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EXECUTIVE SUMMARY 

 

Diabetes Mellitus (DM) is a chronic, metabolic disease characterised by raised blood glucose levels. In 

2019, there were an estimated 463 million adult patients living with diabetes (PLWD), with this figure 

expected to reach around the 700 million mark by 2045. Patients living in low-income and middle-

income countries comprise approximately 79% of global adult PLWD figures, with approximately 20% 

of these PLWD being older than 65 years. This illustrates that the burden of DM rests on the younger 

working-age population in low-to-middle-income (LMIC) countries. These patients living with type 1 

and type 2 diabetes have reduced life expectancies of approximately 20 and 10 years, respectively. 

Unfortunately, this  compounds the problem of further decreasing the life expectancy of the population 

of LMIC countries which are already being affected by communicable diseases like HIV infection.  

South Africa has the highest prevalence of human immuno-deficiency virus (HIV) in the world at 13% 

with many PLWD also being HIV-infected. With the effective roll-out of anti-retroviral treatment 

(ART), patients are also able to live longer and can develop diabetes mellitus as a result of longevity, 

ART and the HIV-infection itself. With the prevalence of both these conditions and the numbers of DM 

expected to rise, determining relationships in PLWD in an HIV-endemic area would offer better 

knowledge and allow for better strategies to be implemented to effectively manage a significant 

proportion of patients in our setting.  

A scoping review was conducted globally to identify associations between ‘age’ and ‘glycaemic 

control’ in HIV-infected PLWD. The review concluded that “varying data exists on the associations 

between glycaemic control and age in PLWD in the context of HIV infection (PLWDH). Further studies 

are recommended to determine associations in this regard, especially in LMIC where HIV and DM have 

a higher prevalence.”   

The lack of conclusive associations identified from the scoping review suggested that another study was 

warranted in an HIV-endemic region. A retrospective study was conducted among 957 PLWD of whom 

146 patients were HIV-infected from the Edendale Hospital Diabetes Clinic, Pietermaritzburg, South 

Africa from 1 January 2019 to 31 December 2019. Statistical analysis was performed with a p 

value<0.05 being considered statistically significant. Our study showed that younger PLWD had poorer 

glycaemic control and were likely to develop diabetes-related complications later in life. Of note, older 

age was associated with improved mean glycated haemoglobin (HbA1c) levels after adjusting for 

glomerular filtration rate (GFR) [r=-0.141, p<0.001; (before adjustment: r=-0.108; p=0.001)]. In 

addition to this, PLWD with an HIV-infection who had a mean HbA1c>7% were significantly younger 

than those with HbA1c≤7% (47.38 years vs. 52.77 years, p=0.013). 
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From this study, we evaluated associations between age and glycaemic control in PLWD has served to 

highlight that “more emphasis, in terms of diabetes education and management, needs to be placed in 

the younger age category of both PLWD and PLWDH”. This study, as well as future prospective 

studies, will assist with providing patients, healthcare workers and government with improved 

knowledge, thereby managing patients more effectively at any given age. Some of our 

recommendations from this study include: screening all patients for DM and implementing strategies 

to optimise glycaemic control and prevent complications; healthy diet to be implemented by patients of 

all ages; exercise as well as optimal pharmacological management and self-monitoring of glucose 

levels.  
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CHAPTER 1: INTRODUCTION 

 

Diabetes Mellitus (DM) is a chronic, metabolic disease characterised by raised blood glucose levels1. In 2019, 

there were an estimated 463 million adult patients living with diabetes (PLWD)2, with this figure expected to 

reach around the 700 million mark by 20452.  

 

Patients living in low-income and middle-income countries comprise approximately 79% of global adult PLWD 

figures, with approximately 20% of these PLWD being older than 65 years2. This contrasts with high-income 

countries which have greater than 50% of their PLWD older than 65 years3. This illustrates that the burden of DM 

rests on the younger working-age population in LMIC countries. These patients living with type 1 and type 2 

diabetes have reduced life expectancies of approximately 20 and 10 years, respectively4. Unfortuately, this 

compounds the problem of further decreasing the life expectancy of the population of LMIC countries which are 

already being affected by communicable diseases like HIV infection and tuberculosis (TB).  South Africa has the 

highest prevalence of HIV in the world at 13%5, while TB was identified as the main cause of mortality in South 

Africa in 2019 with an estimated 58 000 deaths6.   

 

Literature has shown us that younger age is associated with poorer glycaemic control7,8. Considering this as well 

as younger patients experience a longer duration of DM, it would explain why there are increased complications 

in older patients9. In South Africa, it has already been demonstrated that older PLWD have a poorer quality of life 

and greater disability10.   In addition to this, those with young-onset type 2 DM (T2DM) appear to have a more 

aggressive disease phenotype, leading to a poorer quality of life and unfavourable long-term outcomes9. This 

highlights the possibility of a future public health catastrophe9.  Efforts should therefore be made to prevent this 

potential problem.  

 

South Africa’s mortality in older patients is transitioning from a country which mainly suffers from communicable 

disease (e.g. HIV and TB) to one of non-communicable diseases such as strokes and heart disease11. This 

underscores the importance of DM since strokes and heart disease are known complications of DM8. South Africa 

has a younger population with only 9.10% of the population being 60 years and older11. The working age in South 

Africa is between 15-64 years.12 In addition, among those South Africans who are between 15-49 years old, 

approximately 18.70% have HIV-infection5 while the prevalence of TB is estimated at 615 per 100 000 

population6.  Burgess et al. found that there was a greater than three-times higher mortality at 24-month follow up 

in PLWD who were HIV-infected when compared to those who were HIV-uninfected13. Furthermore, DM has 

been shown to increase the risk of developing TB by 300%14. Estimates from 2020 place the average South 

Africans’ life expectancy at 62.50 years and 68.50 years for males and females, respectively11. This suggests that 
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the South African male life expectancy is lower than the retirement age of the population while females are 

expected to demise shortly after retirement age. The burden of this collision of non-communicable and 

communicable diseases in SA and its associated increase in earlier mortality has a significant impact on the 

working class, thereby reducing economic activity in the country.  

  

In this study we aimed to perform a scoping review of what is currently known on ‘The relationship between age 

and diabetes control in patients with diabetes mellitus in low-to-middle income countries’ as well as determine if 

there are significant associations in patients living with diabetes (PLWD) between age and clinical and 

biochemical variables. This was done on PLWD who visited a regional hospital diabetes clinic in 

Pietermaritzburg, KwaZulu-Natal, South Africa. The results of this study can help the government to design and 

implement strategies to improve current diabetes care in patients targeting different age groups.  
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CHAPTER 2: THE RELATIONSHIP BETWEEN AGE AND GLYCAEMIC 

CONTROL IN PATIENTS LIVING WITH DIABETES MELLITUS IN THE 

CONTEXT OF HIV INFECTION: A SCOPING REVIEW 

 

 

This chapter focuses on a scoping review of the literature available on studies which include PLWD who 

are also HIV-infected to address relationships between ‘age’ and ‘glycaemic control’.  

The study revealed that there were varying associations between ‘age’ and ‘glycaemic control’ in 

PLWDH.  

 

(Some formatting changes and minor additions have been inserted from the original article published 

in JEMDSA) 
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Background 

Diabetes mellitus (DM) is a chronic, metabolic disease characterised by raised blood glucose levels.1 In 

2019, there were an estimated 463 million adult patients living with diabetes (PLWD), with this figure 

expected to reach around the 700 million mark by 2045.2 

Patients living in low- and middle-income countries (LMIC) comprise approximately 79% of the global 

adult PLWD figures, with approximately 20% of these PLWD being older than 65 years.2 This contrasts 

with high income countries (HIC), where the majority of such patients are older than 64 years,3 

illustrating that the burden of DM rests on the shoulders of the younger working age population in these 

LMIC. These patients living with type 1 and type 2 diabetes already have reduced life expectancies of 

approximately 20 and 10 years respectively4 and DM occurring at a younger age only serves to 

compound the problem of decreasing the life expectancy of the population in these LMIC, which are 

already being burdened by communicable diseases such as HIV infection and tuberculosis (TB). South 

Africa (SA) is classified as a LMIC and also has the highest prevalence of HIV infection in the world 

at 13%.5 In addition, TB has been reported as the main cause of mortality in SA in 2019, with an 

estimated 58 000 annual TB-attributable deaths.6 

Literature from both HIC and LMIC countries show us that poor glycaemic control is found in the 

younger PLWD.7,8 Taking this finding into consideration and that younger patients are generally 

destined to have longer disease exposure, probably accounts for the increased risks of chronic 

complications found in older PLWD.9 In SA, it has already been demonstrated that older PLWD have 

a poorer quality of life and greater disability.10 In addition, those with young-onset type 2 DM (T2DM) 

appear to have a more aggressive disease phenotype, leading to a poorer quality of life and unfavourable 

long-term outcomes.9 This serves to highlight the burden on the health system of DM in older patients.9 

Efforts should therefore be made to identify areas in diabetes control that can be targeted in the various 

age groups in order to prevent this potential problem. 

