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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 HIVV-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 (HbAlc) 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 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 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 years®. 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, respectively*. 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%?°, while TB was identified as the main cause of mortality in South
Africa in 2019 with an estimated 58 000 deaths®.

Literature has shown us that younger age is associated with poorer glycaemic control”8. Considering this as well
as younger patients experience a longer duration of DM, it would explain why there are increased complications
in older patients®. In South Africa, it has already been demonstrated that older PLWD have a poorer quality of life
and greater disability'®. 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 outcomes®. This
highlights the possibility of a future public health catastrophe®. 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 disease!!. 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 older*!. The working age in South
Africa is between 15-64 years.?? In addition, among those South Africans who are between 15-49 years old,
approximately 18.70% have HIV-infection® while the prevalence of TB is estimated at 615 per 100 000
population®. 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-uninfected®. Furthermore, DM has
been shown to increase the risk of developing TB by 300%?!“. Estimates from 2020 place the average South

Africans’ life expectancy at 62.50 years and 68.50 years for males and females, respectively®!. 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.

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: Patients living in low- and middle-income countries (LMIC) comprise approximately 79% of
the global number of adult patients living with diabetes (PLWD). In addition, South Africa (SA), a LMIC,
has the highest prevalence of HIV infection globally (13%). The literature suggests that poor glycaemic
control is found in the younger PLWD while older PLWD have a poorer quality of life with greater disability.
With the effective roll-out of anti-retroviral treatment (ART), patients are living longer and can develop
diabetes mellitus as a result of longevity, ART and the HIV infection itself. Assessing the relationship
between age in PLWD and HIV would help in developing effective strategies that can be implemented to
optimise healthcare for this cohort of patients.

Objectives: A study was undertaken to summarise publications on age and glycaemic control in PLWD within
the context of an HIV infection.

Methods: A scoping review was performed using online medical journal search engines with specific search
terms according to the PRISMA guidelines. The Abstracts of articles were read and articles that matched the
search criteria were downloaded and read in full. If they matched the chosen topic, they were summarised for
analysis.

Results: There were 260 results found across 3 medical search engines (55 from Cochrane; 59 from PubMed;
101 from Scopus). A Google search was conducted for completeness (45 results). Seventeen journal articles
were identified for the scoping review with 45 095 patients included in these studies from 7 countries.
Associations between age and glycaemia differed greatly, being dispersed among the ‘older age has worse
glycaemia category’, ‘non-significant category” and ‘older age has improved glycaemia category’.
Conclusion: Varying data exist on the associations between glycaemic control and age in PLWD in the
context of HIV infection. Further studies are recommended to determine associations in this regard, especially
in LMIC where HIV and DM have a higher prevalence.

Keywords: age, diabetes mellitus, glycaemic control, HIV, LMIC
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Background

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 2045.2

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.? This contrasts
with high income countries (HIC), where the majority of such patients are older than 64 years,’
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 respectively* 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.®

Literature from both HIC and LMIC countries show us that poor glycaemic control is found in the
younger PLWD.”® 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.? In SA, it has already been demonstrated that older PLWD have
a poorer quality of life and greater disability.° 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.® This serves to highlight the burden on the health system of DM in older patients.®
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.qg.
HIV and TB) to that of non-communicable diseases (NCDs) such as strokes and heart disease.!! This
underscores the importance of DM, as strokes and heart disease are well recognised macrovascular
complications of DM.® Epidemiologically, SA has a younger population with only 9.1% of the
population being 60 years and older.'! The working age in SA is generally defined as between 15 and
64 years.'? 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%?%) and TB, which is estimated at
615 per 100 000 population.® 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.* Moreover, people with an HIV infection are more likely to develop T2DM than

HIV-uninfected patients.** Furthermore, DM has been shown to increase the risk of developing TB by
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300%.% Estimates from 2020 place the average South African life expectancy at 62.5 and 68.5 years
for males and females respectively.! 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 (‘HbAlc’ 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.

g
e
:g Records identified through Additional records identified
o database searching through other sources
i=
= [m=215) [n =45}
g
| L ] [ ]
o Records after duplicates remowved and excluded by title of article
[m =155}
g
=
E Y
W S A e . Records excluded through the
{n =155 * abstract
R [n =115}
£ v
o ; Full-text articles excluded,
o Full-text articles assessed did not t inclusi
= v elpmikty .| asdid no I:EE. inclusion
criteria
=40
o) {n=23)
S
P
: :
=
o Studies included in
= SCOping review
(n=17)
S

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.

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.}” was the only study to be performed among a complete female cohort while Medapalli et
al.2%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.?%242533 However, other studies suggested that glycaemia worsens with age.?*?3%6-2° To
complicate this, there are also data to support there being no statistically significant differences that

occur between age and glycaemia.i7,1s.2122:30-32

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.
20



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.'®22 This contrasted with SA, where three studies suggested
that there is an inverse relationship between age and glycaemia;?>2832 one study showed no significant
relationship between age and glycaemia® while the last study showed that older patients had poorer

glycaemia.?” Overseas, both studies done in Brazil?® and Iran? 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 | Cou | Regio | Numb | No. of | Gender | Type of | Patient Duratio | Duration | Associations found relevant to
publicat | ntry | n er of | PLW study selection n of | of DM this scoping review
ion partici | DH HIV
pants
1 Glesby | 2010 USA | 6 424 315 Females | Prospect | Women withor | X X HbAlc was lower in PLWHD
et al. urban ive at high risk of compared to HIV-uninfected
[17] sites HIV infection patients while there was no
statistically significant
differences in age.
2 Cohen 2010 Mala | Blanty | 620 65 Both Prospect | Diabetes Clinic | X 7.0 No statistical differences were
etal. wi re ive seen between age and HbAlc
[18] values between PLWD and
PLWDH; neuropathy was
significantly associated with age
or poor glycaemic control
(fasting blood glucose but not
HbAlc)
3 Capeau | 2011 Fran | 47 1046 111 Both Prospect | HIV-infected 3.6 X Age is positively associated with
et al. ce French ive Cohort (0.2—- PLWD compared to
[19] clinics 8.7) normoglycaemic patients;
indinavir caused more
hyperglycaemic episodes
4 Medapal | 2012 USA | New 31072 | 1796 97% X HIV-infected X X PLWDH had lower HbA1c at
lietal. York Male baseline compared to those
[20] without both co-morbidities;

