 – 6.0 
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Date Day Bedtime 
Insulin 

Morning 
Blood Sugar  

(Before breakfast) 

  
 
 
 
 
 
 
 
 
 
 
 
 

Pay attention to the food you eat:  
you will notice that the amount you eat and the 
type of food you eat has a big impact on your blood 
sugar. Try to follow a healthy diet plan where you 
eat more or less the same amount of food every 
day: this will make sure that your blood sugars are 
more or less the same every morning.  
Importantly, it is the carbohydrates (starch and 
sugar) you eat that affects you blood sugar. 

 
 

 

Low blood sugar: 
Blood sugar levels of less than 4 are too low! 

 
If you have a blood sugar of less than 4: eat or 
drink something sweet immediately! 
Then you need to try and work out why your blood 
sugar dropped so low. Ask yourself the following 
questions: 

 Did you by mistake inject too much insulin? 

 Did you not eat your normal dinner the 
evening before? Did you eat enough starch 
yesterday? 

 Did you forget your bedtime snack? 

 Did you exercise more than usual the day 
before? 

Usually one can find a reason why the blood sugar 

dropped too low. 
 
 
 
 
WARNING:  
Low blood sugars of less than 3 can result in 
seizures or coma! 

     

     

     

     

     

     

     

 

Next insulin adjustment date:____________ 
 

 
 

 

Date Day Bedtime 
Insulin 

Morning 
Blood Sugar  

(Before breakfast) 

 

     

     

     

     

     

     

     

 

Next insulin adjustment date:____________ 
 

 
 

 

Date Day Bedtime 
Insulin 

Morning 
Blood Sugar  

(Before breakfast) 

 

     

     

     

     

     

     

     

 

Next insulin adjustment date:____________ 
 
 

 

Goal: 
4.0 – 6.0 
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ADJUSTING YOUR MORNING AND EVENING INSULIN DOSAGE 
 
 

 Morning 
(30 minutes before breakfast) 

 

Evening 
(30 minutes before supper) 

  
 

Aim: 
The aim of these insulin adjustments  
is for you to have blood sugar levels between 
4.0 and 6.0 
 
 
 
 
 
 
 

 
 
 
 
 
 

Instructions: 
1) Inject your insulin 30 minutes before 

breakfast, and 30 minutes before 
supper every day.  

2) Also test your blood sugar level 
30minutes before breakfast and 
30minutes before supper. 

3) Write down your results on this page. 
4) Bring this page to the clinic every 

week. 
 

Date Insulin  
  

Blood 
Sugar 

 

Insulin  Blood 
Sugar 

 

       

       

       

       

       

       

       

 

Next insulin adjustment date:___________________ 
 

 

 Morning 
(30 minutes before breakfast) 

 

Evening 
(30 minutes before supper) 

 

Date Insulin  
  

Blood 
Sugar 

 

Insulin  Blood 
Sugar 

 

       

       

       

       

       

       

       

 

Next insulin adjustment date:___________________ 
 

 

 Morning 
(30 minutes before breakfast) 

 

Evening 
(30 minutes before supper) 

 

Date Insulin  
  

Blood 
Sugar 

 

Insulin  Blood 
Sugar 

 

       

       

       

       

       

       

       

 

Next insulin adjustment date:___________________ 

 

 

 
 

 

Goal: 
4.0 – 6.0 
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 Morning 
(30 minutes before breakfast) 

 

Evening 
(30 minutes before supper) 

  
 
 
 
 
 

 
 
 
 

 
Pay attention to the food you eat:  
you will notice that the amount you eat and the 
type of food you eat has a big impact on your 
blood sugar. Try to follow a healthy diet plan 
where you eat more or less the same amount of 
food every day: this will make sure that your 
blood sugars are more or less the same every 
morning.  
Importantly, it is the carbohydrates (starch and 
sugar) you eat that affects you blood sugar. 
 

 
 
 
 

Low blood sugar: 
Blood sugar levels of less than 4 are too 

low! 
 
If you have a blood sugar of less than 4: eat or 
drink something sweet immediately! 
Then you need to try and work out why your 
blood sugar dropped so low. Ask yourself the 
following questions: 

 Did you by mistake inject too much 
insulin? 

 Did you eat less than usual? Did you eat 
enough starch? 

 Did you forget your bedtime snack? 

 Did you exercise more than usual? 
Usually one can find a reason why the blood 

sugar dropped too low. 
 
 
 
WARNING:  
Low blood sugars of less than 3 can result in 
seizures or coma! 

Date Insulin  
  

Blood 
Sugar 

 

Insulin  Blood 
Sugar 

 

   
 

   

   
 

   

   
 

   

   
 

   

   
 

   

   
 

   

   
 

   

 

Next insulin adjustment date:___________________ 
 
 

 

 Morning 
(30 minutes before breakfast) 

 

Evening 
(30 minutes before supper) 

 

Date Insulin  
  

Blood 
Sugar 

 

Insulin  Blood 
Sugar 

 

   
 

   

   
 

   

   
 

   

   
 

   

   
 

   

   
 

   

   
 

   

 

Next insulin adjustment date:___________________ 
 
 

 

 Morning 
(30 minutes before breakfast) 

 

Evening 
(30 minutes before supper) 

 

Date Insulin  
  

Blood 
Sugar 

 

Insulin  Blood 
Sugar 

 

   
 

   

   
 

   

   
 

   

   
 

   

   
 

   

   
 

   

   
 

   

 

Next insulin adjustment date:___________________ 
 

 

 

Goal: 
4.0 – 6.0 
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Annexure 3: Data Collection Page 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

35 
 

Annexure 4: Discharge Note for Patient Clinical Records  

 
Self-Monitoring of Blood Glucose  
with weekly insulin adjustments 

 

  
 
 
 
 
 
 
 
 
 
 
 

 
 
Diabetes since: _______________________ 
 
On insulin since: ______________________ 
 
Using:    Basal (intermediate acting) insulin  
               Biphasic (pre-mixed) insulin 
                    
 

Initial HbA1c: _________   date ______________ 
 
 

Date 
Insulin Average blood glucose 

AM PM AM PM 

     

     

     

     

     

     

     

     

     

     

     

     
 
 

Final insulin dosage: ___________________________ 
 

 
Follow-up HbA1c: _________   date ______________ 

 

 

Patient name: 
 
Folder number: 
 
Age: 
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Annexure 5: Ethics approval 
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Annexure 6: Approval for research at the City of Cape Town 
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Part B: Journal manuscript 

 

Journal manuscript for Primary Care Diabetes 

 

Title 
 

Review of the Effects of Diabetes Mellitus Group Education with Practitioner-directed Insulin 

Dosage Adjustments on Glycaemic Control at a Public Sector Primary Health Care Clinic in 

Khayelitsha 

 

Abstract 
 

Aim: In view of the high burden of poorly controlled diabetes mellitus in South Africa, this study 

evaluated the effect of diabetes group education sessions, coupled with the provision of 

practitioner-directed insulin dosage adjustments based on home blood glucose readings, on 

patients’ glycaemic control in the short and medium term.  

 

Methods: Using routine data, glycaemic control was assessed before, after and three years 

after the intervention. Additionally, patients’ change in glycaemic control over a three-year 

period was compared to a control group. 

 

Results: After the group education sessions and insulin dosage adjustments, the mean HbA1c 

of 66 intervention patients decreased by 2.03% in the short term, from 12.57% (95%CI 

[12.05%, 13.09%]) to 10.54% (95%CI [9.96%, 11.11%]), and by a further 0.43% three years 

after the intervention. However, this change in glycaemic control after three years was not 

different to that of the control group. 

 

Conclusion: The 2% improvement in HbA1c in the short term is a significant achievement; 

although this is related to patients’ poor initial glycaemic control. The control group’s similar 

improvements over a three-year period is due to the improved clinical care and access to 

glucose monitors for all patients over the course of the study period at the study facility. 