The landscape of mortality in older patients in SA is changing from one of communicable diseases (e.g. 

HIV and TB) to that of non-communicable diseases (NCDs) such as strokes and heart disease.11 This 

underscores the importance of DM, as strokes and heart disease are well recognised macrovascular 

complications of DM.8 Epidemiologically, SA has a younger population with only 9.1% of the 

population being 60 years and older.11 The working age in SA is generally defined as between 15 and 

64 years.12 South Africans who are 15–49 years old are also faced with an additional infectious diseases 

burden, especially that of HIV infection (with a prevalence of 18.7%5) and TB, which is estimated at 

615 per 100 000 population.6 Burgess et al. found that there was a greater than three times higher 

mortality at 24-month follow-up in PLWD who were HIV-infected when compared with those who 

were HIV-uninfected.13 Moreover, people with an HIV infection are more likely to develop T2DM than 

HIV-uninfected patients.14 Furthermore, DM has been shown to increase the risk of developing TB by 
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300%.15 Estimates from 2020 place the average South African life expectancy at 62.5 and 68.5 years 

for males and females respectively.11 This suggests that South African male life expectancy is lower 

than the retirement age of the population while females are expected to die shortly after retirement age. 

The burden of this collision of non-communicable and communicable diseases in SA and its associated 

increase in earlier mortality has a significant impact on the working class, thereby reducing economic 

activity in this country. 

 

Aim 

This scoping review aimed to summarise publications relating to age and glycaemic control in PLWD 

in HIV-infected patients (PLWDH) to identify a potential research gap on the topic by assessing 

associations between age and glycaemic control. 

 

Methods 

Search terms and data sources 

For this scoping review, data were obtained using trusted online medical journal search engines. The 

Cochrane Library, PubMed and Scopus were utilised for this task. The following wording chosen was 

in the Boolean search format across the online search engine platforms in order to identify as many 

articles as possible on the topic: (‘diabetes’ OR ‘diabetes mellitus’ OR ‘insulin dependent diabetes 

mellitus’ OR ‘IDDM’ OR ‘insulin dependent diabetes’ OR ‘non-insulin dependent diabetes mellitus’ 

OR ‘non-insulin dependent diabetes’ OR ‘NIDDM’ OR ‘type 2 diabetes mellitus’ OR ‘type 2 diabetes’ 

OR ‘type 1 diabetes’ OR ‘type 1 diabetes mellitus’ OR ‘Age’ OR ‘elderly’ OR ‘young’) AND 

(‘increased age’ OR ‘decreased age’ OR ‘teenagers’ OR ‘teens’ OR ‘mature’ OR ‘old’ OR ‘pensioners’ 

OR ‘older’ OR ‘younger’) AND (‘HbA1c’ OR ‘glycaemic control’ OR ‘glycemic control’ OR 

‘glycaemia’ OR ‘glycemia’ OR ‘glucose control’ OR ‘dysglycaemia’ OR ‘dysglycemia’) AND (‘HIV’ 

OR ‘AIDS’ OR ‘HIV-infection’ OR ‘HIV infection’ OR ‘HIV positive’ OR ‘HIV-positive’ OR ‘human 

immunodeficiency syndrome’). 

A Google search was also done to find additional articles. Broader search terms were included: 

‘diabetes’ and ‘HIV’ and ‘age’. From the results on Google, articles were identified by ‘title’ and if this 

included associations on ‘HIV’ and ‘diabetes’, the article was read in full to look for associations 

between glycaemic control and age in the study. Articles that had already been found on the other search 

engines were not read in the Google search. There were 110 articles evaluated by title while only 45 

other articles were read in full for possible use in the study.  
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Study designs accepted were retrospective and prospective cohort studies where an identifiable DM 

group with an HIV infection was present. Any study, regardless of when or where it was conducted or 

published, was accepted provided that there was a relationship among the four variables (i.e. 

HIVinfected, DM, an association between ‘age’ and ‘glycaemic control’). Only studies in English were 

read as the authors were only proficient in English. 

 

 

Figure 1: Flow diagram showing the eliminating process of articles to obtain final articles 

included in this scoping review 
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Data synthesis 

As of April 15, 2021, there were 215 search results across three different search engines (55 from 

Cochrane Library; 59 from PubMed, and 101 from Scopus). An additional 45 articles were evaluated 

through the Google search. The articles’ Abstract was read and those that met the criteria for our scoping 

review were downloaded and kept aside for full review of the entire article. Identical articles that were 

duplicated on the different search engines were omitted. We aimed to find studies from PLWDH cohorts 

(or alternatively DM cohorts or HIV cohorts where there were groups/subgroups that included 

PLWDH). We then determined whether there were clear relationships between ‘age’ and ‘glycaemia’ 

in such groups. Figure 1 is a flow diagram of the selection process followed according to the preferred 

reporting items for systematic reviews and meta-analyses (PRISMA) statement.16 

The selection of articles was done manually and no software program was utilised due to the limited 

number of results found. If articles were identified for inclusion in the scoping review, they were 

downloaded and kept in a folder, which was analysed later to be added to Table 1. This was done by 

author RRC and verified by co-author SP to ensure validity and standardisation of included studies. 

There were a total of 17 articles that met our criteria for this study and these are summarised in Table 1 

in chronological order. 

Data were reported on year of publication, country, region, gender, type of study, patient selection and 

duration of both HIV and DM. These details highlighted that the earliest study found was in 2010 and 

since that time more than half of the publications have been within the last five years. The country and 

region were included to evaluate whether demographics or social factors had an impact on age and 

glycaemic control. As mentioned, the burden of disease of DM and HIV is in LMIC, hence we hoped 

to identify whether LMIC are adequately evaluating these associations, which is more relevant to them. 

The number of PLWDH showed the proportion of patients who suffered from both co-morbidities 

compared with the number of participants in the study and was included to determine the total number 

of patients that we used in this study. The type of study showed prospective vs. retrospective studies to 

allow causal relationships vs. associations to be drawn, respectively. The cohort selection was to 

determine whether patients were primarily from HIV clinics (who were also PLWD) or whether from 

a DM clinic who were also HIVinfected. The duration of HIV and DM was included to assess whether 

the duration of either co-morbidity had an effect on age. 
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Results 

Demographics of the different studies 

All of the studies had an association between age and glycaemic control in PLWDH. From the 17 studies 

that met our inclusion criteria, seven different countries were identified. There were six articles from 

the USA, five from South Africa, two from Malawi and one each from France, the Netherlands, Brazil 

and Iran. The studies ranged from 2010 to March 2021. 

Nine of the studies were from LMIC while eight were from HIC countries. Locally in South Africa, 

there were five studies conducted (three in Pietermaritzburg [KwaZulu-Natal province]; one in East 

London [Eastern Cape province] and one in Soweto [Gauteng province]). 

Glesby et al.17 was the only study to be performed among a complete female cohort while Medapalli et 

al.20 assessed US veterans and consisted almost entirely of males. All other studies conducted were done 

on cohorts of both sexes. 

 

Number of patients identified and types of studies 

There were 45 095 patients identified across the 17 included studies. In total, 5 060 patients were 

identified as having both HIV infection and being diagnosed with DM. Of these studies, there were five 

prospective and eight retrospective studies; the studies mentioned only that they were cross-sectional 

while one study did not mention the study design. 

In terms of samples utilised, six of the studies identified included patients from HIV clinics and six 

studies identified patients from DM clinics. Two studies had cohorts of PLWDH. The other three studies 

comprised cohorts with TB and HIVinfected patients, newly diagnosed HIV-infected patients and 

women with or at high risk of contracting HIV infection. 

 

Relationships between glycaemia, age and HIV infection 

The results of the included studies varied as to the relationship between age and glycaemia. Some 

studies suggested that age and glycaemia have an inverse relationship, i.e. lower glycaemia occurs as 

age increases.20,24,25,33 However, other studies suggested that glycaemia worsens with age.19,23,26–29 To 

complicate this, there are also data to support there being no statistically significant differences that 

occur between age and glycaemia.17,18,21,22,30–32 

In HIC countries, we found that in the ‘older has worse glycaemia category’ vs. ‘older has improved 

glycaemia category’ vs. ‘non-significant category’, there were two, two and four studies, respectively. 
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In LMIC, there were three studies in each of the categories. In Malawi, both of the studies suggested 

that age had no significance in glycaemia.18,22 This contrasted with SA, where three studies suggested 

that there is an inverse relationship between age and glycaemia;25,28,33 one study showed no significant 

relationship between age and glycaemia31 while the last study showed that older patients had poorer 

glycaemia.27 Overseas, both studies done in Brazil26 and Iran29 suggested that older age was associated 

with poorer glycaemia (see Table 2). 
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Table 1: Articles which met criteria of scoping review 

 

No.  Author Year of 

publicat

ion 

Cou

ntry 

Regio

n  

Numb

er of 

partici

pants 

No. of 

PLW

DH  

Gender Type of 

study 

Patient 

selection 

Duratio

n of 

HIV 

Duration 

of DM 

Associations found relevant to 

this scoping review 

1 Glesby 

et al. 