mean age of PLWDH were older
than overall group
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5 Kimet | 2014 USA | New 65 65 Both Retrosp | PLWDH from X X There were no statistically
al. [21] York ective clinic significant differences in age
when estimating glycaemia
6 Burgess | 2014 Mala | Blanty | 357 48 Both prospect | DM Clinic X OR:1.13 | High HbAlc and an HIV-
etal. wi re ive infection are risk factors for
[22] sight-threatening diabetic
retinopathy while age is not
significantly related
7 Roerink | 2015 Nede | Nijme | 518 28 Both Retrosp | HIV clinic 12+7 95 PLWDH were older and had
etal. rland | gen ective higher glucose and HbAlc
[23] S levels
8 Zuniga | 2016 USA | Urban | 186 186 Both Retrosp | HIV Clinic X X Older age was significantly
et al. ective related to optimal HIV and DM
[24] control
9 Pillay et | 2016 SA Pieter | 653 149 Both Retrosp | DM Clinic X 4.29+ Younger patients who were
al. [25] maritz ective 4.65 HIV-infected had higher mean
burg HbA1c levels than older
patients.
10 | Moreira | 2017 Brazi | Rio De | 473 10 Both Retrosp | HIVand TB co- | X X PLWD were older and had a
et al. | Janero ective infection higher median glucose
[26]
11 | Khoza 2018 SA Sowet | 320 106 Both Prospect | DM clinic 535+ 119+ HIV-infected patients were
et al. 0 ive 4.19 5.04 younger and had lower HbAlc
[27] (Duratio levels.
n of
ART)
12 | Somban | 2019 SA East 335 21 Both Cross Newly X X Age <46 is significantly
mu et al. Londo sectiona | diagnosed-HIV associated with fewer HbAlc
[28] n | patients levels >6.5%
13 | Rasooli | 2019 Iran | Tehran | 480 28 Both Cross- HIV- infected 59.0 + X Age greater than 40 was
nejad et sectiona | cohort 35.9 significantly associated with
al. [29] | study, months hyperglycaemia and DM
retrospe
ctive
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14 | Zuniga | 2020 USA | Center | 798 798 Both Retrosp | PLWH and X X No statistically significant
etal. for ective T2DM differences in HbAlc between
[30] AIDS Cross- younger and older patients.
Resear sectiona
ch |
Netwo
rk of
Integra
ted
Clinic
Syste
ms
15 | Pillay et | 2020 SA Pieter 165 Both Cross- DM Clinic 6.5 Median 4 | PLWDH were significantly
al. [31] maritz | 915 sectiona years years; younger than PLWD, there was
burg I (IQR: 3- | IQR:1-8 no statistically significant
10) difference in glycaemia between
when on PLWD and PLWDH
ART
16 | Wallace | 2020 USA | Washi | 5876 1023 Both Observa | HIV Cohort Mean: X In PLWDH, age played no
etal. ngton tional 17.9 significance between well-
[32] longitud years controlled and non-controlled
inal, DM.
Cross-
sectiona
|
17 | Chetty 2021 SA Pieter | 957 146 Both Retrosp | DM Clinic X X Age categories and HbAlc
et al. maritz ective values have an inverse
[33] burg 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 | “non-significant “older age has improved
glycaemia category” category” 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 SA x 1 study
Malawi x 2 studies 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.** 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.®* Quah et al. concurred and suggested that targeted
educational and behaviour modification programmes would be required to effectively manage younger
PLWD.* In the context of an HIV infection, Chetty et al. found a similar association — younger patients
had a higher mean HbA1c than older patients.® Al Lawati et al. highlighted that the poorer glycaemia

seen in younger adults poses a formidable challenge to diabetes care teams.*’
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On the other end of the spectrum, Roerink et al. found that PLWDH were older and had higher HbAlc
levels.® 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.'” 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.® 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 HbAlc levels.!” According to Monroe et al., HbAlc has been found to
underestimate glycaemia in HIV-infected patients (both males and females).®° 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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Conclusion

Varying data exist on the associations between glycaemic control and age in PLWD in the context of
HIV. Further studies are recommended to determine associations in this regard, especially in LMIC
where HIV and DM are highly prevalent.

Disclosure statement — No potential conflict of interest was reported by the authors.
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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)



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]
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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 (HbALlc) 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 HbAlc>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<60mI/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, HbAlc, HIV



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 yearst. In 2019, there were approximately 463 million PLWD and 4,2 million deaths that were related
to diabetes mellitus (DM)*. These numbers are expected to rise to 700 million by 20452, 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 control*®. This finding was
contrasted by Roerink et al. who determined that older PLWD had poorer glycaemic control in a study
conducted in Netherlands® while Zuniga et al. found that there were no statistically significant
differences in HbAlc values between older and younger adults’. Additionally, a South African study
showed that PLWD who were HIV-infected (PLWDH) were younger and had a lower mean HbAlc
level®. 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’®. In another South African study, Werfalli et al. determined that older PLWD have
a poorer quality of life and greater disability®. This is likely attributed to older PLWD being at increased

risk for both acute and chronic microvascular and cardiovascular complications related to the disease™°.

With the effective rollout of anti-retro viral treatment (ART), HIV-infected patients can be expected to
have a normal lifespan?!. 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 ART2. 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
PLWD?®, They recommended that additional studies be conducted in LMIC countries where there is a

high prevalence of co-existent HIV and DM*3,



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 HbAlc, 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 (HbAlc) value <7.00% while poor
glycaemic control was defined as HbA1c>7.00%**. 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 HbAlc
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



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.