 

 

 

 

Key words: insulin adjustment; diabetes group education; primary health care; South Africa 

https://www.primary-care-diabetes.com/#:~:text=The%20journal%20publishes%20original%20research,in%20a%20primary%2Dcare%20setting.
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Introduction 

 

The number of people living with diabetes mellitus (DM) is increasing globally, particularly in 

low- to middle-income countries such as South Africa (SA) [1]. In 2021 it was estimated that 

11.3% of the SA population (4.2 million people) had DM [2]. Most people living with DM in SA 

have poor glycaemic control [3], and in 2017, DM became the leading natural cause of death 

in the province of the Western Cape [4].  

 

Poverty is associated with poorer glycaemic control [5]. People living in poor areas, such as 

Khayelitsha (a large township in the Western Cape), rely on the public health care sector for 

their health needs [6]. Therefore, it is important for the public sector to find and implement 

effective strategies to improve DM care. Improving glycaemic control (lowering HbA1c 

(glycated haemoglobin)) reduces their risk of morbidity and mortality [7]. 

 

Patient education, promoting DM self-management and appropriate treatment optimisation 

form the basis of achieving glycaemic control. In the public health care sector in the Western 

Cape, DM self-management education is usually provided by health care workers during usual 

care consultations. A study showed these health care workers had poor practical knowledge 

on insulin administration [8].  Group education has been shown to be effective in improving 

glycaemic control [9, 10], including in a nurse-led African programme [11]. 

 

As β-cell function reduces over time in type 2 diabetes, it is necessary to appropriately adjust 

patients’ DM treatment to achieve glycaemic control [12], which leads to increases in medication 

dosages. South African guidelines advise a stepwise approach to medication therapy in type 

2 diabetic patients [13]: starting with oral and lifestyle modifications, and if glycaemic control is 

not achieved, then insulin is to be initiated and appropriately titrated. However, in SA, it is not 

uncommon for very poorly controlled patients to not have adjustments made to their treatment 

for years [14].  

 

To address inadequate glycaemic control, a service improvement project was piloted in a 

Khayelitsha primary health care facility, focussing on diabetic patients using insulin – including 

both type 1 and type 2 diabetes. The intervention entailed hour-long eight-week DM  group 

education sessions held at participants’ usual primary health care facility. In addition, 

participants received a glucose monitor at the first session and were advised at the 

subsequent sessions on their insulin dosage for the up-coming week. These insulin dosage 

adjustments were made by the health care practitioner, based on the participants average 
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home blood glucose readings from the previous week, according to an insulin titration 

algorithm.   

 

This study assessed this improvement project through reviewing patients’ folders using a 

quasi-experimental design: a pre-post assessment was used to compare glycaemic control of 

participants. The change in participants’ glycaemic control was also compared to a control 

group’s, a retrospective cohort study design. To assess improved care, changes in patients’ 

insulin dosage was assessed and the annual number of HbA1c tests done per patient were 

counted. 

 

Methods 
 

Study population 

The intervention was implemented at a municipality administered primary health care clinic in 

Khayelitsha, Cape Town. Those included were adult diabetic patients on insulin. Those 

prioritised were patients with worse glycaemic control, as they were considered at highest risk 

of complications; as well as patients with known diabetic complications, in whom tight 

glycaemic control was needed to slow disease progression.  

 

Between August 2013 and July 2015, 141 clinic patients attended at least two sessions of the 

intervention, participating in 18 groups (mean participants per group 8.4; range 4 to 11). 

Figure 1 describes the sampling and who was excluded, yielding the 78 included for analysis.  

 

To create the control group, 235 patients were identified as having ever been on insulin and 

attending the facility during the study period. They were identified using the municipality’s 

Patient Record and Health Management Information System (PREHMIS). From figure 1, only 

93 of these patients met the inclusion criteria for the study.  
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Figure 1: Sampling of intervention study participants and the comparison group 

 

 

 

 

 

141 Patients  
using insulin, 

aged between 18-70 years, 
who attended at least 2 sessions 

78 Patients included in the study 

Exclusions: 
 3: Folders not found 
 4: Did not attend the facility throughout the study period 
22: No HbA1c, or HbA1c not done in the correct time frame  
34: Patient not on insulin for 3 months at the initial HbA1c  
(2 Patients attended twice; only the first attendance will be assessed) 

235 Patients  
who ever received insulin 

who did not attend at least 2 sessions 

180 Folders reviewed  

Exclusions after the folder review: 
72: Started insulin after April 2015 
6: Timing of HbA1c and start of insulin did not meet inclusion criteria  
3: Did not attend the facility throughout the study period 
6: Folders not found 

93 Controls (for the comparison group) 
included in the study 

Exclusions: 
 7: Age >70 years 
48: No HbA1c done 04.2013 –04.2015, and/or no repeat 3-5 years later 

7 

3 

2 

66  76 Patients met the criteria to be included in the short-term pre/post assessment 

 66 Patients met the criteria to be included in the medium-term pre/post assessment 

 71 Patients met the criteria to be included in the comparison assessment 

 78 Intervention patients included in the study 
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Measurements 

Patients’ glycaemic control was assessed using HbA1c test results performed at their usual 

clinic visits. Consequently, the time frame of included HbA1c’s needed to be broad to ensure 

an adequate sample size (see table 1). However, the further in time the blood test was done 

from the intervention, the more likely other factors could contribute to the change in glycaemic 

control. Additionally, patients needed to be on insulin for at least three months at the time the 

HbA1c blood test was done. 

 

 

Table 1: Time frame of included HbA1c blood tests 
 

Name of HbA1c Time frame of included HbA1c Assessment design 

Pre-HbA1c 
HbA1c done 12 months before and up to 2 weeks 

after the start of the intervention * 

Pre-post design: 

short & medium term assessment 

Post-HbA1c 
HbA1c done 3 to 15 months after the start of the 

intervention * 

Pre-post design: 

short-term assessment 

3-Years-post-

HbA1c 

HbA1c done 3 to 5 years after the start of the 

intervention * 

Pre-post design: 

medium-term assessment 

1st HbA1c HbA1c done between April 2013 and April 2015 # 
Cohort study design 

Last HbA1c HbA1c done 3 to 5 years after the “first HbA1c” # 

 

* using the result closest to the start of the intervention, if there was more than one result 

# using the earliest result, if there was more than one result 

 

 

Data collection, management and analysis 

Data collection was performed by the author at the facility in April 2022 and entered directly 

into an Excel spreadsheet. The data was cleaned and a follow-up visit was done to resolve 

data queries. All data documents, as well as the key to a unique identifying code (assigned to 

each patient on the finalised data set, which had all identifiers removed) were saved in 

password-protected, encrypted files, accessible only to the researcher.  

 

The data was explored using Excel and analysed using Stata 13. Although there appeared to 

be some outliers in the analyses, all values for variables were included. Descriptive analyses 

were performed and comparisons, including confidence intervals, were made for the pre-post 

design. Bivariate analyses were performed using Pearson's correlation for normally distributed 

data and Spearman's correlation for non-normally distributed data. Multivariate analyses were 

performed when there were more than one significant variable per analysis, controlling for 

those variables. P-values of less than 0.05 were considered statistically significant. 
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To determine if the intervention and control groups were comparable, t-tests for independent 

samples were performed for numerical data and chi-squared tests for categorical data. The 

two groups were found to be different (described in the results section). To adjust for this, the 

two groups were stratified into five subgroups based on initial glycaemic control (HbA1c 

ranges of 5.0-7.9, 8.0-9.9, 10.0-11.9, 12.0-13.9 and 14.0-18.0). As variances of means did not 

differ, comparative analyses were run with t-tests by subgroup.  