[17] 

2010 USA 6 

urban 

sites 

424 315 Females Prospect

ive 

Women with or 

at high risk of 

HIV infection 

X  X  HbA1c was lower in PLWHD 

compared to HIV-uninfected 

patients while there was no 

statistically significant 

differences in age.  

2 Cohen 

et al. 

[18] 

2010 Mala

wi 

Blanty

re 

620 65 Both Prospect

ive 

Diabetes Clinic X  7.0 No statistical differences were 

seen between age and HbA1c 

values between PLWD and 

PLWDH; neuropathy was 

significantly associated with age 

or poor glycaemic control 

(fasting blood glucose but not 

HbA1c) 

3 Capeau 

et al. 

[19] 

2011 Fran

ce 

47 

French 

clinics 

1046 111 Both Prospect

ive 

HIV-infected 

Cohort 

3.6 

(0.2–

8.7) 

X  Age is positively associated with 

PLWD compared to 

normoglycaemic patients; 

indinavir caused more 

hyperglycaemic episodes 

4 Medapal

li et al. 

[20] 

2012 USA New 

York 

31072 1796 97% 

Male 

X  HIV-infected X X PLWDH had lower HbA1c at 

baseline compared to those 

without both co-morbidities; 

mean age of PLWDH were older 

than overall group  
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5 Kim et 

al. [21]  

2014 USA New 

York  

65 65 Both Retrosp

ective 

PLWDH from 

clinic 

X X There were no statistically 

significant differences in age 

when estimating glycaemia  

6 Burgess 

et al. 

[22] 

2014 Mala

wi 

Blanty

re 

357 48 Both prospect

ive 

DM Clinic X OR: 1.13 High HbA1c and an HIV-

infection are risk factors for 

sight-threatening diabetic 

retinopathy while age is not 

significantly related 

7 Roerink 

et al. 

[23] 

2015 Nede

rland

s 

Nijme

gen 

518 28 Both Retrosp

ective 

HIV clinic 12±7  

 

9±5  

 

PLWDH were older and had 

higher glucose and HbA1c 

levels 

8 Zuniga 

et al. 

[24] 

2016 USA Urban 186 186 Both Retrosp

ective 

HIV Clinic  X X Older age was significantly 

related to optimal HIV and DM 

control 

9 Pillay et 

al. [25] 

2016 SA Pieter

maritz

burg 

653 149 Both Retrosp

ective 

DM Clinic X  

 

4.29± 

4.65  

Younger patients who were 

HIV-infected had higher mean 

HbA1c levels than older 

patients.  

10 Moreira 

et al. 

[26] 

2017 Brazi

l 

Rio De 

Janero 

473 10 Both Retrosp

ective 

HIV and TB co-

infection 

X X  PLWD were older and had a 

higher median glucose  

11 Khoza 

et al. 

[27]  

2018 SA Sowet

o 

320 106 Both Prospect

ive  

DM clinic 5.35 ± 

4.19 

(Duratio

n of 

ART) 

11.9 ± 

5.04 

HIV-infected patients were 

younger and had lower HbA1c 

levels.  

12 Somban

mu et al. 

[28]  

2019 SA East 

Londo

n 

335 21 Both Cross 

sectiona

l 

Newly 

diagnosed-HIV 

patients 

X X  Age <46 is significantly 

associated with fewer HbA1c 

levels ≥6.5% 

13 Rasooli

nejad et 

al. [29]  

2019 Iran Tehran 480 28 Both cross-

sectiona

l study, 

retrospe

ctive  

HIV- infected 

cohort 

59.0 ± 

35.9 

months 

x Age greater than 40 was 

significantly associated with 

hyperglycaemia and DM 
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14 Zuniga 

et al. 

[30] 

2020 USA Center 

for 

AIDS 

Resear

ch 

Netwo

rk of 

Integra

ted 

Clinic 

Syste

ms 

798 798 Both Retrosp

ective 

cross-

sectiona

l 

PLWH and 

T2DM 

X X No statistically significant 

differences in HbA1c between 

younger and older patients. 

15 Pillay et 

al. [31] 

2020 SA Pieter

maritz

burg 

 

 915 

165 Both Cross-

sectiona

l 

DM Clinic 6.5 

years 

(IQR: 3-

10) 

when on 

ART 

Median 4 

years; 

IQR:1-8 

PLWDH were significantly 

younger than PLWD, there was 

no statistically significant 

difference in glycaemia between 

PLWD and PLWDH 

16 Wallace 

et al. 

[32]  

2020 USA Washi

ngton 

5876 1023 Both Observa

tional 

longitud

inal, 

cross-

sectiona

l 

HIV Cohort Mean: 

17.9 

years 

X In PLWDH, age played no 

significance between well-

controlled and non-controlled 

DM.  

17 Chetty 

et al. 

[33] 

2021 SA Pieter

maritz

burg  

957 146 Both Retrosp

ective 

DM Clinic X  X  Age categories and HbA1c 

values have an inverse 

relationship; a positive family 

history of diabetes has higher 

mean HbA1c levels in HIV-

infected patients on a Fixed 

Dose Combination of ART 

X=No information available on this association  
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Table 2: Summary of results of study by income type of country 

 “older age has worse 

glycaemia category” 

“non-significant 

category” 

“older age has improved 

glycaemia category” 

HIC USA x 2 studies USA x 4 studies Netherlands x 1 study 

France x 1 study 

LMIC SA x 3 studies  SA x 1 study 

Malawi x 2 studies 

SA x 1 study 

Brazil x 1 study 

Iran x 1 study 

HIC = high-income countries; LMIC = low- and middle-income countries. 

 

 

Discussion 

Data vary on the associations between age and glycaemic control in PLWD within the context of HIV. 

An article published in 2018 by Fazekas-Lavu et al.34 highlighted the limited data available on the 

associations between HIV and DM. Although literature is available, knowledge gaps are still widespread 

on this topic as there is no consensus on this association due to a paucity of studies. While performing 

this scoping review, multiple articles focused on the prevalence of DM or dysglycaemia within cohorts 

of HIV-infected patients rather than associations that occur in cohorts of patients with both these co-

morbidities. We postulate that this is due to the lower prevalence of HIVinfected patients outside LMIC, 

thereby making it difficult to obtain a cohort of PLWD with an HIV infection in a sample size large 

enough to study. This is evident from our scoping review where only two studies had cohorts of 

PLWDH. 

 

Kebbi et al. described that the rising number of younger patients with T2DM in the general population 

is associated with poorer glycaemic control.35 Quah et al. concurred and suggested that targeted 

educational and behaviour modification programmes would be required to effectively manage younger 

PLWD.36 In the context of an HIV infection, Chetty et al. found a similar association – younger patients 

had a higher mean HbA1c than older patients.33 Al Lawati et al. highlighted that the poorer glycaemia 

seen in younger adults poses a formidable challenge to diabetes care teams.37 
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On the other end of the spectrum, Roerink et al. found that PLWDH were older and had higher HbA1c 

levels.23 This could be attributed to older patients being at higher risk for the development of type 2 

diabetes due to the combined effects of increasing insulin resistance and impaired pancreatic islet 

function.17 When considering age and an HIV-infection, Kalra et al. highlighted that patients may 

develop DM due to normal ageing, the metabolic changes related to the HIV infection or due to HIV 

treatment.39 This suggests that the occurrence of DM can be multifactorial in older patients. When 

considering the longer lifespan that PLWH have due to ART and the cardiovascular risks related to DM, 

effective strategies need to be implemented so that optimal care can be given to this cohort of PLWDH. 

 

Glesby et al. conducted a study on a female cohort and suggested that the HIV infection was more 

significant than age when comparing glycaemic control. In this study, it was found that HIV-infected 

patients had lower mean HbA1c levels.17 According to Monroe et al., HbA1c has been found to 

underestimate glycaemia in HIV-infected patients (both males and females).40 This highlights the 

varying factors and challenges that can affect patients’ glycaemia in the context of HIV. 

 

Our study summarised associations but could not identify demographics or resources (seen through 

LMIC vs. HIC [high-income countries]) as a variable that could be associated with glycaemic control 

and age. For example, the countries that made up the ‘older age has improved glycaemia category’ 

consisted of the USA (two cases) and SA (three cases). This suggested that regardless of the region 

being developed or underdeveloped, associations may exist. This was evident in our South African 

setting where three studies were conducted in the same city (Pietermaritzburg) but the results of these 

studies did not correlate. It is evident from our findings that there are likely associations between age 

and glycaemic control that are not well understood at present. We postulate that this is attributed to the 

differing lifestyle habits (diet/exercise/medication adherence) of patients in the different age groups. 
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CHAPTER 3: AGE AND DIABETES CONTROL IN AN HIV-ENDEMIC 

COUNTRY: IS THERE AN ASSOCIATION? (RESEARCH ARTICLE) 

 

This chapter focuses on original research on associations between Age and Diabetes Mellitus at the 

Diabetes Clinic at Edendale Hospital.  

