HIV/AIDS - Research and Palliative Care Dove

REVIEW

Management of Type 2 Diabetes Mellitus and
Kidney Failure in People with HIV-Infection in
Africa: Current Status and a Call to Action

. I s ; I 2 . 4 4
Nicola Wearne (', Bianca Davidson', Marc Blockman (®~, Jackie Jones 3, lan L Ross”, Joel A Dave

'Division of Nephrology and Hypertension, Department of Medicine, Groote Schuur Hospital and University of Cape Town, Cape Town, South
Africa; 2Division of Clinical Pharmacology, Department of Medicine, Groote Schuur Hospital and University of Cape Town, Cape Town, South Africa;
3Medicines Information Centre, Division of Clinical Pharmacology, Department of Medicine, Faculty of Health Sciences, University of Cape Town,
Cape Town, South Africa; “Division of Endocrinology, Department of Medicine, Groote Schuur Hospital and University of Cape Town, Cape Town,
South Africa

Correspondence: Joel A Dave, Division of Endocrinology, Department of Medicine, G13, G-Floor, Groote Schuur Hospital, Observatory, Cape Town,
7925, South Africa, Tel +27 21 4042135, Email joel.dave@uct.ac.za

Abstract: There is an increasing global burden of diabetes mellitus (DM) and chronic kidney disease (CKD), coupled with a high
burden of people with HIV (PWH). Due to an increased lifespan on ART, PWH are now at risk of developing non-communicable
diseases, including DM. Africa has the greatest burden of HIV infection and will experience the greatest increase in prevalence of DM
over the next two decades. In addition, there is a rising number of people with CKD and progression to kidney failure. Therefore, there
is an urgent need for the early identification and management of all 3 diseases to prevent disease progression and complications. This
is particularly important in Africa for people with CKD where there is restricted or no access to dialysis and/or transplantation. This
review focuses on the epidemiology and pathophysiology of the interaction between HIV infection and DM and the impact that these
diseases have on the development and progression of CKD. Finally, it also aims to review the data on the management, which stems
from the growing burden of all three diseases.
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Introduction

The global prevalence of human immunodeficiency virus (HIV) infection continues to place a significant burden on
healthcare systems, especially in sub-Saharan Africa (SSA), with South Africa remaining the epicentre. In addition,
the impact of the COVID-19 pandemic has seen an increase in annual HIV infections in many countries and
a decline in targets for prevention and treatment.' The introduction of antiretroviral therapy (ART) has resulted in
a significant decline in the morbidity and mortality of people with HIV (PWH). With this increased life span, PWH
are at risk of developing non-communicable chronic diseases, similar to those of the general population. The
collision of the three pandemics, DM, HIV and kidney failure (KF) has significantly impacted on morbidity and
mortality, as well as treatment costs. In areas where HIV infection is most prevalent, there is also restricted access to
kidney replacement therapy (KRT). Therefore, this review seeks to address the epidemiology and pathophysiology
of the interaction between HIV infection and DM and the impact that these diseases have on chronic kidney disease
(CKD) progression. It also aims to discuss the implications for management, which stems from the growing burden
of all three diseases.

Global Burden of Diabetes
Type 2 DM (T2DM) is one of the fastest growing global health emergencies of the 21st century. According to the

International DM Federation (IDF), the global prevalence of DM in adults aged 20-79 was 10.5% in 2021, with an
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estimated 537 million adults living with DM. This is projected to increase to 783 million by 2045.7 Over the next 10-20
years the greatest increase in prevalence is expected to occur in Africa and, already, 80% of people with DM (PWD) are
living in low- and middle-income countries (LMICs). DM is considered a leading cause of disability adjusted life years
(DALY35s), together with DM-related deaths estimated at 6.7 million worldwide in 2021. In LMICs, most of these deaths
occur in people <60 years of age. The direct costs of managing DM are prohibitive for many economies. The global
health expenditure due to DM has grown from USD 232 billion in 2007 to USD 966 billion in 2021 for adults aged 20—
79 years.” In many countries in Africa, especially South Africa, the financial burden of managing the morbidity from DM
falls on a healthcare system already struggling with the burden of infectious diseases such as HIV and tuberculosis.
A cost of illness study in the public sector in South Africa in 2018 showed the annual direct costs due to T2DM to be
ZAR 2.7 billion if diagnosed and ZAR 21.8 billion if undiagnosed with an estimated increase in annual total costs to
ZAR 35.1 billion by 2030.> A major challenge in Africa is that over 1 in 2 (54%) PWD are undiagnosed on the
continent.* In addition, those who are diagnosed often do not receive adequate care due to poor access to healthcare
services, lack of resources, and low awareness levels.

Global Burden of CKD

CKD contributes significantly to the annual global mortality. This is particularly concerning, given the lack of access to
KRT in many LMICs.” In 2017, there was an estimated 843.6 million people reported to have CKD worldwide.® Between
1990 and 2017, CKD caused an increase in mortality of 41.5% globally, resulting in it becoming the 12th leading cause
of death globally.” A systematic review and meta-analysis (including 100 studies) revealed the global prevalence of CKD
stages 1-5 to be 13.4% and 10.6% for CKD stages 3-5.% In 2017, there were 35.8 million DALY attributed to CKD,
with almost 33% due to diabetic kidney disease (DKD). The CKD burden predominates in the three lowest quintiles of
socio-demographic indices. Given their level of development, the burden of CKD was much higher than expected in
Oceania, SSA, and Latin America.” More effective and targeted preventative interventions to reduce the CKD burden
particularly addressing risk factors including DM, are urgently needed.