 

The intervention was implemented in routine care. As this was fundamentally a folder-review 

audit, informed consent was not taken from study participants. Data management measures 

were put in place to protect confidentiality. The University of Cape Town’s Human Research 

Ethics Committee granted approval for the study (HREC ref. 498/2021). The City of Cape 

Town’s Health Department approved the folder review audit. 

 

Results 

The baseline characteristics of the 78 study participants and 93 control patients are found in 

table 2. The patients included were predominantly female, obese and had poor glycaemic 

control. Their mean age was 50 years.  
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Table 2: Baseline characteristics of study participants 
 

 Short-term 

assessment * 

Medium-term 

assessment * 

Comparison # 

Intervention Control P-value 

Number of patients 76 66 71 93  

Mean age (years) 
50.6 

(48-9-52.2) 

50.5 

(48.8-52.2) 

49.7 

(48.0-51.4) 

49.8 

(48.2-51.4) 
0.948 

Mean weight (kg) 
87.0 

(82.7-91.4) 

87.7 

(82.9-92.4) 

88.4 

(83.7-93.1) 

87.5 

(84.0-91.1) 
0.769 

Mean Body Mass Index (BMI) (kg/m²) 
33.9 

(32.3-35.5) 

34.0 

(32.3-35.7) 

34.3 

(32.6-36.0) 

33.7 

(32.2-35.1) 
0.558 

Median duration since DM diagnosis (years)  
7.0 

(5.7-8.5) 

7.4 

(5.7-9.0) 

6.7 

(5.2-8.3) 

4.2 

(2.8-5.8) 
0.006 

Median duration on insulin (years)  
2.4 

(2.0-3.2) 

2.4 

(1.9-3.2) 

1.8 

(1.3-3.0) 

1.0 

(0.8-1.3) 
0.695 

Median duration from 1st HbA1c until monitor 

given (days) 
- - 

(n=71) 

165 

(122-242) 

(n=42) ǂ 

542 

(351-784) 

<0.001 

Mean total daily insulin dosage (units) 
37.6 

(33.1-42.2) 

36.6 

(31.7-41.5) 

33.2 

(28.3-38.1) 

29.3 

(24.7-33.8) 
0.249 

Mean HbA1c result (%) 
12.61 

(12.12-13.20) 

12.57 

(12.05-13.09) 

12.16 

(11.66-12.66) 

9.75 

(9.30-10.20) 
<0.001 

Sex – female (%) † 82.9 83.3 84.5 66.7 0.010 

Comorbidities 

(%) 

Hypertension 94.7 95.5 95.8 92.5 0.381 

Dyslipidaemia 11.8 12.1 11.3 18.3 0.216 

Previous stroke 2.6 3.0 2.8 6.5 0.284 

Ischemic heart disease 2.6 3.0 2.8 2.2 0.784 

HIV 9.2 10.6 9.9 15.1 0.153 

Depression 4.0 4.6 4.2 4.3 0.981 

Diabetic 

complications 

(%) 

Any 65.8 65.2 66.2 47.3 0.016 

Retinopathy 32.9 33.3 32.4 16.1 0.014 

Cataracts 6.6 7.6 7.0 4.3 0.445 

Microalbuminuria 34.2 33.3 33.8 24.7 0.203 

Chronic kidney disease 22.4 21.2 21.1 17.2 0.525 

Amputation 1.3 1.5 1.4 1.1 0.847 

Erectile dysfunction 1.3 0.0 0.0 1.1 0.381 

Neuropathy 2.6 1.5 1.4 2.2 0.725 

Peripheral vascular disease 2.6 1.5 1.4 0.0 0.251 

Cardiac autonomic neuropathy 1.3 1.5 1.4 1.1 0.847 

Unemployed (%) 
55.6 

58 unknown 

64.3 

52 unknown 

64.3 

57 unknown 

56.7 

63 unknown 
0.632 

Patients known to have died (all-cause) (%)  

(based on folder review done in April 2022) 
5.3 6.1 5.6 4.3 0.695 

 

Table provides 95% Confidence Intervals in brackets.  

* Baseline data taken at the time of the first intervention session  

# Baseline data taken at the time of the 1st HbA1c date 

† PREHMIS data shows that between 2013 – 2016: 67% of diabetic patients attending the clinic were female 

ǂ 51 of 93 control patients (55%) did not receive a glucose monitor during the study period 
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Short-term pre-post assessment – change in HbA1c 

The mean HbA1c of the 76 intervention participants assessed in the short-term pre-post 

analysis improved by 2.12%, from 12.61% (95%CI [12.12%, 13.10%])  before the intervention 

to 10.49% (95% CI [9.96%, 11.02%])  afterwards. The follow-up HbA1c was done after a 

median duration of 6.1 months from the start of the intervention and the median number of 

education sessions attended by these participants was 6.5.  

 

Over three quarters (59/76 (78%)) of participants had some improvement in glycaemic control. 

The number of patients with HbA1c<8% increased significantly from two (2.6%) to ten (7.6%) 

(p=0.031), and the number of patients with HbA1c<10% significantly increased from 11 

(14.5%) to 34 (44.7%) (p=0.007) after the intervention.   

 

Glycaemic control improved more in patients who were initially poorly controlled  

(r=-0.58,p<0.001). Patients whose HbA1c improved by ≥1% (n=50) had a mean initial HbA1c 

of 13.21% (95%CI [12.64%, 13.77%]), compared to 11.45% (95%CI [10.64%, 12.26%]) 

 in the other patients (n=26). Glycaemic control also improved more in patients who attended 

more education sessions (rs=-0.3210,p<0.005); although this correlation was not significant in 

the multivariate analysis that controlled for initial glycaemic control. However, change in 

glycaemic control was not significantly associated with BMI, age or duration on insulin prior to 

the intervention. 

 

To minimise the effect of unmeasured confounders, the time frame for the HbA1c results 

included was restricted, reducing pre-HbA1c results to within three months of the intervention, 

and post-HbA1c results to three to six months after the intervention. Only 30 patients met the 

criteria, and their mean HbA1c improved by 2.41%, from 12.24% (95%CI [11.46%, 13.03%]) 

to 9.83% (95%CI [9.16%, 10.50%]). This is a larger (but not statistically significant) 

improvement when compared to the 2.12% improvement of the full analysis. 

 

Short-term pre-post assessment – change in insulin dosage 

The mean total daily insulin dosage for participants was almost doubled in the short-term 

analysis, increasing from 37.6 units (95%CI [33.1, 42.2]) to 70.9 units (95%CI [63.1, 78.7]) per 

patient. Total daily insulin dosage was increased more in patients who attended more sessions 

(rs=0.5960, p>0.001), who had higher BMIs (r=0.4107, p<0.001) and who were on lower insulin 

dosages prior to the intervention (rs=-0.2701, p=0.018). Increases in total daily insulin dosage 

also correlated with shorter duration on insulin in bivariate analysis (rs= -0.2758, p=0.016), but 

not in the multivariate analysis, controlling for attendance, BMI and initial insulin dosage. 
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However, change in insulin was not significantly correlated with age and change in Hba1c in 

the short term. 

 

Medium-term pre-post design – change in HbA1c 

Among the 66 intervention participants who met the criteria to be included in the 3-5 year pre-

post analysis, the mean HbA1c decreased by 2.03% in the short term, from 12.57% (95%CI 

[12.05%, 13.09%]) to 10.54% (95%CI [9.96%, 11.11%]). It decreased by a further 0.43% 3-5 

years after the intervention, to a mean HbA1c of 10.10% (95%CI [9.58%, 10.63%]). This 

HbA1c was done after a median duration of 3.2 years from the start of the intervention. Overall 

the change in HbA1c from the intervention in the short term was maintained over the medium 

term (rs= 0.3922, p<0.001) (see figure 2). 