 

In this article we determined that younger PLWD have poorer glycaemic control and are likely to 

develop diabetes-related complications later in life. This study highlights that more emphasis needs to 

be placed on diabetes education and management in the younger age categories of both PLWD and 

PLWDH.  

 

(Some formatting changes and minor additions have been inserted from the original article 

published in JEMDSA) 
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Age and Diabetes Control in an HIV-endemic country: 

Is there an association?  

RR Chetty, S Pillay  

[Article accepted by JEMDSA and published online on 2 December 2021] 

https://www.tandfonline.com/doi/full/10.1080/16089677.2021.2002586  

 

ABSTRACT 

Background:  The prevalence of diabetes mellitus (DM) in South Africa (SA) is 12.80% and is rising 

while that of HIV infection remains the highest globally (13%).  Literature varies on the associations 

between glycaemic control and age in patients living with DM (PLWD). Through effective anti-

retroviral treatment (ART), HIV-infected patients can now live longer and develop co-morbidities as 

experienced by HIV-uninfected patients. Identification of challenges faced in diabetes control within 

the various age groups would help in developing strategies to provide improved care to patients. 

Objectives: This study aimed to determine an association between age and diabetes control in an HIV 

endemic area.   

Methods: Data from standardised clinic sheets were used from the DM clinic at Edendale Hospital, 

Pietermaritzburg, South Africa, from 1 January 2019 to 31 December 2019.   

Results: This study had 957 PLWD with 146 PLWD being HIV-infected (PLWDH). Older age was 

associated with improved mean glycated haemoglobin (HbA1c) levels after adjusting for glomerular 

filtration rate (GFR) [r=-0.141, p<0.001]. (Before adjustment: r=-0.108; p=0.001).  HIV-infected 

patients had lower mean HbA1c levels than their HIV-uninfected counterparts while age was positively 

associated with BMI in patients (r=0.246, p<0.001). PLWDH with a mean HbA1c>7% were 

significantly younger than those with HbA1c≤7% (47.38 years vs. 52.77 years, p=0.013). GFR declined 

with age: PLWD with GFR<60ml/min were significantly older than those with GFR≥60ml/min (62.72 

years vs. 48.30 years, p<0.001), this remaining significant after factoring in for HIV-infection and 

hypertension. 

Conclusion: Younger PLWD have poorer glycaemic control and are likely to develop diabetes-related 

complications later in life. Notably, younger PLWDH also had poorer glycaemic control which places 

them at increased cardio-metabolic risk from sequelae of both the HIV-infection and DM.  This study 

highlights that more emphasis needs to be placed on diabetes education and management in the younger 

age categories of both PLWD and PLWDH.  

Keywords: Diabetes Mellitus, glycaemic control, age, HbA1c, HIV 
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Age and Diabetes Control in an HIV-endemic country: 

 Is there an association?  

Introduction  

Globally, seventy-nine percent (79%) of adult patients living with diabetes mellitus (PLWD) are from 

low-and-middle-income countries (LMIC), with approximately 1 in 5 of these PLWD being older than 

65 years1. In 2019, there were approximately 463 million PLWD and 4,2 million deaths that were related 

to diabetes mellitus (DM)1. These numbers are expected to rise to 700 million by 20451.  In South Africa 

(SA), a country classified as a LMIC, the prevalence of DM is 12.80%2. SA also has the highest 

prevalence of HIV infection globally (13%)3. Results from both high income contries (HIC) and LMIC 

countries suggest that younger age is associated with poorer glycaemic control4,5. This finding was 

contrasted by Roerink et al. who determined that older PLWD had poorer glycaemic control in a study 

conducted in Netherlands6 while Zuniga et al. found that there were no statistically significant 

differences in HbA1c values between older and younger adults7. Additionally, a South African study 

showed that PLWD who were HIV-infected (PLWDH) were younger and had a lower mean HbA1c 

level8. This 2018 study by Khoza et al. conducted at the Chris Hani Baragwanath Academic Hospital 

DM Clinic, Soweto, SA, described ‘The effect of HIV infection on glycaemia and renal function in type 

2 diabetic patients’8. In another South African study, Werfalli et al. determined that older PLWD have 

a poorer quality of life and greater disability9. This is likely attributed to older PLWD being at increased 

risk for both acute and chronic microvascular and cardiovascular complications related to the disease10.   

 

With the effective rollout of anti-retro viral treatment (ART), HIV-infected patients can be expected to 

have a normal lifespan11. Kalra et al. highlighted the association between age and an HIV-infection in 

PLWD and mentioned that DM can develop as a result of the normal course of aging, metabolic factors 

related to the HIV-infection or due to ART12. As these patients can now live to an older age with co-

morbidities, strategies need to be implemented to provide effective care to patients as they age.  

 

Chetty et al. conducted a scoping review in 2021 describing the relationship between ‘age’ and 

‘glycaemic control’ in PLWD in the context of HIV-infection. Results of this scoping review 

demonstrated that data varied significantly on the associations between glycaemic control and age in 

PLWD13. They recommended that additional studies be conducted in LMIC countries where there is a 

high prevalence of co-existent HIV and DM13.  
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Methods 

A retrospective, analytical cohort study was performed using data collected from patients who attend a 

specialised diabetes clinic at Edendale Hospital (EDH), Pietermaritzburg, KwaZulu-Natal. Clinicians 

used a standardised, comprehensive clinic sheet for all patients consulted in this clinic which has been 

approved by the University of KwaZulu-Natal Biomedical Research and Ethics Committee (BREC) – 

BCA 194/15 while the BREC approval number for this current study is 2645/2021. The data for this 

study included patients of all ages who attended the diabetes clinic at EDH between 1 January 2019 to 

31 December 2019. 

Patient demographics, age, mean HbA1c, random blood glucose, HIV status, type of DM were recorded 

in addition to other variables from the datasheet. Missing or incomplete or incorrectly completed data 

were not considered.  

Age was divided into the following groups: 13-17 years; 18-30 years; 31-45 years; 46-60 years; 61-75 

years and ≥76 years old.  

Good glycaemic control was defined as a glycated haemoglobin (HbA1c) value ≤7.00% while poor 

glycaemic control was defined as HbA1c>7.00%14. The Bio-Rad D-10 machine (Bio-Rad, USA) was 

used for analysing the HbA1c values at the laboratory. Both the laboratory and the machines are NGSP 

(National Glycohemoglobin Standardization Program) accredited to maintain standardisation of HbA1c 

results while the random glucose measurement (mmol/L) was determined using an Accu-Chek® 

glucometer (Roche, Switzerland). All variables utilised in the study were determined using National 

Health Laboratory Services (NHLS) methodology and calibration by technicians in their lab. 

 

 

 

Statistical analysis  

Statistical analysis was conducted with numerical data using Analysis of Variance (ANOVA) whilst 

categorical data relationships were determined using either Chi-square or Fisher’s Exact tests. A p-

value<0.05 was used as indicator of significance. Data was analysed by Statistical Package for Social 

Science (SPSS) version 25 for Windows (SPSS Inc., Chicago, IL, USA). The original data was screened 

for completeness, with outliers being eliminated. Numerical data was tested for normality using the 

Kolmogorov Smirnov Test. Most of the variables were not normally distributed, hence non-parametric 

analysis was used. Descriptive measures included the use of central measures (mean, median), standard 

deviations and inter-quartile ranges.  The relationships between numerical data was determined using 
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correlations, and those between categorical variables was done using chi square tests. Categorical data 

counts were represented using percentages. Binary logistic regression was used to determine the odds 

ratios for specified variables.  
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RESULTS 

(A) Epidemiology  

Data of 957 PLWD were used for this study – there were 822 (86.20%) Type 2 DM (T2DM) patients 

while 132 (13.80%) patients had Type 1 DM (T1DM) [3 unknown]. Approximately one-sixth of the 

cohort had an HIV infection (146, 15.30%). Of this HIV-infected cohort with DM, 84 (57.50%) were 

on a fixed-dose combination (FDC) of ART, while the other patients were either not yet initiated or 

were on alternative ART regimens. The majority of patients were between 46-60 years in both the 

PLWD and the PLWDH cohorts. [See Table 1]  

In the study the mean age of T1DM and T2DM was 29.33 years vs. 57.31 years, respectively. In 

PLWT1DM, there were 65 female patients while 67 patients were male. In PLWT2DM, females 

comprised of 596 patients while there were 226 male patients. In PLWT1DM there were 17 HIV-

infected patients in contrast to 129 HIV-infected patients in PLWT2DM. With regards to hypertension, 

there were 30 PLWT1DM while there were 713 PLWT2DM. 