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 TIDM 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 HbAlc 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 HbAlc 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 HbAlc 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 HbAlc (r=-0.141, p<0.001) while HIV-infected patients had lower mean HbAlc
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 HbAlc 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 HbAlc and HIV revealed non-significant results (p>0.05).
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Table 1: Age and HbAlc levels of patients in the context of an HIV-infection

All patients HIV-Uninfected HIV-Infected

Age Count | Mean Count | Mean Count Mean P values

categories HbAlc HbAlc (%) HbAlc | (HIV-

(years) (%)(=SD) (£SD) (%) uninfected vs.
(=SD) infected)

13-17 15 10.36 (1.96) |15 10.36 (1.96) [ O - -

18-30 81 10.02 (2.24) |75 997(227) |6 10.60 0.511
(1.93)

31-45 167 9.46 (2.19) 120 949 (2.17) |47 9.38 0.772
(2.28)

46 - 60 369 9.73(2.22) |[291 9.90(2.18) |78 9.08 0.004
(2.25)

61-75 273 9.16 (2.30) | 258 924 (2.30) |15 7.97 0.037
(1.87)

=76 52 9.12(2.04) |52 9.12(2.04) |0 - -

P values 0.024 0.026 0.039

(across

various age

categories

in column)

Figure 1: Association between Age and Mean HbAlc
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(C) Type of Diabetes

There were significantly more patients with T2DM vs. TIDM (822 vs. 132: respectively, p<0.001).

Patients living with type 2 diabetes mellitus (PLWT2DM) were significantly older than PLWT1DM
(p<0.001).

In PLWT1DM, younger patients had poorer glycaemic control (HbA1c>7.00%): however,.00 this was
not statistically significant (28.85 years vs. 34.54 years, respectively, p=0.07). The mean age was also
non-significant in PLWT2DM between those with good vs. poor glycaemic control (57.50 years vs.
57.41 years, respectively, p=0.942). The poorer glycaemic control in PLWTIDM compared to
PLWT2DM across the age categories is illustrated in Figure 2.

Figure 2: Association between Age, Type of DM and

mean HbAlc
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A comparison between mean HbA1c¢>7.00% vs. HbA1c<7.00% cohorts in PLWDH revealed that
higher mean HbAlc values were associated with younger patients (47.38 years vs. 52.77 years,
respectively, p=0.013). In those without an HIV-infection, there was no statistically significant
difference between age and glycaemic control. PLWDH were younger than PLWD without an HIV
infection in the cohort with HbA1¢>7.00% (47.38 years vs. 54.18 years, respectively, p<0.001). Those
with lower Cluster of Differentiation (CD4) counts were typically younger patients; however, this was

not significant (p=0.075). The poorer glycaemic control in older HIV-uninfected PLWD is highlighted
in Figure 2.
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Figure 2: Association between Age, Mean HbA1c and HIV-infection
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Overall, PLWD with good glycaemic control had a shorter duration of DM compared to those with sub-
optimal control (7.24 years vs. 10.68 years, respectively, p<0.001). This significant finding was also
observed in the HIV-uninfected group (7.07 years vs. 11.30 years, respectively, p<0.001). However,
this did not occur in the HIV-infected group (7.92 years vs. 7.00 years, respectively, p=0.513). In
addition to this, those with poor glycaemic control had a significantly longer duration of DM if they
were HIV-uninfected (11.30 years vs. 7.00 years, respectively. p<0.001) [See Table 2].
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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 Count | Mean Count | Mean Count | Mean P values
HbAlc duration of duration of duration of | (HIV-
(%) DM (xSD) in DM (xSD) DM (xSD) | uninfected

years in years in years 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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Table 3: Blood pressure and age in the context of an HIV infection

All patients HIV-Uninfected HIV-Infected
SBP Count | Mean agein | Count | Mean agein | Count | Mean age | P values
(mmHg) years (£SD) years (£SD) in years (HIV-
(=SD) uninfected
vs. infected)
<140 567 50.25 (16.54) | 467 51.08 100 46.35 0.009
(17.62) (9.12)
> 140 382 58.27 (12.60) | 336 59.08 46 52.33 0.001
(12.72) 9.97)
p values <0.001 <0.001 <0.001
DBP Count | Mean agein | Count | Mean agein | Count | Mean age | p value
(mmHg) years (£SD) years (£SD) in years
(=SD)
<90 758 54.26 (16.10) | 648 55.32 110 48.01 <0.001
(16.71) (9.81)
=90 191 50.36 (12.89) | 155 50.70 36 48.92 0.457
(13.52) (9.74)
p values 0.002 <0.001 0.629
Figure 3: Line graph to show relationship between age and
blood pressure
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Table 4: Associations between age and GFR in hypertensive vs. non-hypertensive patients

Non-hypertensive patients Hypertensive Patients
GFR Count Mean age in Count Mean agein | P values
(ml/min) years (£SD) years (£SD)
<60 10 45.10 (15.96) 271 64.83 (9.98) <0.001
=60 133 34.83 (12.41) 288 55.99 (11.32) [ <0.001
P values 0.015 <0.001
(G) Dyslipidaemia

Elevated triglycerides levels > 1.7 mmol/L were associated with older age (55.72 years vs. 51.91 years,
respectively, p<0.001). Decreased high density lipoproteins (HDL-cholesterol) levels in males were
also significantly associated with older age (52.64 years vs. 47.78 years, respectively, p=0.032) [See
Table 5].

Table 5: Associations between age and lipids

All PLWD
Total Cholesterol Count Mean age (=SD)
(mmol/L)
<45 444 53.16 (16.50)
>4.5 436 53.97 (14.51)
P value 0.44
LDL (mmol/L) Count Mean age (=SD)
<1.8 154 54.69 (15.64)
>1.8 420 53.64 (15.54)
P value 0.474
HDL (in females) Count Mean age (=SD)
(mmol/L)
<1.2 239 55.37 (15.36)
>12 269 55.67 (14.26)
P value 0.82
HDL (in males) Count Mean age (+SD)
(mmol/L)
<1.0 76 52.64 (16.04)
>1.0 155 47.78 (16.07)
P values 0.032
Triglycerides Count Mean age (+SD)
(mmol/L)
<1.7 497 51.91 (16.74)
>1.7 378 55.72 (13.52)
P values <0.001
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(H) Gender

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

the different age categories.