Impact of DM on CKD

The global prevalence of T2DM is increasing due to the rapidly increased prevalence of obesity, metabolic syndrome,
and westernization of lifestyle. DKD is a microvascular complication of both type 1 DM (T1DM) and T2DM.
Approximately 40% of people with T2DM will develop DKD which is associated with a high mortality.” Although
CKD may be the most recognizable consequence of DKD, most patients actually die from cardiovascular diseases and
infections before needing KRT.'® Early detection and adequate treatment of DM can slow DKD progression; however, it
still accounts for approximately 50% of cases of KF in the developed world. There are limited epidemiological data on
CKD in PWD living in low and middle-income countries (LMICs). A systematic review on studies from Africa showed
the prevalence of CKD in people with TIDM and T2DM varied from 11% to 83.7%."" Incident event rates were 34.7%,
94.9%, and 18.4% for KF at 5 years, proteinuria at 10 years and for mortality from nephropathy at 20 years of follow-up,
respectively. These figures suggest a greater incidence of DKD in Africa. Common determinants of DKD were duration
of DM, blood pressure (BP), increasing age, obesity and glucose control.''

Impact of HIV Infection on CKD

HIV was first deemed an epidemic in the 1980s and remains an important contributor to the burden of disease,
particularly in Africa. In 2020, there were 37.7 million PWH globally with 1.5 million new cases during that year.
East Africa and SSA had the highest disease burden." PWH have an increased risk of developing both acute kidney injury
(AKI) and CKD.'? ART has significantly altered the spectrum of kidney disease seen in this population.'*'> There has
been a steady decline in HIV-associated nephropathy (HIVAN) since the introduction of ART, without which there is
a rapid decline to KF requiring KRT.'® A systematic review and meta-analysis showed the prevalence of CKD in PWH to
be 6.4% globally but SSA had the highest prevalence at 7.9%."”
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Impact of Both HIV Infection and DM on CKD

With the improved access to ART and increased life expectancy, PWH are now contributing to the global prevalence of
noncommunicable diseases (NCDs), including DM. In a systematic review and meta-analysis by Ekrikpo et al, socio-
demographic and clinical factors such as gender, age, co-infections with hepatitis B and hepatitis C did not significantly
affect the CKD estimates. However, CKD prevalence was significantly increased with comorbid hypertension (MDRD:
20.7% [95% CI 14.3-27.8%] vs not hypertensive 5.4% [95% confidence interval (CI) 3.4-7.9%]; p < 0.001) and DM
(MDRD: 19.4% [95% CI 13.5-26.0%] vs non-DM 8.4% [95% CI 5.5-11.8%]; p < 0.001).'” In addition, the combination
of HIV and DM led to an increased risk of progression compared to either alone.'® In South Africa, the HIV Directorate
and HIV Clinician’s Society have made concerted efforts to upskill clinicians at primary level care to better manage
NCDs within HIV clinics. Primary care guidelines have been developed to assist with this process coupled with a HIV/
TB hotline to allow real-time conversations to assist with care. These initiatives could be adopted for other high burden
regions on the continent.

Pathophysiology of DKD

The combination of hyperglycaemia, haemodynamic changes and ischaemia results in the activation of the renin-
angiotensin-aldosterone system (RAAS), oxidative stress and ultimately fibrosis.'® The hallmark structural abnormalities
include mesangial expansion, fewer podocytes, progressive thickening of the glomerular basement membrane and
development of Kimmelstiel-Wilson nodules.*

Incipient DKD results from afferent arteriolar vasodilatation and an increase in efferent arteriolar resistance, thereby
raising intra-glomerular pressure resulting in hyper-filtration.”! Angiotensin II, endothelin-1 and urotensin II cause
vasoconstriction of the efferent arterioles, resulting in the production and release of pro-inflammatory and pro-fibrotic
mediators. These haemodynamic alterations are important for the development of glomerulosclerosis and proteinuria.*>

In view of the high-filtered glucose load, both sodium chloride and glucose are reabsorbed in the proximal tubules,
through up-regulation of the sodium glucose co-transporter 2 (SGLT2). As a result, there is decreased delivery of sodium
to the macula densa, dilating the afferent arterioles. There is simultaneous vasoconstriction of the efferent arteriole, due
to activation of RAAS and down-stream activation of angiotensin II, giving rise to glomerular hypertension.*®

Both hyperglycaemia and hyperinsulinaemia are central to the development of endothelial dysfunction with a direct
relationship between the extent of hyperglycaemia and tissue damage.>* A complex interplay between endothelial
dysfunction, protein kinase C and the polyol pathway results in increased reactive oxygen species, stimulation of
advanced glycation end products, pro-inflammatory cytokines and chemokines leading to an inflammatory cascade.
This culminates in vasoconstriction and kidney ischaemia, oxidative stress, podocyte injury and apoptosis, and ultimately
fibrosis.*> 2’

Activation of the RAAS is responsible for the progression of DKD. Angiotensin II and transforming growth factor 1
are intimately involved in kidney fibrosis and tubular dysfunction.** Damage to the basement membrane in the
glomerular wall of the kidney leads to abnormal excretion of albumin and it is also responsible for the deposition of
extracellular matrix proteins, particularly type IV collagen.®!