 

(B) Age and HbA1c  

The mean HbA1c had a weak negative correlation with age (R=-0.108; p=0.001) [figure 1]. There was 

a statistically significant difference noted between the mean HbA1c value in the 13-17 year category 

compared to the ≥76 year category (10.36% vs. 9.12%, respectively, p=0.04). All patients in the 

youngest and oldest age categories were HIV-uninfected. In addition to this, a statistically significant 

difference in HbA1c was observed between the 46-60 year and the 61–75-year age categories (9.73% 

vs. 9.16%, respectively, p=0.002).  After adjusting for GFR, there was a stronger inverse correlation 

noted between age and HbA1c (r=-0.141, p<0.001) while HIV-infected patients had lower mean HbA1c 

levels than their HIV-uninfected counterparts. This association was highlighted in the 46–60-year age 

category (9.08% vs. 9.90%, respectively, p=0.004).  There were significant differences noted in the 

mean HbA1c values between the age groups when considering all the patients together (p=0.024), 

within the HIV-uninfected group only (p=0.026), and within the HIV-Infected group only (p=0.039).  

[See Table 1]. Cross tabulation of BMI with HbA1c and HIV revealed non-significant results (p>0.05). 
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Table 2: Duration of DM and mean HbA1c in the context of HIV-infection 

 All patients  HIV-Uninfected HIV-Infected  

Mean 

HbA1c 

(%) 

Count Mean  

duration of 

DM (±SD) in 

years 

Count Mean  

duration of 

DM (±SD) 

in years 

Count Mean  

duration of 

DM (±SD) 

in years 

P values 

(HIV-

uninfected 

vs. infected) 

≤7.00 133 7.24 (7.68) 107 7.07 (7.89) 26 7.92 (6.84) 0.615 

 

>7.00 761 10.68 (8.93) 655 11.30 (9.16) 106 7.00 (6.30) <0.001 

P values  <0.001  <0.001  0.513 

 

 

 

(F) Blood pressure  

PLWD with elevated blood pressure [systolic blood pressure (SBP) ≥140mmHg] were significantly 

older than those with SBP<140mmHg (58.27 years vs. 50.25 years, respectively, p<0.001). This finding 

was present in both the HIV-infected and HIV-uninfected patients (p<0.001). HIV-uninfected patients 

with SBP≥140mmHg were significantly older than HIV-infected patients (59.08 years vs. 52.33 years, 

respectively, p=0.001).   

Patients with elevated diastolic blood pressure (DBP) ≥90mmHg were significantly younger than those 

with DBP<90mmHg (50.36 years vs. 54.26 years, respectively, p=0.002). There was no significance 

noted in patients with DBP≥90mmHg between the HIV-infected and HIV-uninfected cohorts 

(p=0.457). Older patients had a significant positive correlation with mean SBP (r=0.298, p<0.001) while 

this association was not present with DBP (p>0.05) [See Table 3 and Figure 3].  Patients with 

hypertension were significantly older than those without (p<0.001). Furthermore, those patients with 

GFR<60ml/min, were significantly older than those with GFR≥60ml/min in both the hypertensive and 

non-hypertensive groups (p<0.001 vs. p=0.015, respectively) [See Table 4].  
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(H) Gender 

There were no statistically significant differences documented between mean HbA1C and gender in 

the different age categories.  

 

(I) Family History of DM (FHD)  

Patients with a positive FHD and poor glycaemic control were significantly younger than those with 

good glycaemic control (51.57 years vs. 55.58 years, respectively, p=0.045). Furthermore, PLWD with 

HbA1c≤7.00% were usually younger if a positive FHD was present (51.57 years vs. 55.14 years, 

respectively, p=0.002) [Table 6]. 

 

 

Table 6: Associations between FHD, age and HbA1c 

 Negative FHD Positive FHD  

HbA1c 

(%) 

Count Mean age in years 

(±SD) 

Count Mean age in 

years (±SD) 

P value 

≤7.00 69 54.96 (15.10) 64 55.58 (14.07) 0.807 

>7.00 354 55.14 (16.50) 407 51.57 (14.95) 0.002 

P values  0.933  0.045  

 

(J) Renal involvement   

Patients with elevated creatinine≥104umol/l were significantly older than those with levels <104umol/l 

(62.01 years vs. 49.91 years, respectively, p<0.001). This association occurred in both PLWDH as well 

as in the HIV-uninfected patients (p<0.001) [See Table 7]. Glomerular filtration rate (GFR) declined 

with age. Those with a GFR<60ml/min were significantly older than those with GFR≥60ml/min (62.59 

years vs. 48.30 years, respectively p<0.001) [Table 8]. When factoring in for co-morbidities, PLWD 

with co-morbid hypertension and an HIV-infection had a significantly lower age than PLWD without 

hypertension or an HIV-infection (45.10 years vs. 54.02 years, respectively, p=0.013). 
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DISCUSSION  

Globally, results of studies have varied with regard to the relationship between age and glycaemic 

control. Results from both HIC and LMIC countries suggest that younger age is associated with poorer 

glycaemic control4,5. This finding was contrasted by Roerink et al. (Netherlands study) who determined 

that older PLWDH had poorer glycaemic control6 while Zuninga et al. found that there were no 

statistically significant differences in HbA1c between older and younger adults15. In contrast to these, 

an Iraqi study found that younger patients were associated with poorer glycaemic control16. Our study 

yielded results which were similar to this Iraqi study. A South African study conducted by Khoza et al. 

showed that PLWDH were younger and had a lower mean HbA1c level8. Renal impairment decreases 

the clearance of insulin, thereby prolonging the half-life of the circulating insulin, resulting in decreased 

insulin requirements in PLWD17. After adjusting for GFR, older patients still had improved glycaemic 

control, becoming more significant after the adjustment. We postulate that older patients often having 

other co-morbidities might be more adherent to therapy and to clinic dates. Results of our study illustrate 

that we need to target improved glycaemic control in younger PLWD in order to prevent long-term 

complications.  

The reason for younger patients with poorer glycaemic control is multi-factorial. Teenagers and younger 

adult patients often have T1DM where there is an absolute insulin deficiency18. Lack of adherence to 

insulin in PLWT1DM is frequent with estimates of adherence occurring in 23-77% of patients – with 

higher values predicted in LMIC19. Riaz et al. listed factors associated with non-adherence including: 

the educational level of the patients’ parents, frequency of visiting DM clinics, knowledge regarding 

DM, lack of family support and the fear of hypoglycaemia20. Fu et al. suggested that non-adherence 

often resulted from a fear of needles or injections in patients21 while Patton et al. described how 

PLWT1DM have issues relating to their diets which is a cause of poor glycaemic control22. It is thus 

essential to have good support with managing DM especially in the early stages of the disease as failure 

to adequately manage this condition can lead to poorer glycaemic control and resultant complications.  

In older patients, there is improved glycaemic control compared to younger patients; however, 

glycaemic control is still not always optimal. In our study the older working group (46-60 year olds) 

had poorer glycaemia than the retirement group (61-75 year olds). We postulate that this is due to having 

poor eating patterns and consumption of unhealthy foods in the work environment. Work has been 

identified as a factor which leads to non-adherence due to a busy schedule23. Other factors which relate 

to poorer adherence include patient-related factors (e.g. forgetfulness or intentionally not taking 

medication) or drug-related (cost of medication or side effects)23. A South African study determined the 

cost of eating healthier foods was between 30-110% more expensive (on average 69% or more) than 

eating a non-healthy diet24. This would favour the purchase of non-healthy food which has adverse 
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effects on glycaemic control and health in general. This highlights the social challenges faced in 

managing DM (and other medical conditions) in all ages especially in a LMIC.  

 

Our study demonstrated that there was an increased prevalence of renal complications (defined by 

significantly increased creatinine and lower GFR levels) in older patients. In a LMIC country (such as 

SA), limited resources result in fewer patients having access to these scarce life-saving treatment 

modalities. In 2017, the incidence of initiation of renal replacement therapy (RRT) in SA was 25 per 

million population (pmp) which was significantly lower than countries with greater resources such as 

the United States of America (370 pmp) or the United Kingdom (121 pmp)25. Furthermore, Maphumulo 

et al. described how the long waiting times for medical intervention in SA may lead to patients 

developing complications or succumbing to the disease process as a result of not receiving timeous 

intervention26. These findings emphasise the need for early implementation of effective management 

strategies in the younger PLWD to prevent or retard disease progression in order to decrease the burden 

on limited resources and treatment modalities.  