(1) 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 HbAlc

Negative FHD Positive FHD
HbAlc Count Mean age in years | Count Mean age in P value
(%) (xSD) years (£SD)
<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/I
(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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Table 7: Association between creatinine and age in the context of an HIV-infection

All patients HIV-Uninfected HIV-Infected
Creatinine | Count | Mean age | Count | Mean agein [ Count | Mean age | P values
(umol/1) in years years (£SD) in years (HIV-
(=SD) (=SD) uninfected
Vs.
infected)
<104 625 49.91 531 50.64 94 45.76 (9.63) | 0.005
(15.53) - (16.25)
> 104 273 62.01 227 63.86 46 52.85 (8.60) | <0.001
(11.72) (11.40)
P values <0.001 <0.001 <0.001
Table 8: Association between GFR and age
All patients
GFR (ml/min) Count Mean age in years (£SD)
<60 329 62.59 (11.14)
> 60 500 48.30 (14.42)
p values <0.001
Breakdown of GFR
<15 20 65.75 (9.61)
15-29 78 64.22 (11.90)
30-59 231 61.77 (10.93)

(K) Body Mass Index (BMI)

Patients with a BMI>30kg/m? were typically older than those who had a BMI<30kg/m? (55.92 years vs.

48.12 years, respectively, p<0.001). This association of increased BMI and older age was also seen in

the HIV-uninfected patients (57.17 years vs. 48.08 years, respectively, p<0.001) but did not occur in

HIV-infected patients (p=0.775) [See Table 9]. There was a significant positive correlation noted
between age and BMI in PLWD (1=0.246, p<0.001) [See Figure 4].
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Table 9: Association between obesity and age in the context of an HIV-infection

All patients HIV-Uninfected HIV-Infected
BMI Count | Mean age | Count | Mean agein | Count | Mean age P values
(kg/m?) in years years (£SD) in years (HIV-
(=SD) (=SD) uninfected
VS.
infected)
<30 343 48.12 280 48.08 63 48.29 0.930
(17.21) (18.39) (10.63)
>30 532 55.92 461 57.17 71 47.82 (8.35) | <0.001
(13.57) (13.80)
P values <0.001 <0.001 0.775
Figure 4: Association between BMI and age
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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 control*®. This finding was contrasted by Roerink et al. (Netherlands study) who determined
that older PLWDH had poorer glycaemic control® while Zuninga et al. found that there were no
statistically significant differences in HbAlc between older and younger adults®. In contrast to these,
an Iragi study found that younger patients were associated with poorer glycaemic control®. Our study
yielded results which were similar to this Iraqgi study. A South African study conducted by Khoza et al.
showed that PLWDH were younger and had a lower mean HbA1c level®. Renal impairment decreases
the clearance of insulin, thereby prolonging the half-life of the circulating insulin, resulting in decreased
insulin requirements in PLWD?. 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 TIDM where there is an absolute insulin deficiency®®. Lack of adherence to
insulin in PLWT1DM is frequent with estimates of adherence occurring in 23-77% of patients — with
higher values predicted in LMIC*®. 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 hypoglycaemia?’. Fu et al. suggested that non-adherence
often resulted from a fear of needles or injections in patients? while Patton et al. described how
PLWT1DM have issues relating to their diets which is a cause of poor glycaemic control?. 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 schedule®. 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)?. 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 diet?*. 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)?. 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
intervention?®. 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 mortality?’. PLWD have a 200-400% risk of dying from
CVD?%, while some estimate that it can be as high as 10 times the risk of the general population?. In
patients with hypertension and DM, the CVD risk increases by a further 75%. 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 age®.. 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 patients®. It has also been shown to be a risk factor
for formation of an abdominal aortic aneurysm?®3. 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
suboptimal®*. Strained healthcare systems are a major challenge, especially in Africa, with only 2% of
patients having good control of hypertension®. 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 phenotype®. It is worrying as this increases
the risk of developing cardiovascular disease and increases the risk of all-cause mortality®’. Feingold et
al. found that approximately 60-70% of patients in the general population with obesity have
dyslipidaemia®. Bekele et al. assessed this association of obesity and dyslipidaemia in PLWD and
determined a similar finding®. 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 HbAlc 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 control“.
This is likely due to progressive damage to insulin B-cell secretion with time and an increase in insulin
resistance®®. 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 HbALc levels than their older counterparts. Ramanathan et al. highlighted that a long
duration of DM with poor glycaemic control increases the microvascular complications of DM*. Petitti
et al. recommended that poorly controlled glycaemia in younger patients warrants an urgent need for
effective strategies to improve the metabolic status of patients*2. 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 control®. 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, HbAlc 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 older®. 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 hypertension*4. 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

o Not all patients had all results filled in their datasheets.
e As this was a retrospective study, no causal relationships could be determined; rather,
associations were defined.

e Asingle-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 PLWD?! 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 49" out of 95 countries
(which was the top ranked African country) according to the ‘Health Care Index by Country 2021 Mid-
Year’ statistics®. 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 countries®. 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
foods®. 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 week®. 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 levels’. 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 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 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 years?.
This contrasts with high-income countries which have greater than 50% of their PLWD older than 65
years®, 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 respectively* 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%° with TB being reported as the main cause of mortality in South Africa in 2019, with an
estimated 58 000 annual TB-attributable deaths®.

1.2 The literature review

Literature shows us that poor glycaemic control is found in the younger PWLD"®. 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 PLWD?. In South Africa (SA), it has already been demonstrated that older PLWD have a poorer
quality of life and greater disability’°. 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 outcomes®. This highlights the possibility of a public health catastrophe in older PLWD?®.
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 disease!.