The Association Between HIV Infection and the Development of DM

Data showing a direct link between HIV infection and the development of DM are conflicting and dependent on the
population studied.**** However, a systematic review and meta-analysis assessing the incidence and prevalence of
T2DM with HIV infection in Africa showed no association between the prevalence of T2DM and HIV infection or
ART.?>* PWH are now living longer and are at risk of developing the metabolic sequelae associated with a westernised
lifestyle and aging, similar to those without HIV infection. Since 2016, the World Health Organisation (WHO) have
recommended the initiation of ART at diagnosis; therefore, it is now difficult to dissect the contribution of HIV infection
itself to the development of DM in PWH. Since the prevalence of DM is increasing globally in all populations, it is likely
that traditional risk factors such as high carbohydrate intake, obesity, aging and sedentary lifestyle will contribute more to
the risk of developing DM than HIV infection itself.

HIV/AIDS - Research and Palliative Care 2023:15 https: 521

Dove:


https://www.dovepress.com
https://www.dovepress.com

Wearne et al Dove

The Association Between ART and the Development of DM
Glucose dysregulation is a well-documented consequence of the treatment of HIV infection when using the initial types
of ART, with a number of cross-sectional studies of variable size documenting a high prevalence of insulin resistance,
impaired glucose tolerance (IGT) and overt DM amongst patients receiving these types of ART.*>® Although protease
inhibitors (PIs) have often been the main culprits, there is evidence also implicating the use of nucleoside reverse
transcriptase inhibitors (NRTIs) and non-nucleoside reverse transcriptase inhibitors (NNRTIs).**3® The Multicenter Aids
Cohort Study reported a 4 times greater incidence of DM in men with HIV on ART than that of men without HIV.*
However, a recent meta-analysis of 9 studies (n = 13,742 PWH) failed to show an association between Pls and the
development of DM but did show an association with the development of the metabolic syndrome [(RR: 2.11; 95% CI
1.28-3.48; p-value 0.003)].*° The mechanisms of glucose dysregulation caused by the initial types of ART have been
well studied in vitro. PIs, as a class, have been shown to selectively inhibit the transport function of Glut4, a major
glucose transport molecule.*' Both PlIs and NRTIs increase pro-inflammatory cytokines such as TNF-q, IL-1p and IL-6
from adipocytes, thereby causing insulin resistance.*>** In addition, there is some evidence that stavudine decreases
adiponectin, a peptide hormone secreted by adipocytes which correlates directly with insulin sensitivity.**
Contemporary ART is considered to be more “metabolically friendly” than the initial types of ART. The integrase
strand transfer inhibitors (INSTIs), the first-choice ART recommended by the WHO, have been associated with weight
gain.*> In the ADVANCE Study, Venter et al showed a significant increase in weight over 48 weeks in men and women
using a dolutegravir (DTG)-based regimen when compared to those using a standard non-DTG-based regimen.*® Meta-
analyses and systematic reviews have not shown an increased risk of developing DM when using an INSTI, despite the
weight gain associated with their use. In a meta-analysis and systematic review by Kajogoo et al, that included 10 studies
(n = 62,400 participants), participants on INSTI-based regimens were shown to have a similar incidence of DM to those
on other ART regimens.*’ In fact, Mulindwa et al showed in their meta-analysis of 13 pooled studies (n = 72,404) that
there was a lower risk of incident DM with exposure to an INSTI than to any other ART (RR 0.80, 95% CI 0.67 to 0.96,
12 = 29%).*® However, they also showed that there was an increased risk of DM in PWH of African origin (RR 2.99,
95% CI 2.53 to 3.54, 12 = 0%).

HIV and the Presentation of DKD

In two early kidney biopsy series from adults with HIV in the United States (US), the prevalence of DM was found to be
5.4% and 6.7%, respectively. These two series were small, with 152 biopsies (1995-2004) in the one study and 89
biopsies (1995-2001) in the other.***>® A more recent biopsy series (n = 437) from the US (2010-2018), noted that
comorbidities of NCDs were more common. In this cohort, 57% had hypertension,31% had DM, obesity was observed in
11%, and cardiovascular disease in 9%."