 

  
Figure 2: HbA1c results of 66 participants before, after and 3-to-5-years-after the intervention 

 

Among the 66 participants, glycaemic control in the medium term improved more in the initially 

poorly controlled patients (r=0.5668, p<0.001). Also, patients whose glycaemic control 

improved were more likely to gain weight (r=-0.3418, p=0.005); although controlling for 

glycaemic control categories prior to the intervention in a multivariate analysis, this correlation 

was no longer significant. Improvement in HbA1c in the medium-term was not significantly 

correlated with age, BMI, sex or duration on insulin or number of sessions attended. 
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Medium-term pre-post design – change in insulin dosage 

The mean total daily insulin dosage per patient increased by 34.9 units in the short term, from 

36.6 units (95%CI [31.7, 41.5]) to 71.4 units (95%CI [62.7, 80.2]). It increased by just 0.6 units 

thereafter (in the medium term), to 72.1 units (95%CI [63.6, 80.6]). 

 

The change in total daily insulin dosage overall was maintained over time (rs=0.6193, 

p<0.001); the change in insulin dosage in the short term correlates with the change in the 

medium term.  

 

The total daily insulin dosage was increased more in patients who had higher BMI (rs=0.4851, 

p<0.001). It was also increased more in patients who were on lower insulin dosages prior to 

the intervention (rs=0.4019, p<0.001), who attended more sessions (rs=0.2749, p=0.026) and 

who were on insulin for a shorter period prior to the intervention (r=-0.2845, p=0.021). 

However, only the correlation with BMI was found to be significant in a multivariate analysis 

when controlling for the other three named variables. 

 

Insulin dosages were also increased more in females compared to males (t(64)=2.48, 

p=0.016). However, this is likely due to the small number of males (11 versus 55) and males 

having significantly lower BMIs than females (28.1kg/m² versus 35.1kg/m²) (t(63)=3.15, 

p=0.003). A multivariate analysis confirmed that sex was no longer significantly correlated with 

increasing insulin dosage when controlling for BMI. Change in total daily insulin dosage in the 

medium term was not significantly correlated to age, initial HbA1c or change in HbA1c in the 

short term. 

 

 

Comparison between intervention and control group 

 

In 2012, only 6.7% (11/164) of all patients had an HbA1c done. This included patients from 

both the intervention and control groups. This increased to 75.6% in 2013 and continued to 

increase until 2017, when 92.7% of patients had at least one HbA1c done, and the mean 

number of tests per patient was 2.0 per annum. 

 

Table 2 demonstrates that the baseline characteristics of the intervention and control groups 

are significantly different with regards to health and demographic variables, for example the 

intervention group had a higher proportion of females. The intervention group also had poorer 

glycaemic control and a higher prevalence of all-diabetic-complications and retinopathy, which 

relates directly to the selection process – patients with poor glycaemic control and 
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complications were prioritised for the intervention. Other significant difference relate directly 

to the intervention: all intervention patients received a glucose monitor compared to 45% of 

the control group, and the intervention group received their monitors earlier during the study 

period. 

 

Consequently, the significantly larger reduction in HbA1c between the intervention group (-

2.06%) and control group (0.04%) may be due to comparisons made between two significantly 

different groups. 

 

The pre-post analysis of only intervention patients (described above) demonstrates that 

patients with higher HbA1c’s tended to improve more than patients with lower HbA1c’s. This 

correlation was also found when only analysing the control group (r= -0.5991, p<0.001), 

including controlling for glucose monitor acquisition. Therefore, the larger improvement in the 

intervention group relates to this group having significantly worse initial glycaemic control. 

 

Stratifying the control and intervention groups into five strata, based on initial HbA1c result 

ranges, made the groups more comparable. As can be seen in table 3, there was no significant 

difference in change in HbA1c in the control or intervention groups. For most strata, the 

change in insulin dosage and change in weight were no different in the intervention and control 

groups. The exceptions were the intervention group’s daily insulin dosage increasing more in 

the 8.0-9.9 sub-group, and their weight increasing more in the 14.0-18.0 subgroup. 
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Table 3: Changes in HbA1c, insulin and weight of the control and intervention groups by  initial 

HbA1c strata 
 

Variable 

HbA1c 

subgroups 
Intervention Control p-value 

First HbA1c Obs Mean Variance 95% CI Obs Mean Variance 95% CI  

Change 

in HbA1c  

5.0-18.0 (All) 71 -2.06 6.75 -2.673 -1.443 93 0.04 5.30 -0.432 0.516  

5.0-7.9 0 - - - - 20 1.61 3.21 0.772 2.448 - 

8.0-9.9 * 13 0.55 5.14 -0.824 1.916 37 0.54 3.47 -0.078 1.165 0.996 

10.0-11.9 20 -1.30 3.78 -2.205 -0.385 21 -0.52 2.98 -1.309 0.262 0.186 

12.0-13.9 † 22 -2.87 3.73 -3.724 -2.012 11 -2.55 5.03 -4.052 -1.039 0.671 

14.0-18.0 16 -4.01 5.71 -5.286 -2.739 4 -2.35 10.10 -7.406 2.706 0.257 

Change 

in insulin  

5.0-18.0 (All) 71 37.52 1559.54 28.174 46.869 93 25.32 1028.05 18.719 31.926  

5.0-7.9 0 - - - - 20 16.4 406.57 6.963 25.837 - 

8.0-9.9 * 13 46.54 414.44 34.236 58.841 37 27.05 553.39 19.211 34.897 0.011   

10.0-11.9 20 33.85 1635.92 14.920 52.780 21 29.33 2503.33 6.558 52.108 0.753 

12.0-13.9 † 22 32.77 1682.18 14.588 50.958 11 29.27 747.42 10.906 47.639 0.800 

14.0-18.0 16 41.31 2382.23 15.305 67.321 4 22 2378.67 -55.607 99.607 0.488 

Change 

in weight  

5.0-18.0 (All) 70 4.46 42.05 2.912 6.005 91 1.51 43.63 0.139 2.890  

5.0-7.9 0 - - - - 20 -1.34 42.69 -4.393 1.723 - 

8.0-9.9 * 13 -0.39 34.37 -3.935 3.150 36 1.72 31.48 -0.177 3.620 0.256 

10.0-11.9 20 4.06 31.71 1.424 6.696 20 1.13 26.97 -1.300 3.560 0.095 

12.0-13.9 † 22 3.69 38.91 0.921 6.452 11 7.95 66.07 2.485 13.406 0.105 

14.0-18.0  15 10.33 16.46 8.080 12.574 4  -1.88 57.62 -13.954 10.204 0.0004 

 

* Hba1c range 8.0-9.9: the intervention group had significantly worse initial glycaemic control compared to the control group.  

† HbA1c range 12.0-13.9: the intervention group had significantly more patients with chronic kidney disease compared to the 

control group; and the groups are different when looking at the duration from 1st and last test. 

 

 

Discussion 

The majority of households in SA (71.5%) use public sector health facilities [15], particularly 

those living in low-income densely populated peri-urban settlements. Glycaemic control in 

diabetic patients attending such facilities is mostly poor. It is in this context that a group-

education and insulin dosage adjustment intervention was designed and implemented by a 

local clinician in 2013-2105. This study sought to determine the effects of this intervention on 

glycaemic control in the short term, as well review the effect it had after a three-to-five-year 

period. 

 

The intervention was well attended, with 63% of patients having attended five or more of the 

eight sessions. Receiving a glucose monitor at the first session, text message reminders the 

day before sessions, the dispensing of just enough glucose monitoring tests strips to last for 

one week and the timing of the sessions at 7h30 in the morning, which allowed patients to go 

to work, contributed to the good attendance. This indicates that the intervention was well 

accepted and is suitable for the setting. Nonetheless, there were space constraints and 

language barriers: a small consultation room was used for the group sessions and busy nurses 

needed to assist with translation. 
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More females attended the intervention – 85% compared to 67% of all diabetic clinic attenders. 