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 oldert. The working age in South Africa is generally between 15-64
years'?, South Africans between 15-49 years old are faced with additional infectious diseases burden
that of HIV-infection with a prevalence of 18.7%° and TB which is estimated at 615 per 100 000
population®. 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-uninfected®. In
addition to this, people with an HIV-infection are more likely to develop T2DM than HIV-uninfected
patients'4. Moreover, DM has been shown to increase the risk of developing TB by 300%?°. Estimates
from 2020 place the average South Africans’ life expectancy at 62.5 years and 68.5 years for males and
females, respectively!. 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 populations®. However,
it has also been suggested that males have a higher prevalence of DM than females across all age
groups'’. It has been traditionally accepted that an age of <40 years is usually associated with TLDM
while those with an age of >40 years is associated with T2DM?8. In a Trinidadian study, age was found
to be the most significant risk factor for T2DM?. These findings were echoed by Suastika et al. who
highlighted age as an important risk factor for both T2DM and cardiovascular disease®. 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 T2DM?:. No mention of HIV was

mentioned in the article published by Govender et al.

Elevated triglyceride levels are commonly associated with T2DM?2, Gao et al. found that triglyceride
levels were related to diabetes progression in an elderly Chinese population > 65 years®®. This was likely
due to the elevated triglyceride levels being strongly associated with inadequate glycaemic control in
PLWD?*, 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 PLWD?®. 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 patients?®. Dyslipidaemia is important to diagnose and

manage as it is a major risk factor for cardio-vascular events?’. 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 study?®. In addition to this study, Omodanisi et al. conducted a study in Western Cape,
SA, on the prevalence of dyslipidaemia in T2DM?%, It was found that male and female PLWD had
dyslipidaemia of 94% and 84% respectively — again, no mention of associations with age were
described®. 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 DM, In young adults,
elevated blood pressure often precedes the development of DM by 20-25 years®.. In older patients, there
is often age-related stiffening of the major arteries leading to isolated systolic HPT®2, This is significant
as it leads to adverse complications such as strokes, cardiac and renal disease®2. Moreover, in Finland,
elevated diastolic blood pressure has been found in younger PLWD, with the peak in the 40-44 year-
old category®. This type of HPT (diastolic HPT) also leads to increased total and cardio-vascular
mortality®. A study from India found that co-morbid DM and HPT were associated with older age,
obesity and dyslipidaemia®. 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 HPT*.
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 patients®’. 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 levels®. This is likely due to impaired glucose tolerance,
impaired fasting glucose, and an increased prevalence of patients with T2DM?3°. 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 diabetes*. 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 HbAlc levels than PLWT2DM (p<0.01)*. Locally,
within, Mpumalanga, SA, Masilela et al. concluded that age was a significant determinant of poor

glycaemic control among PLWD*. 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 TIDM*. The prevalence of thyroid
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disease in females appears to be greater than males and in PLWD*. Ravishankar et al. found that the
prevalence of thyroid disorders in PLWD was 29% and that those with hyperthyroidism had poorer
glycaemic control*®. They concurred that elderly patients had a greater prevalence of thyroid disease
than those under 60 years®. 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)*. This study also suggested that young, overweight,
female PLWDH were at risk of sub-clinical hypothyroidism*. 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.

36



REFERENCES

10.

11.

12.

13.

World Health Organisation. Diabetes. https://www.who.int/health-topics/diabetes# accessed
(25 January 2021).

International Diabetes Federation. About Diabetes. https://www.idf.org/aboutdiabetes/what-is-
diabetes/facts-figures.html# (accessed 25 January 2021)

Asiimwe D, Mauti GO, Kiconco R. Prevalence and Risk Factors Associated with Type 2
Diabetes in Elderly Patients Aged 45-80 Years at Kanungu District. Journal of Diabetes
Research. 2020. https://doi.org/10.1155/2020/5152146

Diabetes.co.uk. Diabetes Life Expectancy. https://www.diabetes.co.uk/diabetes-life-
expectancy.html (accessed 26 January 2021)

Statistics South Africa 2020 Mid-year population estimates
http://www.statssa.gov.za/?p=13453 (accessed 26 January 2021)

TBFacts.org. TB Statistics South Africa — National, incidence, provincial. https://tbfacts.org/tb-
statistics-south-africa/ (accessed 31 January 2021)

Nanayakkara N, Ranasinha S, Gadowski AM et al. Age-related differences in glycaemic
control, cardiovascular disease risk factors and treatment in patients with type 2 diabetes: a
cross-sectional study from the Australian National Diabetes Audit. British Medical Journal
Open 2018;8:020677. doi: 10.1136/bmjopen-2017-020677

Shamshirgaran, S.M., Mamaghanian, A., Aliasgarzadeh, A. et al. Age differences in diabetes-
related complications and glycaemic control. BioMed Central Endocrine Disorders. 2017;17
https://doi.org/10.1186/s12902-017-0175-5

Lascar N, Brown J, Pattison H, Barnett A, Bailey CJ, Bellary S. Type 2 diabetes in adolescents
and young adults. The Lancet Diabetes and Endocrinology. 2018;6:69-80.

Werfalli M, Kassanjee R, Kalula S, Kowal P, Phaswana-Mafuya N, Levitt NS. Diabetes in
South African older adults: prevalence and impact on quality of life and functional disability -
as assessed using SAGE Wave 1 data. Global Health Action. 2018;11(1):1449924. doi:
10.1080/ 16549716.2018.1449924.

Statssa. Protecting South Africa’s elderly. http://www.statssa.gov.za/?p=13445 (accessed 31
January 2021)

Statssa. Quarterly Labour Force Survey — Quarter 3: 2020.
http://www.statssa.gov.za/publications/P0211/P02113rdQuarter2020.pdf (accessed 31 January
2021)

Burgess PI, Harding SP, Kayange PC et al. High mortality in subjects with both diabetes and
HIV in sub-Saharan Africa. AIDS 2018 Sept;32(14):2083-2084 PMCID: PMC6125738

37



14.