However, in contrast, a review of two large recent kidney biopsy cohorts of PWH from South Africa reported that
neither had an increase in DM. Diana et al evaluated 690 biopsies (from 1989 to 2014) and found no change in the
proportion of patients diagnosed with DKD (p = 0.810) or hypertensive nephropathy (p = 0.33), pre and post ART."?
Similar findings were observed by Wearne et al where no change in the proportion of those with DM was seen pre and
post ART roll-out in 671 patients undergoing a kidney biopsy.'* In contrast to the studies from the USA, the two large
studies from South Africa showed the prevalence of DM to range between 3.6% and 4%, and the trend did not change
between 2005 and 2020. However, the cohorts from the two countries are different in that the South African studies
included patients with more advanced disease with associated co-morbidities, such as tuberculosis, and who were ART-
naive or not adherent to treatment.'>'*

When compared to other ethnicities, African-Americans have been shown to have a higher rate of KF. African-
Americans have around a 3-fold increased incidence of treated KF compared to Caucasians.’’ Part of this increased risk
is at least in part due to the inheritance of an apolipoprotein L1 (4POLI) gene variant. The protein apolipoprotein L1,
encoded by this gene, has a historical role in conferring innate immunity against most strains of Trypanosoma brucei.>>
Initially identified in individuals of African descent, two gain-of-function (APOLI) variants, G1 or G2 have been found
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to have a high prevalence particularly in West Africa.’>>* These coding variants have since spread widely throughout the
African diaspora, with frequencies of 21% for G1 and 13% for G2 observed among African Americans.>

APOLI risk variants have been associated with an increased risk and accelerated progression of focal segmental
glomerulosclerosis (FSGS), HIVAN and hypertensive nephrosclerosis (OR 7.3).>>® There have also been studies
suggesting a role in progression of DKD.>’

Both DM and APOL1-associated kidney diseases are common entities, as such, they are likely to occur synchro-
nously. In addition, obesity, commonly associated with DM, on its own, can cause glomerular damage resulting in
proteinuria and reduction in GFR. In Black individuals with DM who have no other complications and a marginally
elevated HbAlc, kidney dysfunction should not be assumed to be due to DKD. In this setting, APOL1 genotyping may
help the decision-making in whether a biopsy is required in selected individuals.’®

The data on the mechanisms of the progression of CKD in people with HIV and DM are sparse, however, a study by
Osafo et al did show that kidney damage is accelerated when there is co-existing hypertension, HIV, genetic predisposi-
tion, and DM.* This is demonstrated by the earlier onset of KF in African populations compared to those in developed
countries (40—45 years versus 63 years).” Figure 1 shows the HIV-related and traditional risk factors influencing the
development and progression of CKD in PWH.'? Examples of risk factors increasing CKD progression include: co-
infection with hepatitis B and C (2-3 fold increase) and episodes of AKI (3.8-20-fold increase).'* Similarities and
differences of clinical presentation and investigations of CKD in HIV and DKD are demonstrated in Table 1 and 2,
respectively.' 121660762 patients with combined HIV and DM should have more frequent screening and follow-up, and
more intensive management of existing CKD and its risk factors.

In a large cohort of 31,072 veterans with a baseline estimated GFR (eGFR) >45mL/min/1.73m? in HIV-positive and
matched HIV-negative individuals, there was a significant and graduated independent association between HIV and DM
status and the risk of decline in eGFR. Co-existing HIV and DM had a greater effect on the relative risk of progression of
CKD (HR 4.47, 95% CI 3.87-5,17), compared to either disease alone [HIV (2,8, 95% CI 2.50 —3,15) or DM (HR 2.48;
95% CI 2.19-2,80) only].'® Similar results were demonstrated in an earlier study by Choi et al who demonstrated a 4-fold
increase in risk of KF in those with DM and a 7-fold increased risk in those with the combination of DM and HIV.

Exposures and
. . co-morbid :
Host genatic Socle=. non-infectious Hiv-veatad Co-infections Khidertyiog CRIx
susceptibility demographics factors etiology

conditions and
their treatment

Diabetes
Obesity

Tuberculosis

Diabetic

Sickle cell trait? CD4* cell count “ephrw
Malignancy
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variants? Socioeconomic
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Figure | HIV-related and traditional risk factors influencing the development and progression of CKD in PWH.

Notes: Reproduced with permission. Swanepoel CR, Atta MG, D’Agati et al Kidney disease in the setting of HIV infection: conclusions from a Kidney Disease: Improving
Global Outcomes (KDIGO) Controversies Conference. Kidney international. 2018;93(3):545-559. © 2017 International Society of Nephrology. Published by Elsevier Inc.
Creative Commons CC-BY-NC-NDlicense.'?

Abbreviations: APOLI, apolipoprotein L1; ABCC, ATP-binding cassette transporter proteins; ART, antiretroviral therapy; CKD, chronic kidney disease, FSGS (NOS) focal
segmental glomerulosclerosis, not otherwise specified; GN, glomerulonephritis; HIVAN, HIV-associated nephropathy.
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Table | Similarities and Differences in the Clinical Presentation of CKD in HIV and DKD

DM and CKD HIV and CKD
HPT Often HPT before onset of CKD HPT is usually not associated with HIVAN.
Prior to CKD only HPT if known with pre-existing HPT
Phenotype Frequently metabolic phenotype (T2DM) BMI often not raised.
Oedema Oedema often present + Oedema

If CKD due to HIVAN — oedema unlikely
Only oedematous if nephrotic syndrome or advanced CKD

Accompanying features

Other Target organ damage:
® Retinopathy (50-60% will have proteinuria)
® Peripheral neuropathy
® Macrovascular complications: IHD, CVA, PYD

Often multiple pathologies on kidney biopsy

® + Evidence of intercurrent illness

May have no specific features (HIVAN and ICGN can occur
with any CD4 count)

Urine dipstick

Classical presentation: Usually albuminuria
blood

Variable: Bland or Proteinuria * blood (if ICGN, AIN or TB)

Natural history

Gradual onset of:
Pre DKD: Hyperfiltration (Increased GFR)
Incipient DKD: Microalbuminuria and HPT

® Overt DKD: Proteinuria, nephrotic syndrome
and GFR decreasing.