 

 It is well-established that there is an association between hypertension with cardio-vascular disease 

(CVD), commonly resulting in increased mortality27. PLWD have a 200-400% risk of dying from 

CVD28, while some estimate that it can be as high as 10 times the risk of the general population29. In 

patients with hypertension and DM, the CVD risk increases by a further 75%30. In our study, systolic 

hypertension was positively associated with age. This is similar to what has been shown in other studies 

globally. An American study conducted by Ostchega et al. highlighted the increased prevalence of 

hypertension with age31. In contrast to this, our study found that the mean age of patients with increased 

DBP ≥90mmHg was younger than those with a DBP <90mmHg.  According to Li et al., DBP is an 

important risk factor for coronary risk in younger patients32. It has also been shown to be a risk factor 

for formation of an abdominal aortic aneurysm33. Clinicians should be aware of this risk factor and pay 

special attention to diastolic blood pressures just as much in the younger PLWD as they do for older 

patients. In SA, Steyn et al. highlighted that the care of patients with DM and hypertension is 

suboptimal34. Strained healthcare systems are a major challenge, especially in Africa, with only 2% of 

patients having good control of hypertension35. It is therefore important to implement effective early 

interventions to manage non-communicable disease such as DM and HPT, especially when they co-

exist.   
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Our study also demonstrated that elevated triglycerides and lower HDL values (in males) were present 

in older patients in the overall patient population. This is commonly found in T2DM and is associated 

with insulin resistance, obesity and metabolic syndrome phenotype36. It is worrying as this increases 

the risk of developing cardiovascular disease and increases the risk of all-cause mortality37. Feingold et 

al. found that approximately 60-70% of patients in the general population with obesity have 

dyslipidaemia38. Bekele et al. assessed this association of obesity and dyslipidaemia in PLWD and 

determined a similar finding39. In our study we found that older age is associated with increasing BMI. 

We postulate that the dyslipidaemia in older patients could be attributed to the increasing BMI values 

rather than due to glycaemic control.  

 

As expected, we found that poorly controlled HbA1c was associated with a longer duration of DM. 

Mamo et al. also found that a duration of DM greater than 7 years led to poorer glycaemic control40.  

This is likely due to progressive damage to insulin ß-cell secretion with time and an increase in insulin 

resistance40. Worsening glycaemic control with increased duration of DM plus advancing age increases 

the risk of cardiovascular morbidity and mortality. In our study, younger patients had significantly 

higher mean HbA1c levels than their older counterparts. Ramanathan et al. highlighted that a long 

duration of DM with poor glycaemic control increases the microvascular complications of DM41.  Petitti 

et al. recommended that poorly controlled glycaemia in younger patients warrants an urgent need for 

effective strategies to improve the metabolic status of patients42. This was confirmed by Toh et al. who 

found that younger patients had poorer glycaemic control than older patients and should receive targeted 

interventions to achieve ‘optimal’ glycaemic control43. Our study findings suggest that more emphasis 

needs to be placed on intervention strategies targeting this group of PLWD this in order to decrease 

long term diabetes-related complications resulting from poor glycaemic control.  

The combination of HIV infection and DM remains a major concern for LMIC. We showed that those 

with an HIV-infection were younger than their HIV-uninfected counterpart, implying longer future 

disease duration. Our study found that the younger PLWDH had poorer glycaemic control. This coupled 

with increased disease duration secondary to young age and availability of ART increases the risk of 

development of diabetes related complications.  

Overall, HbA1c was lower in HIV-infected patients when compared to PLWD without an HIV-

infection. Our results contrasted that of a study conducted in Netherlands which found that PLWDH 

had higher glucose levels and were older6. This is a significant finding in our study and we postulate 

that this improved glycaemic control in HIV-infected patients could be attributed to either the quality 

of a specialised, diabetes clinic which offers co-monitoring of the HIV infection and DM  or could be 

as a result of HIV-infected patients being more compliant to their medication resulting in them taking 

both their ART and DM medication.  
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Within the PLWDH cohort, renal disease occurred at a younger age. Although no histological diagnosis 

of HIV-associated nephropathy (HIVAN) was obtained in these patients, we suspect that this could be 

as a result of an HIV-infection as all patients in the cohort were PLWD. This is important as the 

development of renal disease at a younger age will result in more patients requiring renal replacement 

therapy, placing an increasing burden on the state and its limited resources.  

In addition to this, those with elevated blood pressures were younger in HIV-infected patients compared 

to HIV-uninfected patients. A study conducted by Olaiya et al. found out that younger patients with 

undiagnosed and untreated hypertension had a longer duration of disease during which they developed 

complications from hypertension44. This suggests that regardless of the co-morbidity, undiagnosed and 

untreated disease in youth can have complications later on in life. This emphasises the challenges that 

arise when HIV infection and non-communicable diseases interact.   

LIMITATIONS 

 Not all patients had all results filled in their datasheets. 

 As this was a retrospective study, no causal relationships could be determined; rather, 

associations were defined.  

 A single-centre was utilised in this study. 

 

CONCLUSION 

Younger PLWD have poorer glycaemic control and are likely to develop diabetes-related complications 

later in life. Notably, younger PLWDH also had poorer glycaemic control which places them at 

increased risk from sequelae of both HIV and DM.  This study has served to highlight that more 

emphasis in terms of diabetes education and management needs to be placed in the younger age category 

of PLWD and PLWDH. 
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CHAPTER 4: CONCLUSION 

 

This research project aimed to address two primary aims: firstly, to perform a scoping review on the 

relationship between Age and Diabetes Control in Patients Living with Diabetes Mellitus in an HIV-

endemic area and, secondly, to conduct original research on this topic. 

 

The scoping review highlighted that “varying data exists on the associations between glycaemic control 

and age in PLWD in the context of HIV infection”. It was also suggested in this scoping review that 

“further studies are recommended to determine associations in this regard, especially in LMIC where 

HIV and DM have a higher prevalence”. This highlighted to us that relationships between the above-

mentioned variables are not well understood. This made the research article (Chapter 3) more relevant 

to the study as associations in our setting would offer greater insight to our population.  

 

Our research article determined that “younger PLWD have poorer glycaemic control and are likely to 

develop diabetes-related complications later in life”. We established that it was important to highlight 

that “more emphasis, in terms of diabetes education and management, needs to be placed in the younger 

age category of both PLWD and PLWDH”. By doing this we hope that younger patients optimise 

lifestyle changes (in terms of diet and exercise) as well as medical treatment in order to improve 

glycaemic control to live longer (with fewer complications) thus leading to an improved quality of life.  

 

The latest 2019 International Diabetes Federation statistics suggest that approximately 12,8% of South 

Africans are PLWD1 which is more than double the number of cases since 20172. This shows a 

significant increase in numbers and suggests that greater efforts need to put in place to prevent and 

manage this deadly non-communicable disease. In June 2021, SA was ranked 49th out of 95 countries 

(which was the top ranked African country) according to the ‘Health Care Index by Country 2021 Mid-

Year’ statistics3. Considering the prevalence of DM and HIV throughout the African continent and the 

sample utilised for this study, this suggests that the results obtained from this study will be relevant not 

only locally in SA but also to other countries throughout Africa (and LMIC countries worldwide).  

 

From this study we agree that it is useful to screen all patients for DM and that in younger patients who 

are diagnosed with DM it is imperative to implement strategies to optimise glycaemic control to prevent 
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complications. In the context of a LMIC, we recommend that a holistic approach be utilised in the 

management of DM. Sami et al. highlighted that diet and a sedentary lifestyle are main factors for 

developing DM within LMIC countries4. Although our study is conducted in patients already diagnosed 

with DM, these same factors should be considered in order to prevent worsened glycaemic control. We 

advocate for a healthy diet to be implemented by patients of all ages despite realising that this is not 

always possible in a LMIC country since healthier foods are nearly twice as expensive as unhealthier 

foods5. In addition to this, we recommend that exercise should be done by PLWD in all ages in order 

to promote good glycaemic control. The current recommendation according to the SEMDSA 2017 

guidelines is that exercise should be done for at least 30 minutes a day, 5 times a week6. This is a cost-

effective, non-pharmacological method to manage DM and can be done at all ages. The advice 

recommended is also true for all HIV-infected patients living with DM.  

 

Optimal pharmacological management is another key aspect to maintaining good glycaemic control and 

preventing complications. Efforts to promote this include adherence to medication as well as self-

monitoring of glucose levels7. Again, we recommend that these measures should be done by PLWD of 

all ages. Through good adherence measures and self-monitoring glucose levels, patients would often be 

able to detect higher glycaemic control and inform their healthcare provider – who would then be able 

to appropriately adjust or up-refer in order to optimise pharmacological intervention. By instilling these 

methods from a younger age, it would drastically improve the glycaemic control and ultimately allow 

for PLWD to live longer with fewer complications and have a better quality of life.  
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EXECUTIVE SUMMARY  

The purpose of this retrospective, observational study will be to determine if a relationship exists 

between age and diabetes control in patients presenting to the diabetes clinic at Edendale Hospital in 

KwaZulu-Natal between 1 January 2019 and 31 December 2019.  

 

Diabetes Mellitus (DM) is a chronic, metabolic disease characterised by raised blood glucose levels. In 

2019, there were an estimated 463 million adult patients living with diabetes (PLWD), with this figure 

expecting to reach around the 700 million mark by 2045.  Patients living in low-income and middle-

income countries comprise approximately 79% of global adult PLWD figures, with only 20% of these 

PLWD being older than 65 years. This illustrates that the burden of DM in LMIC countries rests on the 

younger working-age population. Younger age is associated with poorer glycaemic control and also 

implies a longer duration of disease exposure. This often results in increased risks of complications 

which can be encountered in older patients and can drastically reduce life-expectancy by approximately 

10-20 years.  