15.
16.
17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

HIV info.NIH.gov. HIV and Diabetes. https://hivinfo.nih.gov/understanding-hiv/fact-
sheets/hivanddiabetes#:~:text=People%20with%20HI1V%20are%20more,and%20being%200
verweight%200r%200bese. (accessed 14 February 2021)

Restrepo BI. Diabetes and tuberculosis. Microbiology Spectrum. 2016;4(6). PMID: 28084206
Gale EAM, Gillespie KM. Diabetes and gender. Diabetologia 2001;44:3-15

Cambra K, Galbete A, Forga L et al. Sex and age differences in the achievement of control
targets in patients with type 2 diabetes: results from a population-based study in a South
European region. BMC Family Practice. 2016;144: https://doi.org/10.1186/s12875-016-0533-
9

Diabetes.co.uk. Differences  between type 1 and type 2  diabetes.
https://www.diabetes.org.uk/diabetes-the-basics/differences-between-type-1-and-type-2-
diabetes (accessed 14 February 2021)

Nayak BS, Sobrian A, Latiff K et al. The association of age, gender, ethnicity, family history,
obesity and hypertension with type 2 diabetes mellitus in Trinidad. Diabetes and Metabolic
Syndrome: Clinical Research and Reviews. 2014;8:91-95

Suastika K, Dwipayana P, Semadi MS, Kuswardhani RAT. Age is an Important Risk Factor
for Type 2 Diabetes Mellitus and Cardiovascular Diseases, Glucose Tolerance. InTechOpen.
2012. DOI: 10.5772/52397

Govender P, Elmezughi K, Esterhuizen T, Paruk I, Pirie FJ, Motala AA. Characteristics of
subjects with diabetes mellitus diagnosed before 35 years of age presenting to a tertiary diabetes
clinic in Durban, South Africa, from 2003 to 2016. Journal of Endocrinology, Metabolism and
Diabetes of South Africa. 2018; 23:1, 26-31 DOI: 10.1080/16089677.2017.1417779

Tirosh A, Shai |, Bitzur R et al. Changes in Triglyceride Levels Over Time and Risk of Type 2
Diabetes in Young Men. Diabetes Care. 2008;31(10):2032-2037. PMCID: PMC2551650

Gao Y, Man Q, Jia S, Li Y, Li L, Zhang J. The fasting serum triglyceride levels of elderly
population with different progression stages of diabetes mellitus in China. Journal of Diabetes
and its Complications. 2017;31(12):1641-1647.
https://doi.org/10.1016/j.jdiacomp.2017.08.011.

Zheng D, Dou J, Lie G et al. Association Between Triglyceride Level and Glycemic Control
Among Insulin-Treated Patients With Type 2 Diabetes. The Journal of Clinical Endocrinology
and Metabolism. 2019;104:1211-1220

Hayashi T, Kawashima S, Itoh H et al. Low HDL Cholesterol Is Associated With the Risk of
Stroke in Elderly Diabetic Individuals. Diabetes Care 2009 Jul; 32(7): 1221-1223.

Russo G, Pintaudi B, Giorda C et al. Age- and Gender-Related Differences in LDL-Cholesterol
Management in Outpatients with Type 2 Diabetes Mellitus. International Journal of
Endocrinology. 2015 https://doi.org/10.1155/2015/957105

38



217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Pol T, Held C, Westerberg J et a. Dyslipidemia and Risk of Cardiovascular Events in Patients
With Atrial Fibrillation Treated With Oral Anticoagulation Therapy: Insights From the
ARISTOTLE (Apixaban for Reduction in Stroke and Other Thromboembolic Events in Atrial
Fibrillation) Trial. Journal of the American Heart Association. 2018; 7.
https://doi.org/10.1161/JAHA.117.007444

Joffe BI, Distiller LA, Kalk WJ. Lipid Levels in Black South Africans With Type 2 Diabetes
Dispelling misconceptions. Diabetes Care 2004 Jul; 27(7): 1839-
1840.https://doi.org/10.2337/diacare.27.7.1839

Omodanisi EI, Tomose Y, Okeleye Bl, Ntwampe SKO, Aboua YG. Prevalence of
Dyslipidaemia among Type 2 Diabetes Mellitus Patients in the Western Cape, South Africa.
International Journal of Environmental Research and Public Health. 2020, 17, 8735;
d0i:10.3390/ijerph17238735

Petrie JR, Guzik TJ, Touyz RM. Diabetes, Hypertension, and Cardiovascular Disease: Clinical
Insights and Vascular Mechanisms. The Canadian Journal of Cardiology. 2018 May 34(5):
575-584. PMCID: PMC5953551

Golden SH, Wang NY, Klag MJ, Meoni LA, Bancati FL. Blood Pressure in Young Adulthood
and the Risk of Type 2 Diabetes in Middle Age. Diabetes Care. 2003 April;26(4):1110-1115.
https://doi.org/10.2337/diacare.26.4.1110

National Institute of Aging. High Blood Pressure. https://www.nia.nih.gov/health/high-blood-
pressure (accessed 14 February 2021)

Ronnback M, Fagerudd J, Forsblom C, Pettersson-Fernholm K, Reunanen A, Groop PH.
Altered Age-Related Blood Pressure Pattern in Type 1 Diabetes. Circulation. 2004;110;9
PMID: 15326070

Peters R, Wells F, Bulpitt C, Beckett N. Impact of transiently elevated diastolic pressure on
cause of death: 29-year follow-up from the General Practice Hypertension Study Group.
Journal of Hypertension. 2013 January ;31(1):71-76. Doi: 10.1097/HJH.0b013e32835a4dd8.
Tripathy JP, Thakus JS, Jeet G, Jain S. Prevalence and determinants of comorbid diabetes and
hypertension: Evidence from non communicable disease risk factor STEPS survey, India.
Diabetes  Metabolic ~ Syndrome 2017  Nov;11  Suppl  1:S459-S465.  doi:
10.1016/j.dsx.2017.03.036.