® ESKF

Presentation of kidney disease is varied depending on
underlying cause.

Progression of disease

With poorly controlled HPT and DM eGFR can
drop 10mL/min/year

HIVAN: without treatment can progress to ESKF in 3/12
Decline more rapid

to consider?

Rapid decline in eGFR, what

AKI on CKD
AIN (due to drug)
PIGN or other GN

Untreated HIVAN

ICGN - can decline rapidly if crescentic

AIN due to drug

Intercurrent opportunistic infections: eg TB or IRIS

Abbreviations: HPT, Hypertension; CKD, chronic kidney disease; DM, diabetes mellitus; T2DM, type 2 diabetes mellitus; BMI, body mass index, HIVAN, human
immunodeficiency virus associated nephropathy; KF, kidney failure; IHD, ischaemic heart disease; CVA, cerebrovascular accident; PVD, peripheral vascular disease; GN,
glomerulonephritis; ICGN, immune complex mediated GN; Hb, haemoglobin; eGFR, estimated glomerulofiltration rate; DKD, diabetic kidney disease; PIGN, post infectious
glomerulonephritis, ESKF: end stage kidney failure, AIN: acute interstitial nephritis; AKI, acute kidney injury; TB, tuberculosis; IRIS, immune reconstitution syndrome.

Table 2 Similarities and Differences in the Investigation of CKD in HIV and DKD

DM and CKD

HIV and CKD

Laboratory Investigations

Microscopy Bland microscopy Active urine on microscopy if ICGN
Urea Urea — get symptomatic at a lower urea than normal Due to low muscle mass — Urea and creatinine may
population underestimate degree of KF.
Cystatin C currently best measurement of eGFR.
Anaemia Anaemia develops earlier in CKD Anaemia likely multifactorial

Markers of MBD

MBD develops earlier in DKD

Tenofovir associated osteomalacia

UPCR Absence of albuminuria does not exclude DKD Variable- depending on cause:
® Decreasing trend of albuminuria being associated with |® Nephrotic range proteinuria (HIVAN)
lower eGFR. ® Nephrotic syndrome (Membranous GN/or other GN)
® Albuminuria may reflect a dynamic, fluctuating condition [® Sub nephrotic + blood (ICGN)
rather than a linear progression
(Continued)
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Table 2 (Continued).

DM and CKD HIV and CKD
Special Investigations
Ultrasound Increased kidney size despite reduced eGFR Increased kidney size despite reduced eGFR in HIVAN
Renal biopsy Classification of DKD histological features: Multiple pathologies can be found:

I. Mild non-specific light microscopy changes and EM [® Glomerular dominant: podocytopathy: Overt Nephrotic
showing thickened basement membrane syndrome: membranous GN, HIVAN

2. Mesangial expansion: mild ® |C mediated GN disease: example, PIGN

3. Mesangial expansion: severe ® Tubulointerstitial disease

4. Nodular sclerosis (Kimmelstiel-Wilson lesions) ® Vascular dominant

5. Advanced diabetic glomerulosclerosis ® Other: in setting of HIV: (HPT nephrosclerosis, DKD)
Indication for Proteinuria with no retinopathy Spectrum of kidney disease is broad - Low threshold for
biopsy Onset of proteinuria rapid or onset of proteinuria <5 biopsy

years in TIDM Significant proteinuria (increasing trend or nephrotic range)

Macroscopic haematuria or active urine sediment Haematuria or active urine sediment

Unexplained rapid decline in KF Unexplained decline in kidney function

Abbreviations: CKD, chronic kidney disease; DM, diabetes mellitus; MBD, mineral bone disease; HIVAN, human immunodeficiency virus associated nephropathy; KF,
kidney failure; IHD, ischaemic heart disease; CVA, cerebrovascular accident; PVD, peripheral vascular disease; GN, glomerulonephritis; ICGN, immune complex mediated
GN; Hb, haemoglobin; eGFR, estimated glomerulofiltration rate; DKD, diabetic kidney disease; EM, electron microscopy; PIGN, post infectious glomerulonephritis, ESKF:
end stage kidney failure, AIN: acute interstitial nephritis; AKI, acute kidney injury; TB, tuberculosis; IRIS, immune reconstitution syndrome.