 

In this study we will assess the effect of age on clinical and biochemical variables in PLWD who visit 

a regional hospital diabetes clinic in Pietermaritzburg, KwaZulu-Natal, South Africa. The results of this 

study can help the government to design and implement strategies to improve current diabetes care in 

patients targeting different age groups.  
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1. BACKGROUND AND LITERATURE REVIEW 

1.1 Defining the Clinical Problem 

Diabetes Mellitus (DM) is a chronic, metabolic disease characterised by raised blood glucose levels1. 

In 2019, there were an estimated 463 million adult patients living with diabetes (PLWD), with this 

figure expected to reach around the 700 million mark by 20452.  

 

Patients living in low-income and middle-income countries (LMIC) comprise approximately 79% of 

the global adult PLWD figures, with approximately 20% of these PLWD being older than 65 years2. 

This contrasts with high-income countries which have greater than 50% of their PLWD older than 65 

years3, illustrating that the burden of DM rests on the shoulders of the younger working-age population 

in these LMIC. These patients living with type 1 and type 2 diabetes already have reduced life 

expectancies of approximately 20 and 10 years respectively4 and DM occurring at a younger age only 

serves to compound the problem of decreasing the life expectancy of the population in these LMIC, 

countries  which are already being burdened  by communicable diseases like HIV infection and 

tuberculosis (TB).  South Africa, classified as a LMIC,  has the highest prevalence of HIV in the world 

at 13%5 with TB being reported as the main cause of mortality in South Africa in 2019, with an 

estimated 58 000 annual TB-attributable deaths6.   

 

1.2 The literature review 

Literature shows us that poor glycaemic control is found in the younger PWLD7,8. Taking this 

abovementioned finding into consideration and that younger patients are generally destined to have a 

longer disease exposure, probably accounts for the increased risks of chronic complications found in 

older PLWD9. In South Africa (SA), it has already been demonstrated that older PLWD have a poorer 

quality of life and greater disability10. In addition to this, those with young-onset type 2 DM (T2DM) 

appear to have a more aggressive disease phenotype, leading to a poorer quality of life and unfavourable 

long-term outcomes9. This highlights the possibility of a public health catastrophe in older PLWD9.  

Efforts should therefore be made to identify areas in diabetes control which can be targeted in the 

various age groups in order to prevent this potential problem.  

 

The landscape of mortality in older patients in SA is transitioning from one of communicable diseases 

(e.g., HIV and TB) to that of non-communicable diseases (NCDs) such as strokes and heart disease11. 

This underscores the importance of DM since strokes and heart disease are recognised macrovascular 
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complications of DM8. Epidemiologically, South Africa has a younger population with only 9.1% of 

the population being 60 years and older11. The working age in South Africa is generally between 15-64 

years12. South Africans between 15-49 years old are faced with additional infectious diseases burden 

that of HIV-infection with a prevalence of 18.7%5 and  TB which is estimated at 615 per 100 000 

population6.  Burgess et al. found that there was greater than three-times higher mortality at 24-month 

follow up in PLWD who were HIV-infected when compared to those who were HIV-uninfected13. In 

addition to this, people with an HIV-infection are more likely to develop T2DM than HIV-uninfected 

patients14. Moreover, DM has been shown to increase the risk of developing TB by 300%15. Estimates 

from 2020 place the average South Africans’ life expectancy at 62.5 years and 68.5 years for males and 

females, respectively11. This suggests that the South African male life expectancy is lower than the 

retirement age of the population while females are expected to demise shortly after retirement age. The 

burden of this collision of non-communicable and communicable diseases in SA and its associated 

increase in earlier mortality, has a significant impact on the working class, thereby reducing economic 

activity in the country.  

 

The prevalence of DM is generally equal between males and females in most populations16. However, 

it has also been suggested that males have a higher prevalence of DM than females across all age 

groups17. It has been traditionally accepted that an age of <40 years is usually associated with T1DM 

while those with an age of >40 years is associated with T2DM18. In a Trinidadian study, age was found 

to be the most significant risk factor for T2DM19. These findings were echoed by Suastika et al. who 

highlighted age as an important risk factor for both T2DM and cardiovascular disease20. This 

underscores the importance of age on DM. In Kwa-Zulu Natal (KZN), SA, Govender et al. assessed a 

cohort of PLWD under 35 years of age and found that the majority of younger patients with DM had 

T1DM and these patients often had a lower BMI than those with T2DM21. No mention of HIV was 

mentioned in the article published by Govender et al.  

 

Elevated triglyceride levels are commonly associated with T2DM22. Gao et al. found that triglyceride 

levels were related to diabetes progression in an elderly Chinese population ≥ 65 years23. This was likely 

due to the elevated triglyceride levels being strongly associated with inadequate glycaemic control in 

PLWD24. Hayashi et al. conducted a study in Japan and suggested that if high-density lipoprotein (HDL) 

cholesterol is well controlled in elderly PLWD then complications such as ischemic heart disease might 

be decreased to the levels found in middle-aged cohorts of PLWD25. Russo et al. found that women 

with T2DM had poorer control of low density lipoproprotein (LDL) than men in general, and that 

discrepancies were more significant in older patients26. Dyslipidaemia is important to diagnose and 

manage as it is a major risk factor for cardio-vascular events27. A study conducted in Johannesburg, SA, 
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assessed lipid levels in Black South Africans with T2DM and found that socio-economic status played 

little role on dyslipidaemia; however, no mention of associations between age and dyslipidaemia were 

present in this study28. In addition to this study, Omodanisi et al. conducted a study in Western Cape, 

SA, on the prevalence of dyslipidaemia in T2DM29. It was found that male and female PLWD had 

dyslipidaemia of 94% and 84% respectively – again, no mention of associations with age were 

described29. Limited data is available on associations between age and dyslipidaemia in a resource-

limited setting, with there being no relationships offered from the above South African studies.  

 

Hypertension (HPT) is twice as frequent in PLWD compared with those without DM30. In young adults, 

elevated blood pressure often precedes the development of DM by 20-25 years31. In older patients, there 

is often age-related stiffening of the major arteries leading to isolated systolic HPT32. This is significant 

as it leads to adverse complications such as strokes, cardiac and renal disease32. Moreover, in Finland, 

elevated diastolic blood pressure has been found in younger PLWD, with the peak in the 40-44 year-

old category33. This type of HPT (diastolic HPT) also leads to increased total and cardio-vascular 

mortality34. A study from India found that co-morbid DM and HPT were associated with older age, 

obesity and dyslipidaemia35. In Mthatha, Eastern Cape, SA, a study conducted on PLWD with co-

morbid HPT highlighted that male gender and age ≥65 years were associated with uncontrolled HPT36. 

Another South African study performed in Mpumza, KZN, assessed that the prevalence of HPT with 

co-morbid DM was 6%, and was higher in older female patients37. This KZN study was, however, 

conducted on a general population rather in PLWD. Limited data is available on associations between 

DM and HPT in a cohort of PLWD factoring in age with and without HIV-infection. 

 

Older age is associated with increased HbA1c levels38. This is likely due to impaired glucose tolerance, 

impaired fasting glucose, and an increased prevalence of patients with T2DM39. In Denmark, Ghouse 

et al. studied elderly individuals (≥65 years) with T2DM and determined that the effect of glycaemic 

control (measured by HbA1c) on all-cause mortality depended on the duration of diabetes40. Baptista et 

al. performed a study among Brazilian adults and elderly PLWD and found that patients living with 

Type 1 DM (PLWT1DM) had significantly higher HbA1c levels than PLWT2DM (p<0.01)41. Locally, 

within, Mpumalanga, SA, Masilela et al. concluded that age was a significant determinant of poor 

glycaemic control among PLWD42. There was no mention of the patient’s HIV in Masilela’s study. 

 

Thyroid disease is commonly found in most types of DM and is associated with advanced age, 

particularly in T2DM and underlying autoimmune disease in T1DM43. The prevalence of thyroid 



 

36 
 

disease in females appears to be greater than males and in PLWD44. Ravishankar et al. found that the 

prevalence of thyroid disorders in PLWD was 29% and that those with hyperthyroidism had poorer 

glycaemic control45. They concurred that elderly patients had a greater prevalence of thyroid disease 

than those under 60 years45. A South African study conducted by Pillay et al. determined that there was 

an increased prevalence of thyroid disorders (especially sub-clinical hypothyroidism) in PLWD and this 

was even higher in HIV-infected PLWD (PLWDH)46. This study also suggested that young, overweight, 

female PLWDH were at risk of sub-clinical hypothyroidism46. In our current study we will further assess 

associations in PLWD with co-morbid thyroid disease (PLWDT) in the various age categories by 

factoring in additional variables.  

 

In this study we will assess the effect of age on clinical and biochemical variables in PLWD (within an 

HIV-endemic area) who visit a regional hospital diabetes clinic in Pietermaritzburg, KZN, SA. The 

results of this study can help the government to design and implement strategies to improve current 

diabetes care in patients targeting different age groups.  
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1. RESEARCH QUESTIONS: 

What, if any, is the relationship between age and diabetes control in patients living with diabetes 

mellitus in low-to-middle income countries? 