Adeniyi OV, Yogeswaran P, Longo-Mbenza B, Goon DT. Uncontrolled Hypertension and Its
Determinants in Patients with Concomitant Type 2 Diabetes Mellitus (T2DM) in Rural South
Africa. Public Library of Science ONE 11(3): e0150033.
https://doi.org/10.1371/journal.pone.0150033

Kushitor SB, Sanuade A, Baatiema L, Kushitor MK, Afrifa-Anane EK, Awuah RB. Non-
communicable disease comorbidities in KwaZulu-Natal Province, South Africa. South African
Medical Journal 2021;111(2):149-158. https://doi.org/10.7196/SAMJ.2021.v111i2.14744

39



38.

39.

40.

41.

42.

43.

44,

45.

46.

Dubowitz N, Xue W, Long Q et al. Aging is associated with increased HbAlc levels,
independently of glucose levels and insulin resistance, and also with decreased HbAlc
diagnostic specificity. Diabetes Medicine. 2014 Aug;31(8):927-35. doi: 10.1111/dme.12459
Masuch A, Friedrich N, Roth J, Nauck M, Muller UA, Petersmann A. Preventing misdiagnosis
of diabetes in the elderly: age-dependent HbAlc reference intervals derived from two
population-based  study  cohorts. BMC  Endocrine  Disorders.  2019;19,20
https://doi.org/10.1186/s12902-019-0338-7

Ghouse J, Isaksen JL, Skov MW. Effect of diabetes duration on the relationship between
glycaemic control and risk of death in older adults with type 2 diabetes. Diabetes Obesity and
Metabolism. 2019;22(6)DOI: 10.1111/dom.13891

Baptista DR, thieme RD, Reis WCT, Pontarolo R, Correr CJ. Proportion of Brazilian diabetes
patients that achieve treatment goals: implications for better quality of care. Diabetology and
Metabolic Syndrome. 2015;7:113. doi: 10.1186/s13098-015-0107-3

Masilela C, Pearce B, Ongole JJ, Adeniyi OV, Benjeddou M. Factors associated with glycemic
control among South African adult residents of Mkhondo municipality living with diabetes
mellitus. Medicine (Baltimore). 2020 Nov 25;99(48):e23467.doi:
10.1097/MD.0000000000023467.

Johnson JL. Diabetes Control in Thyroid Disease. Diabetes Spectrum 2006 Jul; 19(3): 148-153.
https://doi.org/10.2337/diaspect.19.3.148

Hage M, Zantout MS, Azar ST. Thyroid Disorders and Diabetes Mellitus. Journal of Thyroid
Research. 2011. https://doi.org/10.4061/2011/439463

Ravishankar SN, Champakamlini, Ventakesh, Mohsin. Archives of Medicine. 2013;5;1:2 doi:
10.3823/105

Pillay S, Pillay D, Singh D, Pillay R. Human immunodeficiency virus, diabetes mellitus and
thyroid abnormalities: Should we be screening? South African Journal of HIV Medicine.
2020;21(1),a1116. https://doi.org/10.4102/sajhivmed.v21i1.1116

40



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:

e 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’

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

between age and clinical and biochemical variables.

e Associations* will be sought between age and:

O

O

@)

O

O

Glycaemic control (HbAlc and random blood glucose)

HIV status

Demographics (Gender/Family History of Diabetes)

Body mass Index (BMI) (kg/m?)

Type of DM (Type 1 and Type 2 DM)

Dyslipidaemia (Total Cholesterol, Triglyceride, HDL and LDL- Cholesterol)
Blood pressure (mmHg)

Kidney function (Glomerular Filtration Rate-GFR)

Thyroid function (TSH)

Electrolytes (Calcium, Magnesium, Phosphate)

Social factors (diet adherence, exercise and home glucose monitoring)
Microvascular complications of DM (nephropathy, neuropathy, retinopathy)

Macrovascular complications of DM (Stroke, IHD, MI)

e 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, | will:

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

currently known on the association between age and DM.

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

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

e 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 HbAlc (%)
o Mean Random Blood Glucose (mmol/I)
o HIV status (positive or negative)
o CD4 count (cells/mm?3)
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/m?)
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 (mmHQ)
o GFR (ml/minute/1.73m?)
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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Sensory-neuro examination (intact or not)
Glaucoma (yes or no)

Cataract (yes or no)

Non-proliferative retinopathy (yes or no)
Proliferative retinopathy (yes or no)
Cerebral Vascular Event (yes or no)
Ischemic Heart Disease (yes or no)
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

e 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

e 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 2" year Intern, Concept Sheet, Author
Addington Hospital, Protocol,
KZN BREC approval
Permission from EDH
Results and Discussion
Professor S. Pillay Department of Internal | Supervisor — make Supervisor
Medicine at King recommendations for
Edward Hospital all work
(KEH), Clinical
Lecturer NRM SCM,
UKZN
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 R20 000
peer-reviewed journals)
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
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APPENDIX 2: BIOMEDICAL RESEARCH AND ETHICS COMMITTEE
(BREC) APPROVAL LETTER

INYUYVES

UNIVERSITY OF ™
‘i" KWAZULU-NATAL
e, YAKWAZULU- NATALI

21 Auggust 2011

O Runbern Ruvachin Chetty (214516475)
School of Clinical Wedicine
Medical Schosl

Dear Dr Chatry,

Protocel referencs number: BREC/O0002645/2021
Progect 10tle: The Relationship betweens Age and Diabwtes Control i Patients Livieg with Diabetes Mellite in
Low-1o-Middle lncome Countr e
Dagres: Miedic
EXPEDITED APPLICATION: APPROVAL LETTER

Asubsconmmmtles of the Blosedcal Research Ethics Comeiimos hat cons idered and nobed your apelicaton.

The conditiond have beas met and the udy i given full ethecs approwal and may Degen ai from I Auguit 2021, Pledie ansue
that atslandaj Wile pirmbson i oblaned and Mrwarded 1o BREC for approval bilons commancng rireanch ot 4 siti.