The reason for this was not ascertained and may be because males generally have poorer 

health seeking behaviours [16]. 

 

Encouragingly, DM group education coupled with insulin dosage adjustment had a significant 

beneficial effect on patients’ glycaemic control in the short term, particularly for very poorly 

controlled patients. These effects were maintained over a three-year period. However, when 

intervention participants were compared to control patients after three years, both groups had 

similar improvements in glycaemic control. Indeed, the control patients’ clinical care also 

improved over time. 

 

One is unable to assess the impact the group education component had compared to the 

insulin dosage adjustment component. Their combined effect resulted in a 2% reduction in 

mean HbA1c. Other SA studies identified looking at these individual components showed a 

1.9% reduction mean HbA1c (from a baseline mean of 10.69%) for a hospital based insulin 

adjustment study [17] , and a 1.1% reduction (from a baseline mean of 12.1%) for an intensified 

clinical care study which included a group education component  [18]. 

 

Prior to 2013, most diabetic patients at the facility had never had an HbA1c blood test done, 

despite the national guidelines at that time [19] recommending at least annual HbA1c blood 

tests in diabetic patients and the facility having had access to this test. DM management 

without the use of HbA1c blood tests has been shown to be associated with poor glycaemic 

control [20, 21]. The proportion of diabetic patients in the study population (intervention and 

control groups) who had an HbA1c test done increased steadily over the study period – from 

7.0% & 6.5% in 2012, to 90.1% & 83.9% in 2014. Consequently, most patients’ glycaemic 

control was assessed, allowing appropriate action to be taken to improve patients’ control, 

which benefited all patients attending the facility.  

 

The increase in the number of HbA1c blood tests coincided with the employment of a trained 

clinician, who championed the importance of this test. Most diabetic patients attending the 

facility during the study period consulted the clinician, including both intervention and control 

group patients. In addition, glucose monitors for patients using insulin were introduced for both 

intervention and control patients over the study period. Home glucose monitoring for patients 

using insulin was recommended by the national guidelines [19], and has been shown to be an 

important tool for DM management [26]. Access to these devices required clinic staff to be 
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proactive to contact the manufacturers for delivery. Almost half (45%) of control patients 

received blood glucose monitors during the study period. 

 

The study showed significant increases in insulin dosages for poorly controlled patients, in 

both intervention and control groups. Insulin dosages were increased more in patients who 

had higher BMIs as they are known to have more insulin resistance [23]. Insulin dosage 

increases are due to the improved HbA1c monitoring and home glucose monitoring introduced 

over the study period. This allowed clinicians to make appropriate insulin adjustments.  

 

In the intervention group, the insulin dosage doubled in the short term, suggesting that 

treatment was insufficiently titrated at prior routine care visits. These high insulin increases 

were required despite the second education session focussing on diet advice. The aim of 

teaching about diet early in the intervention was to ensure insulin adjustments were made 

when patients were following a healthy diet.  

 

Limitations 

The intervention was not designed to ascertain its impact. Rather this was a real world study, 

using routinely collected data [24]. Sampling was not randomised and meant the control group 

was not comparable. The study was limited by confounders such as the implementation of 

improved diabetic care implemented over the study period. While it is heartening to find that 

home monitoring and glycaemic monitoring improved diabetic control, it is unclear how this 

intervention would fare in settings where these factors were already in place. The study also 

did not assess the impact the educational component compared to the impact of insulin 

adjustments. Additionally, the sample sizes for multivariate analyses may have been too small 

to detect differences when they exist. The acceptability of the intervention was not formally 

assessed, which may limit future implementation of the program. 

 

Further research 

In the years following the intervention, the City of Cape Town introduced a quality improvement 

DM audit (in 2018), HbA1c blood tests have generally become an accepted part of routine 

care in practice. Since 2017, glucose monitors were made available to patients from all 

facilities’ pharmacies. Consequently, the standard of DM care has improved. A repeat study 

of a revised intervention in the current setting, to ascertain if glycaemic control could be further 

improved, is recommended. This would ideally be a randomised control trial, to avoid some of 

the limitation of this study, and it could be designed with various treatment arms to be able to 

differentiate between the impact of the educational component of the intervention versus the 
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insulin adjustment component.  Targeting very poorly controlled diabetic patients would again 

be advised, as these patients improved the most. 

 

Incentives to enrol in such a study need to be considered as home glucose monitors are more 

easily available to diabetic patients. Consideration of providing group education sessions at 

patient’s routine health care visits, incorporating telemedicine to regularly adjust patients’ 

insulin dosage [25] and training clinicians on the insulin titration algorithms [25] could be 

considered.  

 

Conclusion 

This study showed that DM group education coupled with practitioner-directed insulin dosage 

adjustments, at a public primary health facility in a SA low-income setting, lead to significant 

improvements in patients’ glycaemic control, particularly for very poorly controlled diabetic 

patients. The assessment three years after the intervention showed the improvements were 

maintained. These findings are noteworthy as most diabetic patients attending public health 

facilities are poorly controlled and strategies to improve this are needed. These would reduce 

the number DM complications, improve quality of life of patients.  

 

In the SA context, this study is important due to the high and increasing prevalence of DM. 

From an economic point of view, interventions, which aim to prevent complications, are 

recommended as the treatment of complications is very expensive [27]. The focus of the study 

was on a low-income setting, which is an important to address health inequalities in SA and 

improve health outcomes for poor communities. 

 

The intervention did not show superior improvement in glycaemic control when compared to 

a control group. This is due to improvements in clinical care provided at the study facility during 

the study period, a limitation of a real world study. Further formal research could assess the 

effectiveness of the intervention in a setting of improved clinical care. 

 

The intervention resulted in a mean 2% improvement in participants’ HbA1c and showed 

success in attendance of the group education sessions. This suggests this type of intervention 

is acceptable and has the potential of improving DM care at more facilities across Cape Town, 

and in similar settings globally, particularly in poorer areas.  
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Part C: Appendices 
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Appendix B: Data capture instrument 
 

Data collection was performed in April 2022. It was entered directly into an Excel spreadsheet 

with the following column headings: 

 

Folder number Number of HbA1c done in 2012 

Name Number of HbA1c done in 2013 

Date of birth Number of HbA1c done in 2014 

Date of death Number of HbA1c done in 2015 

Sex Number of HbA1c done in 2016 

Employment Number of HbA1c done in 2017 

Date of 1st education session Number of HbA1c done in 2018 

Number of education sessions attended Number of HbA1c done in 2019 

Pre-HbA1c date Number of HbA1c done in 2020 

Pre-HbA1c result Date of diabetes diagnosis 

Pre-HbA1c AM insulin dosage Date diabetes treatment started at MG 

Pre-HbA1c PM insulin dosage Date Basal insulin start 

Post-HbA1c date Date Biphasic / BB insulin start 

Post-HbA1c  result Date glucose monitor given 

Post-HbA1c AM insulin dosage Co-morbidities  

Post-HbA1c PM insulin dosage Hypertension 

3-years-post-HbA1c date Dyslipidaemia 

3-years-post-HbA1c result HIV 

3-years-post-HbA1c AM insulin dosage IHD 

3-years-post-HbA1c PM insulin dosage Previous CVA 

First HbA1c date Other 

First HbA1c result Known diabetic complications 

First HbA1c AM insulin dosage Retinopathy 

First HbA1c PM insulin dosage Cataracts 

First HbA1c weight Microalbuminuria 

First HbA1c height Chronic kidney disease 

Last HbA1c date Amputation (leg or toe) 

Last HbA1c result Erectile dysfunction 

Last HbA1c AM insulin dosage Congestive Cardiac Failure 

Last HbA1c PM insulin dosage Other 

Last HbA1c Weight at Attended throughout study period 



 

60 
 

Appendix C: Additional tables and figures 

 

Tables and figures that could not be included in the article for reasons of space limitation. 