What will a ‘scoping review’ reveal about what is already known on this topic and what deficiencies 

will be identified ?  
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2. AIMS AND OBJECTIVES  

AIMS:  

 To perform a scoping review of what is currently known on ‘The relationship between age and 

diabetes control in patients with diabetes mellitus in low-to-middle income countries’  

 To determine if there are significant associations in patients living with diabetes (PLWD) 

between age and clinical and biochemical variables.  

 Associations* will be sought between age and: 

o Glycaemic control (HbA1c and random blood glucose) 

o HIV status 

o Demographics (Gender/Family History of Diabetes) 

o Body mass Index (BMI) (kg/m2) 

o Type of DM (Type 1 and Type 2 DM) 

o Dyslipidaemia (Total Cholesterol, Triglyceride, HDL and LDL- Cholesterol) 

o Blood pressure (mmHg) 

o Kidney function (Glomerular Filtration Rate-GFR) 

o Thyroid function (TSH) 

o Electrolytes (Calcium, Magnesium, Phosphate) 

o Social factors (diet adherence, exercise and home glucose monitoring) 

o Microvascular complications of DM (nephropathy, neuropathy, retinopathy) 

o Macrovascular complications of DM (Stroke, IHD, MI) 

 To determine/postulate why these associations occur.  

 

*the author will analyse and choose the best, most relevant associations to include in the study 

 

 

OBJECTIVES: 

In order to achieve the above aims, I will: 

 Utilise relevant electronic search engines to perform a thorough scoping review of what is 

currently known on the association between age and DM. 

 Capture clinical and biochemical variables from the Edendale Hospital diabetes datasheet for 

all patients consulted between 1 January 2019 to 31 December 2019. 

 Use this data to determine any associations that may exist between these variables and age. 
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Variables to be included in the study will include:  

o Mean HbA1c (%) 

o Mean Random Blood Glucose (mmol/l) 

o HIV status (positive or negative) 

o CD4 count (cells/mm3) 

o Duration of HIV diagnosis (years) 

o Duration of antiretrovirals (ARVs) in years 

o Names of ARVs  

o Family History 

 Maternal 

 Paternal 

 Grandmother 

 Grandfather 

 Brother 

 Sister 

o Gender (male/female) 

o BMI (kg/m2) 

o Type of DM (Type 1 or Type 2) 

o Duration of DM (years) 

o Mean Total Cholesterol (mmol/l) 

o Mean Triglyceride (mmol/l) 

o Mean HDL (mmol/l) 

o Mean LDL (mmol/l) 

o Mean systolic blood pressure (mmHg) 

o Mean systolic diastolic blood pressure (mmHg) 

o GFR (ml/minute/1.73m2) 

o Creatinine (mmol/L) 

o Urine dipstick 

o TSH (mIU/L) 

o Calcium (mmol/L) 

o Magnesium (mmol/L) 

o Phosphate (mmol/L) 

o Diet control (yes or no) 

o Exercise (yes or no)  

o Home Glucose Monitoring (yes or no)  
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o Sensory-neuro examination (intact or not) 

o Glaucoma (yes or no) 

o Cataract (yes or no) 

o Non-proliferative retinopathy (yes or no) 

o Proliferative retinopathy (yes or no) 

o Cerebral Vascular Event (yes or no) 

o Ischemic Heart Disease (yes or no) 

o Myocardial Infarction (yes or no) 
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3. METHODS  

3.1. Study design 

A retrospective, quantitative, observational, analytical cohort study will be performed.  

3.2. Setting 

This study will be conducted at the diabetes clinic at Edendale Hospital (EDH) which is a regional 

hospital based in Pietermaritzburg, Kwa-Zulu Natal (KZN).   

3.3. Participant selection and sampling strategy 

Inclusion criteria 

 Data of all patients who attended the diabetes clinic at EDH between 1 January 2019 to 31 

December 2019 will be used in the study. 

Exclusion criteria 

 Incompletely filled datasheets 

The EDH diabetes clinic uses a comprehensive diabetes datasheet for all patients consulted in this clinic. 

This datasheet has been approved by the University of KwaZulu-Natal Biomedical Research Ethics 

Committee BREC - BCA 194/15. Data for my aims will be accessed from this datasheet and captured 

on an Excel document.  

3.4. Measurements 

All data will be captured from the Edendale diabetes datasheet. Any datasheets with missing 

information will be omitted from the analysis.  

3.5. Data Collection and statistical analysis 

The data will be collected and inserted into an Excel datasheet by using patients ‘Folder Number’ and 

not their name to maintain confidentiality.  Continuous variables will be documented as mean values ± 

standard deviations (SD). Numbers (n) and percentages (%) will be expressed for categorical variables. 

Numerical data will be compared using Anova, whilst categorical data relationships will be determined 

using either Chi-square or Fisher’s Exact tests. A p-value < 0.05 will be used as indicator of 

significance. Data will be analysed by Statistical Package for Social Science (SPSS) version 25 for 

windows (SPSS Inc., Chicago, IL, USA).  

When analysing the data, age will be analysed in the categories of 13-18 years, 19-30 years, 31-45 

years, 46-60 years, 61-75 years and 76+ years.  
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3.6. Sample size, statistical power and variable selection 

Data of all patients who meet inclusion criteria will be captured for the study time period 1 January 

2019 till 31 December 2019.  
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4. ETHICAL CONSIDERATIONS 

4.1. Community participation  

Gatekeeper permission will be required from EDH and the Department of Health to use data from their 

diabetes clinic (see below for Gatekeeper permission) 

4.2. Social Value  

A local study would be useful in providing patients with knowledge of how age affects diabetes control 

in the South African context. The results of this study can help the government to design and implement 

strategies to improve current diabetes care in patients targeting different age groups. 

4.3. Scientific validity  

The datasheets will be analysed and it will be subjected to statistical analysis taking into account the 

aims of the study. 

4.4. Fair selection of participants  

All patients who meet the inclusion criteria will be included in the study.  

4.5. Risk/benefit balance  

Biologically, there is will be no risk or discomfort on any patients that will result from this study.  

Psychologically, no fear/distress/anxiety will be experienced by patients as this is a retrospective study.  

Socially, all patients will be identified by their ‘Folder Number’ when capturing data thereby 

maintaining confidentiality of patients’ details.  

4.6. Independent ethic review 

Ethics approval will be obtained from BREC prior to conducting the study.  

4.7. Informed consent 

No informed consent will be required as the data required will be retrospective and taken from 

datasheets. 

4.8 Ongoing respect for participants 

Data will be processed without using the patients’ name or details which can identify them to protect 

their confidentiality.  
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5. METHODOLOGICAL CHALLENGES AND STUDY LIMITATIONS  

 

Obtaining a representative sample and an adequate sample size: The study will use the datasheet, 

approved by BREC, which is used for all patients who attended the EDH diabetes clinic. It will sample 

a 12-month period which should offer an adequate representation and sample size of the population.  

Managing missing data from datasheets: Not all sheets will have all data filled in. Due to this, those 

which are incompletely filled will be excluded from the study.  
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6. FEASIBILITY 

6.1. Time lines and project management 

Tasks Time period 

Topic and literature review 20 January –10 February 2021 

Protocol  15 February – 31 March 2021 

Scoping review 1 April – 30 April 2021 

BREC approval 1 May – 31 May 2021 

Permission from EDH 1 June – 15 June 

Data capturing 15 June – 30 June 2021 

Statistical analysis 1 July – 31 July 2021 

Results and Discussion 1 August – 31 August 2021 

 

6.2. Study team, contributors and authorship.  

Name Department Contribution Author or 

acknowledgement 

RR Chetty 2nd year Intern, 

Addington Hospital, 

KZN 

Concept Sheet, 

Protocol, 

BREC approval 

Permission from EDH 

Results and Discussion 

Author 

Professor S.  Pillay Department of Internal 

Medicine at King 

Edward Hospital 

(KEH), Clinical 

Lecturer NRM SCM, 

UKZN 

Supervisor – make 

recommendations for 

all work 

 

Supervisor  

 

6.3. Participating Centres 

Diabetes Clinic, Edendale Hospital 

6.4. Study Funding and Progress 

ITEM DESCRIPTION COST 

Registration Fees R4 000 

Data Capturer R4 000 

Statistician  R4 000 

Transport costs  R1 500 

Stationary and Printing R1 000 

Publishing costs (for possible publication in 

peer-reviewed journals)  

R20 000 

Sundry expenses R1 500 

TOTAL COST R36 000 
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7. STUDY SIGNIFICANCE 

In this study we will assess the effect of age on clinical and biochemical variables in PLWD who visit 

a regional hospital diabetes clinic in Pietermaritzburg, KwaZulu-Natal, South Africa. The results of this 

study can help the government to design and implement strategies to improve current diabetes care in 

patients targeting different age groups.  
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8. APPENDICES  

 

APPENDIX 1: EDENDALE HOSPITAL DIABETES CLINIC DATASHEET 

  