Tha approeal Y subject L= national and UKIN o b orar regulatsons, e
(erp:Mirvenearch. ubken ac sa/librarkes BRECBREC_Amended_Lochdown_Level _3_Gubdeline il sk ). Hazed on
fewdiback {rom some sk, we or e P b show semitivity and exercise apprope ate conuderalon ot sites whene persennel
and Wervice e ppear Wreiked o overibaded.

This approwal b valid for o piar from 21 Augest 2001, Ts efsure unisberupbed approwil of this sludy Bepend the approwal
wepiry date, an application for recertdicalion sesl be subsmited 1o BRED on the appropriate BREC form 2-3 mosths bedone the
xpiry date.

Ady amendments 1o this dtudy, uslins agemily reguined 10 emore alety of pamicipants, Ml be agprowind by BREC prer 1o
gl Lal e

Your acceptance of Uhis approval denotes your cormpliance with South African Mational Redearch Exhies Guldelinss (1015),
South Alvican Rational Geod Cliscd Praction Guideles (20004 (if applicabla) and with UKIN BREC ethics regquiraments i
conlained n the UKIN EBREC Terrms of Refrendce and Stasdard Opevatey Precedure, all avelable =t
httpe /) e ch uban. ae e R anch-Eth ks Biernadical - Riseds ch-Ethics. anpre.

BREC & rewstened with the South Afncen National Health Research Exvies Council (REC 250408009 ). BREC has LS Office for
Humin Rereanch Protection (OHRP) Federal - wide Asiurance (FWA 47E).

The suls-conmmmities’s dectian will be noted by & full Committee & 15 nit imeeting Laking place on 14 September 2001,

Yourt siecenely,

Pred D Wasiesdar
Chatr: Bromedical Resewrch Ethics Comesiitew

Bomnsdcsl Ressarch Ethics Commites
Chair: Professor DRW
UKIN Ressarch Divics Ofce Weaivile Campus, Gowen Nbeld Bullding
Powtsl Adcdress: Privete Sag X24001, Durban 4000

Emad: DILCO e
Webmits: it (ressarce ucm sc 23 Pavesrch £ hyouBiomed ca-Nessarch Eivcs sapa

Poasdeg Corosies. 8 Bigeweod W Hewted Cobegpe Medhcd S heol - Meternaiitbuag - Ml

INSPIRING GREATNESS
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APPENDIX 3: KWA-ZULU NATAL DEPARTMENT OF HEALTH
APPROVAL LETTER

KWAZULU-NATAL PROVINCE

HEALTH
REPUBLC OF SOUTW AFRICA

DIRECTORATE:

reaih Resasrch & Knowsedge N snagermenyt Une

Tt O AL s lre il Fax 33330437
Cmad pcxtrenz hrem@acrheslh gov 1

NHRD Ref: KZ_202107_020
Dear Dr R R Chetty
(UKZN)

Approval of research
1. The ressarch proposal Stied ‘The Relationship between Age and Diabetes Comtrol in Patients

Living with Diabetes Mellitus in Low-to-Middie Income Countries' was reviewsd by the KwaZubu.
Natal Depariment of Health (KZN-DoM).

The proposal is hereby approved for research to be undertaken at Edendale hospital

2. You are requested lo take note of the following:

a AV research conducted w1 KwaZuis-Natal mus! comply with governmen! reguiations relatng o
Covid-18 These include but are nof Amited 10 reguiations concermning sociay distancing, the wearing
of parsonal prodaciive equipment, and Amdations on meefings and soclal gathanngs

b. Kindly Asise with the faciity manager BEFORE your research begins in order fo ensure fthaf
conditions in the facilty are conducive fo the conduct of your research. These include, but are not
Amited fo, an assurance that the numbers of patients aftending the facily are sufficent fo support
your sampie size requirements, and that the space and physical infrastruchure of the facility can
accommodate the ressarch feam and any additonal equipment required for the research.

c. Please ensure that you provide your lefter of ethics recertificaton fo this unt, when the current
appvoval expires

d. Provide an interim progress report and final report (efectronic and hard copres) when your research
/s complete 1o MEALTH RESEARCH AND KNOWLEDGE MANAGEMENT, 10102, PRIVATE
BAG X9031, PIETERMARITZBURG, 3200 and emal an electonic copy fo
hrkm@kanhealth gov_za

e. Please nofe ihat the Department of Health shal no! be held kable for any inury that occurs as a
resuft of this study.

For any additional informabion please contact Ms G Khumalo on 033-385 3189

Yours Sincerely

Dr E Lutge
Chakperson, Health Research Commitiee

Cote az Sgmor 20327

GROWING KWAZULUNATAL TOGET™ER
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APPENDIX 4: EDENDALE HOSPITAL (GATEKEEPER) APPROVAL
LETTER

KWATULU-NATAL PROVINCE

HEEALTM
NEPUBLIC OF SOUTH AFRIGA

DIRECTORATE:
Bl ik Husrl: NEMMCAL SESVICES
LEPEE Sty Ae iy Kase, Mavicasr 3210
el X1 355 4 (D5
Enquires: M NF WMoeis

Tel Mo 023 3554042
Diate: 20 July 2021

Dr Chetty

University of KwaZulu-Natal
College of Health Sciences
School of Clinical Medicine

Dear Dr Ghetty

RE: THE RELATIONSHIP BETWEEN AGE AND DIABETES CONTROL IN PATIENTS LIVING WITH DIABETES
MELUTUS IN LOW-TO-MIDOLE INCOME COUNTRIES

, Your request dated 03 May 2021 is acknowledged and refers

I hava pleasure in informing you thal permission has been granted by Edendale Hospital o
conduct regaarch.

Plegse note the ollowing.

1. Pleasa ensure that you adhare o all the polichas, procadures, protocaols and guidelines of
the Daparimant of Health with regards to this research.

2. Tha Hospital wil nat provide any resaurces for this research,

2 You will be expected to provide feedhack oo your findings to Edandale Hosgital.

4. You will alsa be expacted 1o nolify the Medical Manager's affice priar start date of the
rasearch.
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