 

 

 

 

Table A: Summary of the findings of the pre-post assessments 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Short-term 

assessment 

(95% CI) 

Medium-term 

assessment 

(95% CI) 

Number of patients 76 66 

Median number of sessions attended 
6.5 

(6.0-7.0) 

6.5 

(6.0-7.5) 

Mean Pre-HbA1c 
12.61  

(12.12-13.10) 

12.57  

(12.1-13.1) 

Mean Post-HbA1c 
10.49  

(9.96-11.02) 

10.54  

(9.96-11.11) 

Mean 3-Years-post-HbA1c - 
10.10  

(9.58-10.63) 

Median duration from Pre-HbA1c to first session (months) 
2.2 

(1.8-3.0) 

2.1 

(1.8-2.9) 

Median duration from first session to Post HbA1c (months) 
6.1 

(5.4-6.7) 

6.1 

(5.4-6.8) 

Median duration from  first session to 3-Year-post HbA1c (years) - 
3.15 

(3.11-3.24) 

Mean total daily insulin dosage at Pre-HbA1c (units) 
37.6  

(33.1-42.2) 

36.58  

(31.7-41.5) 

Mean total daily insulin dosage at Post-HbA1c (units) 
70.88  

(63.1-78.7) 

71.44  

(62.7-80.2) 

Mean total daily insulin dosage at 3-Years-post-HbA1c (units) - 
72.08  

(63.6-80.6) 
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Figure A shows the change in HbA1c of 76 intervention participations in the short-term pre-

post assessment. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A: Comparing HbA1c results of 76 intervention participants before and after the 

intervention 
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Among the 66 participants included in the medium-term pre-post assessment, patients who 

had the largest improvements in HbA1c with the intervention (in the short term), tended to not 

improve after the intervention or even deteriorate. Conversely, participants who initially did not 

improve or deteriorated, tended to improve after the intervention (rs= -0.4124, p<0.001) (see 

figure B). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure B: Box plot showing HbA1c results before, after and 3-to-5-years-after the intervention, 

according to the degree of change in HbA1c in the short term 

 

 

This may indicated that patients, who made changes to their lifestyle during the intervention, 

contributing to their improved glycaemic control, were not able to maintain these.  

Patients who did not improve during the intervention perhaps just needed more time; 

continued care provided during routine visits after the intervention resulted in improvements. 
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The boxes indicates the 25-75th percentiles, with the midline showing the median.  

The whiskers extend to the minimum and maximum values, with outliers being represented with dots. 
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The number of HbA1cs done annually was counted from 2012 to 2020. Figure C shows that 

the number of tests done increased in both intervention and control groups – indicating the 

standard of routine care improved in both groups.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure C: Proportion of patients who had HbA1c blood tests done annually - in the control and 

intervention group - from 2012 to 2020 
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GUIDE FOR AUTHORS
.

Article Types
1. Editorials are either written or commissioned by the Editors and should not exceed 1000 words
(not including a maximum of 20 references; one small figure can be included).
2. Commentaries (1000 words not including a maximum of 20 references and one small figure)
offer a stimulating, journalistic and accessible insight into issues of common interest. They are
usually commissioned by the Editors but unsolicited articles will be considered. Debates comprise
two commentaries of opposing or contrasting opinion written by two different groups of authors.
Controversial opinions are welcomed as long as they are set in the context of the generally accepted
view.
3. Discussions offer a concise, accessible perspective (600 words or fewer plus a maximum of five
references; no figure) on a key research paper, usually published in the same or preceding issue of
Primary Care Diabetes, providing context for new findings.
4. Original Research Papers should be a maximum of 3000 words (not including up to 50 references
and an abstract of up to 200 words structured according to Aims, Methods, Results, Conclusions and
Keywords) with no more than five tables or illustrations. Papers should cover research or any other
topics relevant to common diabetes conditions, chiefly clinical research with relevance to primary
care and research in implementation of evidence-based guidelines. Copies of questionnaires used in
the research should also be included. The text should be divided into sections headed Introduction,
Methods, Results and Discussion. The Discussion should address the following issues:
a) Difficulties encountered during this study;
b) Alternative methodologies that would have been helpful in answering the research question;
c) New questions arising from the study;
d) Changes in your clinical practice as a result of the study.

5. Brief Reports should not exceed 1000 words, including a summary of no more than 50 words (but
not including up to 20 references) and may be a preliminary report of work completed, a final report
or an observation not requiring a lengthy write-up. A Brief Report may also be written in relation to
a recent conference.

6. Review articles should be a maximum of 3000 words, including a summary of no more than
100 words (not including up to 75 references) with subheadings in the text to highlight the content
of different sections. Reviews are usually commissioned by the Editors but unsolicited articles will
be considered.

7. Letters to the Editor should be no more than 400 words with a maximum of five references and
one illustration or table.

All manuscripts should be submitted via https://www.editorialmanager.com/pcd

Submission checklist
You can use this list to carry out a final check of your submission before you send it to the journal for
review. Please check the relevant section in this Guide for Authors for more details.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
• E-mail address
• Full postal address

All necessary files have been uploaded:
Manuscript:
• Include keywords
• All figures (include relevant captions)
• All tables (including titles, description, footnotes)
• Ensure all figure and table citations in the text match the files provided
• Indicate clearly if color should be used for any figures in print
Graphical Abstracts / Highlights files (where applicable)
Supplemental files (where applicable)
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Further considerations
• Manuscript has been 'spell checked' and 'grammar checked'
• All references mentioned in the Reference List are cited in the text, and vice versa
• Permission has been obtained for use of copyrighted material from other sources (including the
Internet)
• A competing interests statement is provided, even if the authors have no competing interests to
declare
• Journal policies detailed in this guide have been reviewed
• Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

BEFORE YOU BEGIN
Ethics in publishing
Please see our information on Ethics in publishing.

Studies in humans and animals
If the work involves the use of human subjects, the author should ensure that the work described
has been carried out in accordance with The Code of Ethics of the World Medical Association
(Declaration of Helsinki) for experiments involving humans. The manuscript should be in line with the
Recommendations for the Conduct, Reporting, Editing and Publication of Scholarly Work in Medical
Journals and aim for the inclusion of representative human populations (sex, age and ethnicity) as
per those recommendations. The terms sex and gender should be used correctly.

Authors should include a statement in the manuscript that informed consent was obtained for
experimentation with human subjects. The privacy rights of human subjects must always be observed.

All animal experiments should comply with the ARRIVE guidelines and should be carried out in
accordance with the U.K. Animals (Scientific Procedures) Act, 1986 and associated guidelines, EU
Directive 2010/63/EU for animal experiments, or the National Research Council's Guide for the Care
and Use of Laboratory Animals and the authors should clearly indicate in the manuscript that such
guidelines have been followed. The sex of animals must be indicated, and where appropriate, the
influence (or association) of sex on the results of the study.

Informed consent and patient details
Studies on patients or volunteers require ethics committee approval and informed consent, which
should be documented in the paper. Appropriate consents, permissions and releases must be obtained
where an author wishes to include case details or other personal information or images of patients
and any other individuals in an Elsevier publication. Written consents must be retained by the author
but copies should not be provided to the journal. Only if specifically requested by the journal in
exceptional circumstances (for example if a legal issue arises) the author must provide copies of the
consents or evidence that such consents have been obtained. For more information, please review the
Elsevier Policy on the Use of Images or Personal Information of Patients or other Individuals. Unless
you have written permission from the patient (or, where applicable, the next of kin), the personal
details of any patient included in any part of the article and in any supplementary materials (including
all illustrations and videos) must be removed before submission.