However, a limitation of this study is that it only examined differences in ethnicity and did not adjust for other factors
known to influence CKD progression.> A single centre study reviewing PWH (n = 1494), comparing those with DM
(n = 156) and those without, demonstrated a more frequent need for antihypertensives and lipid-lowering agents and
a higher prevalence of kidney dysfunction (12.4% vs 7.1%, p = 0.030) in those with co-existing DM.**

A retrospective study of 653 PWD found that the majority of PWH on ART failed to achieve target glycaemic
control, resulting in a greater incidence of neuropathy and nephropathy (when defined by overt proteinuria). Proteinuria
was present in 25.7% of the HIV-positive patients and 15.4% of the HIV-negative patients. Obesity was also a concern;
however, it was noted in both HIV negative and positive cohorts.®®

Challenges in Calculating eGFR

Using the serum creatinine in the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation to estimate
the GFR is the most practical and reliable way of determining the prevalence of CKD.®® This equation has recently been
updated with the removal of the race- based correction factor for African Americans.®” To note, these equations were
developed in the US and have not been validated against measured GFR (mGFR) in other regions. Whether this
correction factor is applicable to patients of African descent living in Africa is controversial.

In a recent study by Fabian et al conducted in Uganda, Malawi and South Africa, 3025 subjects underwent
determination of mGFR using the slope-intercept method for iohexol plasma clearance and this was compared to
eGFR using a variety of creatinine and cystatin C-based equations (with or without the correction factor for African
Americans). The principal findings of the study were that creatinine-based equations overestimated kidney function
compared with mGFR, which was worsened by use of the inclusion of the race-based correction factor. The greatest bias
occurred at low kidney function, such that the proportion with GFR < 60 mL/min/1-73 m? directly measured was more
than double that estimated from creatinine. Cystatin C-based equations performed better than all creatinine-based
equations. Using a model to impute kidney function based on mGFR, the estimated prevalence of impaired kidney
function was more than two-times higher than creatinine-based estimates in populations across six countries in Africa.®®
The authors speculate that the poor performance of creatinine-based eGFR equations is more likely due to non-GFR

determinants of creatinine rather than ethnicity. These include lower muscle mass due to growth stunting, wasting or
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inflammation from chronic infection (eg tuberculosis and HIV), lower dietary protein ingestion, and undiagnosed liver
disease.®®
Over estimation of GFR with the resultant under estimation of CKD has major implications for health planning given

the high costs of treating CKD and the high associated morbidity and mortality.

Medical Management of T2DM in PWH

There are only a few observational studies and no RCTs specifically assessing the use of any of the treatment options for
managing T2DM in PWH. Han et al conducted a longitudinal cohort study in HIV-positive and HIV-negative veterans
who were new users of oral DM medication (mostly metformin, sulphonylureas and thiazolidinediones). They found that
the glycaemic response was independent of the initial class of medication and was not influenced by HIV infection.®”
Interestingly, in their multivariable model, Black race and Hispanic ethnicity were associated with a poorer response to
these DM medications. Since there are no robust data to guide treatment options for T2DM, most guidelines recommend
that local guidelines for the pharmacologic management of T2DM are followed for PWH. However, there is an extra
caution regarding the use of metformin. Metformin is often a good initial choice for the management of T2DM in PWH
as insulin resistance is often one of the dominant pathophysiological mechanisms. No dosage adjustment is required
when using metformin with non-nucleoside reverse transcriptase inhibitors, PIs or NRTIs. However, when metformin is
used with INSTIs (eg dolutegravir), the area under the curve of metformin is increased, therefore, by consensus, the
maximum daily dose of metformin when used with dolutegravir should be limited to 1000 mg daily.”” Sodium-glucose

cotransporter-2 (SGLT?2) inhibitors and glucagon-like peptide 1 (GLP-1) receptor agonists have been shown to prevent

Table 3 Adjustment of Diabetes Treatment in Chronic Kidney Disease

Dose Adjustment for CKD 3-5 (*eGFR <30 ml/Min/1.73m?)

Metformin Contraindicated

Insulin Insulin uptake, metabolism and elimination is reduced.
Less insulin is required — titrate to need:

eGFR 60-15: 25% reduction”

eGFR <I15: 50% reduction”

Sulphonylureas

Gliclazide eGFR < 30, use under specialist supervision

Glipizide No dose adjustment based on eGFR
[start conservatively (2,5 mg orally daily) and titrate up slowly in CKDJ*

Glimepiride eGFR <30: reduce dose to | mg orally daily
eGFR < 15: not recommended

Glibenclamide Use not recommended

SGLT2 inhibitors

Canagliflozin eGFR > 60: 100 mg daily, can titrate up to 300 mg orally daily
eGFR 30-60: 100 mg orally daily
eGFR < 30: Not recommended for initiation
® May continue for reducing risk of decline eGFR, ESKD, CV death and admission for HF

Dapagliflozin eGFR > 45: no dose adjustment
eGFR 25-45: 10 mg orally daily*
eGFR < 25%: Not recommended for initiation

® May continue for reducing risk of decline eGFR, ESKD, CV death and admission for HF

(Continued)
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Table 3 (Continued).

Dose Adjustment for CKD 3-5 (*eGFR <30 ml/Min/1.73m?)

Empagliflozin

eGFR > 30 no dose adjustment

(A) CKD:

eGFR > 20: 10 mg orally daily (may have a beneficial effect on CV health and reducing risk of decline eGFR)
(B) For Glycaemic Control with No CVD or CVD Risk Factors

eGFR < 30: Use not recommended

(C) Heart Failure

eGFR = 20: No adjustment necessary

eGFR < 20: Insufficient data to support a dosing recommendation in this population

Ertugliflozin

eGFR > 45: no dose adjustment
eGFR < 45: use not recommended

Thiazolidinediones

Pioglitazone

No dose adjustment required

Alpha-glucosidase inhibitors

Acarbose

eGFR < 30: use not recommended

Miglitol

eGFR < 25: use not recommended

Table 4 Adjustment of Incretin Treatment in Chronic Kidney Disease

Dose Adjustment for CKD 3-5 (*eGFR <30mllminll.73m2)

GLP- | RA

Dulaglutide No dose adjustment

Exenatide CrCI 30-50: caution with initiating or increasing the dose
CrCl < 30: use not recommended
If using a once weekly preparation:
eGFR < 45: use not recommended

Liraglutide No dose adjustment

Lixisenatide eGFR 30-60: no adjustment necessary
eGFR 15-29: monitoring of kidney function and gastrointestinal side effects is recommended
eGFR < |5: use not recommended

Semaglutide No dose adjustment

DPP-4 inhibitors

Alogliptin CrCI 30 —59: decrease to 12.5 mg orally daily
CrClI < 30: decrease to 6.25 mg orally daily

Linagliptin No dose adjustment required

Saxagliptin eGFR < 45: decrease to 2.5 mg orally daily

Sitagliptin eGFR 30-45: decrease to 50 mg orally daily

eGFR < 30: decrease to 25 mg orally daily

Notes: *eGFR, estimated glomerular filtration rate in ml/min/1.73m>.
Abbreviations: GLP-1 RA, glucagon-like peptide | receptor agonist; CrCl, creatinine clearance; DPP-4, dipeptidyl peptidase IV; mg,

milligrams.
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Table 5 Adjustment of Diabetes Treatment for Kidney Failure-Dialysis Requiring

Metformin Contraindicated

Insulin No specific dose adjustment is required.

Sulphonylureas

Gliclazide Discontinue and replace with insulin
Glipizide Discontinue and replace with insulin
Glimepiride Discontinue and replace with insulin
Glibenclamide Discontinue and replace with insulin

SGLT?2 inhibitors

Canagliflozin Contraindicated at present

Dapagliflozin Contraindicated at present

Empagliflozin Contraindicated at present

Ertugliflozin Contraindicated at present

GLP- | RA

Dulaglutide Use with caution in ESKD, monitor kidney function closely in patient with gastrointestinal side effects
Exenatide Contraindicated at present

Liraglutide Use with caution in ESKD, when initiating or escalating doses in patients with renal impairment
Lixisenatide Contraindicated at present

Semaglutide Use with caution, monitor for side effects

CrCI<I5 requiring dialysis: Contraindicated**

DPP-4 inhibitors

Alogliptin 6.25 mg orally daily; administer without regard to timing of haemodialysis
Linagliptin No dose adjustment required

Saxagliptin 2,5 mg orally daily post dialysis

Sitagliptin 25 mg orally daily without regard to timing of dialysis

Thiazolidinediones

Pioglitazone No dose adjustment required

Alpha-glucosidase inhibitors

Acarbose Contraindicated at present

Miglitol Contraindicated at present

Notes: **Advice from therapeutic index: South African Medical Formulary.
Abbreviations: SGLT2, sodium glucose co-transporter-2; GLP-1 RA, glucagon-like peptide | receptor agonist; DPP-4, dipeptidyl peptidase 1V; CrCl,
creatinine clearance; ESKD, end stage kidney disease; mg, milligrams.

progression of DKD in HIV-negative people with DM; however, this has not yet been studied in PWH. Tables 3-5 reflect
the dose adjustments that are required for DM medications with CKD stage 3—5 and those on KRT.”'"">

In terms of DKD management, identification of additional risk factors for CKD is essential. In PWH, this includes
a suppressed HIV viral load, early identification of hepatitis B and/or C virus coinfection, exclusion of nephrotoxins as
well as managing episodes of AKI. All PWH should be on ART, including those with DKD. A baseline eGFR and
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assessment for microalbuminuria should be performed. However, a change in type of ART is required when the eGFR
falls to <50 mL/min/1.73m?. Tenofovir, atazanavir and lopinavir should be avoided in those individuals with established
CKD.”® Unfortunately, there are limited data concerning recommendations for the concurrent management of DKD in
PWH. However, data from large RCTs in people without HIV-infection have shown the importance of DM and BP
control in preventing and decreasing the progression of DKD.”””® Angiotensin converting enzyme (ACE) inhibitors and
angiotensin receptor blockers (ARBs) have an important role in slowing the GFR decline in DKD with albuminuria.”® !
In addition, ACE inhibitors and ARBs have been shown to prevent the progression of HIVAN.*

Additionally, a multi-faceted approach in the management of DKD in PWH should include intensive lipid manage-
ment being careful with the concomitant use of simvastatin with PIs due to the increased risk of rhabdomyolysis.
Comprehensive lifestyle interventions including a low protein and salt diet, moderate intensity physical activity, cessation

of smoking, alcohol reduction and weight management.