Declaration of interest
All authors must disclose any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work. Examples of potential competing interests
include employment, consultancies, stock ownership, honoraria, paid expert testimony, patent
applications/registrations, and grants or other funding. Authors must disclose any interests in two
places: 1. A summary declaration of interest statement in the title page file (if double anonymized) or
the manuscript file (if single anonymized). If there are no interests to declare then please state this:
'Declarations of interest: none'. 2. Detailed disclosures as part of a separate Declaration of Interest
form, which forms part of the journal's official records. It is important for potential interests to be
declared in both places and that the information matches. More information.

Submissions
Submission of an article implies that the work described has not been published previously (except
in the form of an abstract or as part of a published lecture or academic thesis), that it is not under
consideration for publication elsewhere, that its publication is approved by all authors and tacitly or
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explicitly by the responsible authorities where the work was carried out, and that, if accepted, it
will not be published elsewhere in the same form, in English or in any other language, without the
written consent of the Publisher. In a covering message, please identify the person responsible for
editorial correspondence (address, telephone and fax numbers and e-mail address). The covering
message must be signed by the corresponding author on behalf of all authors. Also include details
of any previous submission. It is also useful to give any information to the Editor-in-Chief to support
the submission (e.g. original or confirmatory data, relevance, topicality) or whether any text, figures
or tables can be omitted. Authors should suggest up to five reviewers. These suggestions may not
always be used

Use of inclusive language
Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences,
and promotes equal opportunities. Content should make no assumptions about the beliefs or
commitments of any reader; contain nothing which might imply that one individual is superior to
another on the grounds of age, gender, race, ethnicity, culture, sexual orientation, disability or health
condition; and use inclusive language throughout. Authors should ensure that writing is free from bias,
stereotypes, slang, reference to dominant culture and/or cultural assumptions. We advise to seek
gender neutrality by using plural nouns ("clinicians, patients/clients") as default/wherever possible
to avoid using "he, she," or "he/she." We recommend avoiding the use of descriptors that refer
to personal attributes such as age, gender, race, ethnicity, culture, sexual orientation, disability or
health condition unless they are relevant and valid. When coding terminology is used, we recommend
to avoid offensive or exclusionary terms such as "master", "slave", "blacklist" and "whitelist". We
suggest using alternatives that are more appropriate and (self-) explanatory such as "primary",
"secondary", "blocklist" and "allowlist". These guidelines are meant as a point of reference to help
identify appropriate language but are by no means exhaustive or definitive.

Changes to authorship
Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request such
a change, the Editor must receive the following from the corresponding author: (a) the reason
for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they
agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed.
Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.

Ethics
For clinical trials, details of ethical committee approval and the type of informed consent should be
stated. Patients' and volunteers' names, initials, and hospital numbers should not be used.

Article transfer service
This journal is part of our Article Transfer Service. This means that if the Editor feels your article is
more suitable in one of our other participating journals, then you may be asked to consider transferring
the article to one of those. If you agree, your article will be transferred automatically on your behalf
with no need to reformat. Please note that your article will be reviewed again by the new journal.
More information.

Copyright
Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (see
more information on this). An e-mail will be sent to the corresponding author confirming receipt of
the manuscript together with a 'Journal Publishing Agreement' form or a link to the online version
of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.
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For gold open access articles: Upon acceptance of an article, authors will be asked to complete a
'License Agreement' (more information). Permitted third party reuse of gold open access articles is
determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

Role of the funding source
You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement, it is recommended
to state this.

Open access
Please visit our Open Access page for more information.

Language (usage and editing services)
Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's Author Services.

Submission
Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

Submit your article
Please submit your article via https://www.editorialmanager.com/pcd.

Authors should suggest up to five reviewers. These suggestions may not always be used.

PREPARATION
Queries
For questions about the editorial process (including the status of manuscripts under review) or for
technical support on submissions, please visit our Support Center.

Peer review
This journal operates a single anonymized review process. All contributions will be initially assessed by
the editor for suitability for the journal. Papers deemed suitable are then typically sent to a minimum of
two independent expert reviewers to assess the scientific quality of the paper. The Editor is responsible
for the final decision regarding acceptance or rejection of articles. The Editor's decision is final. Editors
are not involved in decisions about papers which they have written themselves or have been written
by family members or colleagues or which relate to products or services in which the editor has an
interest. Any such submission is subject to all of the journal's usual procedures, with peer review
handled independently of the relevant editor and their research groups. More information on types
of peer review.

Use of word processing software
It is important that the file be saved in the native format of the word processor used. The text
should be in single-column format. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. In particular, do not use the word
processor's options to justify text or to hyphenate words. However, do use bold face, italics, subscripts,
superscripts etc. When preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns.
The electronic text should be prepared in a way very similar to that of conventional manuscripts (see
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also the Guide to Publishing with Elsevier). Note that source files of figures, tables and text graphics
will be required whether or not you embed your figures in the text. See also the section on Electronic
artwork.
To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check'
functions of your word processor.

Original Research Papers
should be a maximum of 3000 words (not including up to 50 references and an abstract of up
to 200 words structured according to Aims, Methods, Results, Conclusions and Keywords) with no
more than five tables or illustrations. Papers should cover research or any other topics relevant to
common diabetes conditions, chiefly clinical research with relevance to primary care and research in
implementation of evidence-based guidelines. Copies of questionnaires used in the research should
also be included. The text should be divided into sections headed Introduction, Methods, Results and
Discussion. The Discussion should address the following issues:
a) Difficulties encountered during this study;
b) Alternative methodologies that would have been helpful in answering the research question;
c) New questions arising from the study;
d) Changes in your clinical practice as a result of the study.

5. Brief Reports should not exceed 1000 words, including a summary of no more than 50 words (but
not including up to 20 references) and may be a preliminary report of work completed, a final report
or an observation not requiring a lengthy write-up. A Brief Report may also be written in relation to
a recent conference.

6.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods
Provide sufficient details to allow the work to be reproduced by an independent researcher. Methods
that are already published should be summarized, and indicated by a reference. If quoting directly
from a previously published method, use quotation marks and also cite the source. Any modifications
to existing methods should also be described.

Theory/calculation
A Theory section should extend, not repeat, the background to the article already dealt with in the
Introduction and lay the foundation for further work. In contrast, a Calculation section represents a
practical development from a theoretical basis.

Results
Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

Appendices
If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

Essential title page information
• Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.
• Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. You can add your name between
parentheses in your own script behind the English transliteration. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
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case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author.
• Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. This responsibility includes answering any future queries about
Methodology and Materials. Ensure that the e-mail address is given and that contact details
are kept up to date by the corresponding author.
• Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

Highlights
Highlights are mandatory for this journal as they help increase the discoverability of your article via
search engines. They consist of a short collection of bullet points that capture the novel results of
your research as well as new methods that were used during the study (if any). Please have a look
at the examples here: example Highlights.

Highlights should be submitted in a separate editable file in the online submission system. Please
use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters, including
spaces, per bullet point).

Abstract
A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself.

Graphical abstract
Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online
article. The graphical abstract should summarize the contents of the article in a concise, pictorial form
designed to capture the attention of a wide readership. Graphical abstracts should be submitted as a
separate file in the online submission system. Image size: Please provide an image with a minimum
of 531 × 1328 pixels (h × w) or proportionally more. The image should be readable at a size of 5 ×
13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office
files. You can view Example Graphical Abstracts on our information site.

Abbreviations
Define abbreviations that are not standard in this field in a footnote to be placed on the first page
of the article. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Acknowledgements
Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy];
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, it is recommended to include the following sentence:
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This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Units
Follow internationally accepted rules and conventions: use the international system of units (SI). If
other units are mentioned, please give their equivalent in SI.

Math formulae
Please submit math equations as editable text and not as images. Present simple formulae in
line with normal text where possible and use the solidus (/) instead of a horizontal line for small
fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often
more conveniently denoted by exp. Number consecutively any equations that have to be displayed
separately from the text (if referred to explicitly in the text).

Footnotes
Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors can build footnotes into the text, and this feature may be used. Otherwise, please indicate
the position of footnotes in the text and list the footnotes themselves separately at the end of the
article. Do not include footnotes in the Reference list.

Artwork
Electronic artwork
General points
• Make sure you use uniform lettering and sizing of your original artwork.
• Embed the used fonts if the application provides that option.
• Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or
use fonts that look similar.
• Number the illustrations according to their sequence in the text.
• Use a logical naming convention for your artwork files.
• Provide captions to illustrations separately.
• Size the illustrations close to the desired dimensions of the published version.
• Submit each illustration as a separate file.
• Ensure that color images are accessible to all, including those with impaired color vision.

A detailed guide on electronic artwork is available.
You are urged to visit this site; some excerpts from the detailed information are given here.
Formats
If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply 'as is' in the native document format.
Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please 'Save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):
EPS (or PDF): Vector drawings, embed all used fonts.
TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.
TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of
500 dpi.
Please do not:
• Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors;
• Supply files that are too low in resolution;
• Submit graphics that are disproportionately large for the content.

Color artwork
Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of
electronic artwork.
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Figure captions
Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (not on the figure itself) and a description of the illustration. Keep
text in the illustrations themselves to a minimum but explain all symbols and abbreviations used.

Tables
Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

References
Citation in text
Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

Reference links
Increased discoverability of research and high quality peer review are ensured by online links to the
sources cited. In order to allow us to create links to abstracting and indexing services, such as Scopus,
Crossref and PubMed, please ensure that data provided in the references are correct. Please note that
incorrect surnames, journal/book titles, publication year and pagination may prevent link creation.
When copying references, please be careful as they may already contain errors. Use of the DOI is
highly encouraged.

A DOI is guaranteed never to change, so you can use it as a permanent link to any electronic article.
An example of a citation using DOI for an article not yet in an issue is: VanDecar J.C., Russo R.M.,
James D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of the Lesser Antilles slab beneath
northeastern Venezuela. Journal of Geophysical Research, https://doi.org/10.1029/2001JB000884.
Please note the format of such citations should be in the same style as all other references in the paper.

Web references
As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

Data references
This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

Preprint references
Where a preprint has subsequently become available as a peer-reviewed publication, the formal
publication should be used as the reference. If there are preprints that are central to your work or that
cover crucial developments in the topic, but are not yet formally published, these may be referenced.
Preprints should be clearly marked as such, for example by including the word preprint, or the name
of the preprint server, as part of the reference. The preprint DOI should also be provided.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference management software
Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley. Using citation plug-ins from these products, authors only need to select
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the appropriate journal template when preparing their article, after which citations and bibliographies
will be automatically formatted in the journal's style. If no template is yet available for this journal,
please follow the format of the sample references and citations as shown in this Guide. If you use
reference management software, please ensure that you remove all field codes before submitting
the electronic manuscript. More information on how to remove field codes from different reference
management software.

Reference style
The author(s) is/are responsible for the accuracy and completeness of the references, which should be
identified in the text by Arabic numerals within square brackets in the order of first citation (i.e. [1,2])
and listed in numerical order at the end of the text. References must include author(s) last name(s),
preceded by initials (listing all authors if four or fewer, or the first three authors followed by et al. if
five or more), title of article, title of journal abbreviated according to the Index Medicus, volume (and
supplement if appropriate), year of publication in parentheses, and first and last page numbers.

References to books must include author(s) last name(s) preceded by initials, title of chapter, editor(s)
last name(s) and initials, title of book, place of publication, publisher, year of publication, and first
and last page numbers. 'Articles in press' can be included in the reference list but submitted work
under consideration at a publisher must be cited in the main text as 'Author X, unpublished data'.
Draft analyses can be referred to in the main text as 'Author X, personal communication'.

For reference style 1 numbered
[dataset] [1] M. Oguro, S. Imahiro, S. Saito, T. Nakashizuka, Mortality data for Japanese oak wilt
disease and surrounding forest compositions, Mendeley Data, v1, 2015. http://dx.doi.org/10.17632/
xwj98nb39r.1.

Book Reference Example
1. P. Drury, W. Gatling, Diabetes: Your Questions Answered, Churchill Livingstone, Edinburgh, 2005.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations.

Video
Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with a preferred maximum
size of 150 MB per file, 1 GB in total. Video and animation files supplied will be published online in
the electronic version of your article in Elsevier Web products, including ScienceDirect. Please supply
'stills' with your files: you can choose any frame from the video or animation or make a separate
image. These will be used instead of standard icons and will personalize the link to your video data. For
more detailed instructions please visit our video instruction pages. Note: since video and animation
cannot be embedded in the print version of the journal, please provide text for both the electronic
and the print version for the portions of the article that refer to this content.

Supplementary material
Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the 'Track Changes' option
in Microsoft Office files as these will appear in the published version.

Research data
This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research data
refers to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.
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Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References" section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking
If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding
of the research described.

There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

Data statement
To foster transparency, we encourage you to state the availability of your data in your submission.
This may be a requirement of your funding body or institution. If your data is unavailable to access
or unsuitable to post, you will have the opportunity to indicate why during the submission process,
for example by stating that the research data is confidential. The statement will appear with your
published article on ScienceDirect. For more information, visit the Data Statement page.

AFTER ACCEPTANCE
Proofs
One set of page proofs (as PDF files) will be sent by e-mail to the corresponding author (if we do not
have an e-mail address then paper proofs will be sent by post) or a link will be provided in the e-
mail so that authors can download the files themselves. To ensure a fast publication process of the
article, we kindly ask authors to provide us with their proof corrections within two days. Elsevier now
provides authors with PDF proofs which can be annotated; for this you will need to download the free
Adobe Reader, version 9 (or higher). Instructions on how to annotate PDF files will accompany the
proofs (also given online). The exact system requirements are given at the Adobe site.
If you do not wish to use the PDF annotations function, you may list the corrections (including replies
to the Query Form) and return them to Elsevier in an e-mail. Please list your corrections quoting line
number. If, for any reason, this is not possible, then mark the corrections and any other comments
(including replies to the Query Form) on a printout of your proof and scan the pages and return via e-
mail. Please use this proof only for checking the typesetting, editing, completeness and correctness
of the text, tables and figures. Significant changes to the article as accepted for publication will only
be considered at this stage with permission from the Editor. We will do everything possible to get your
article published quickly and accurately. It is important to ensure that all corrections are sent back
to us in one communication: please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

Randomised controlled trials
All randomised controlled trials submitted for publication in the journal should include a completed
Consolidated Standards of Reporting Trials (CONSORT) flow chart. Please refer to the CONSORT
statement website at http://www.consort-statement.org/ for more information. Ethics For clinical
trials, details of ethical committee approval and the type of informed consent should be stated.
Patients' and volunteers' names, initials, and hospital numbers should not be used.

Offprints
The corresponding author will, at no cost, receive 25 free paper offprints, or alternatively a customized
Share Link providing 50 days free access to the final published version of the article on ScienceDirect.
The Share Link can be used for sharing the article via any communication channel, including email
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and social media. For an extra charge, paper offprints can be ordered via the offprint order form
which is sent once the article is accepted for publication. Both corresponding and co-authors may
order offprints at any time via Elsevier's Author Services. Corresponding authors who have published
their article gold open access do not receive a Share Link as their final published version of the article
is available open access on ScienceDirect and can be shared through the article DOI link.

AUTHOR INQUIRIES
Visit the Elsevier Support Center to find the answers you need. Here you will find everything from
Frequently Asked Questions to ways to get in touch.
You can also check the status of your submitted article or find out when your accepted article will
be published.
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