Challenges in KRT with HIV and DM

The KDIGO controversies in HIV state that HIV status should not influence candidacy for KRT. The survival on KRT is
similar for those patients on ART with viral suppression compared with HIV-negative patients.'>*** However, the
survival of people with DM on KRT is significantly worse than those without DM.*>~°? The outcome of PWH and DM on
KRT is currently unknown.

The choice of dialysis for PWH and KF should be based on patient preference and resources.'*”> Both peritoneal
dialysis (PD) and haemodialysis (HD) have disadvantages in the setting of DM. This includes vascular access
complications due to accelerated atherosclerotic disease. In addition, the glucose load in PD may accelerate athero-
sclerosis and worsen DM control. Meta-analyses have demonstrated a superior survival for people with DM on HD
compared to PD. This is thought to be due to the increased rate of infection, inadequate dialysis and volume control for
patients on PD.**° In a cohort of 401 PD patients, followed up for 10 years, DM was shown to be an independent
predictor for increased mortality and technique failure, but not for peritonitis-free survival.”®

Both DM and HIV, cause marked vascular damage. “Inflamm-aging” describes the increased age-related co-
morbidities which occur at a younger age in PWH.?” This accelerated aging may relate to chronic ART usage, immune
activation and inflammation.”®*® This is evidenced by a high degree of vascular stiffening and “non-dipping” on
ABPM.'? Similarly, endothelial dysfunction and inflammation is also demonstrated in DM."'%!

Numerous reports have reviewed the adverse effects of HIV and DM on arteriovenous fistula (AVF) creation, but as
far as we are aware none have looked at the additive effect. In PWH, AVFs are preferable to dialysis catheters due to the
increased risk of infection and stenosis.'>'%? On review of 25,711 AVF creations, HIV did not increase the risk of
reintervention, occlusion or mortality. In this cohort, 42% had a combination of DM and HIV, however a direct
comparison between PWH with or without DM was not performed.'® PD catheter failure rates are similar to HIV
negative patients. In addition, PD consumables must be discarded with appropriate infection control measures, as HIV
persists in PD fluid."?

The combination of HIV and DM, or each as separate entities, poses an increased risk for cardiovascular disease
which is a major cause of death in patients on KRT.'® Once again, there are no recommendations for which modality
poses the lowest risk for those with a combination of HIV and DM. However, a meta-analysis and a comparative study
comparing PD and HD have shown that PD had a lower incidence of cardiovascular and cerebrovascular events, than
HD,105:106

Stock et al first described successful outcomes in HIV-positive transplant recipients from HIV-negative donors.'®’
Following these results, a crisis for dialysis slots in South Africa prompted clinicians to take a more liberal approach to
donor selection. Consequently, a pivotal programme to use kidneys from HIV-positive donors for HIV-positive recipients
was initiated in September 2008.'"% In the setting of transplantation, HIV-positive recipients have excellent allograft
survival at 1 and 3 years. In addition, the safety of transplantation in PWH is well-established.'®” '% However, there is
still significant bias toward transplantation access for PWH, with longer waiting times for referral, evaluation and
waitlisting.''” In contrast, it is well known that DM can adversely affect kidney allograft and patient survival.''" Up to
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a two-fold higher mortality and graft loss has been described in transplant patients with pre-existing DM and those
developing post-transplant DM.''*!13

Little is known about the outcomes of PWH and DM post transplantation or the development of new onset DM post
transplantation. Of the cohorts described, only Locke et al reported on prevalence of DM in the HIV transplant cohort,
with DM being prevalent in 13.3% (57/113) of living and 11.7% (50/426) of deceased donor recipients, respectively.
However, no comparison of the combination of HIV and DM was performed.'®” There is an increased risk of rejection in
PWH. 07198 The higher doses and type of immunosuppression needed to treat this increases the risk of developing DM
post-transplant. In a study conducted by Barday et al in HIV-positive transplant recipients, there was an association
between increased rate of rejection and use of Pls,12% of the cohort were on Pls at baseline.''* Furthermore,
immunosuppression drug-level management is complex in transplanted PWH due to the drug interactions.'"”

Although the prevalence of KF is increasing worldwide, major global inequalities exist with the largest treatment gaps
occurring in LMICs."'®'!"” Access to lifesaving KRT remains limited or non-existent in many LMICs. It is reported that
only 16% of patients requiring KRT on the African continent receive it.''® This means that chronic dialysis and
transplantation are either not offered, are unaffordable or rationed resulting in the demise of many patients. The lack
of access removes any element of “choice” for KRT (Figure 2). There has been considerable attention drawn to the
importance of kidney supportive, conservative and palliative care by the International Society of Nephrology.''®
However, in LMICs, there are limited resources to integrate palliative care into all levels of care despite it being
demonstrated to be cost-effective.''® The cost of palliative care programs will vary by region and continent depending on
access and infrastructure. Therefore, there needs to be greater emphasis on preventative measures to prevent CKD
progression as well as improved palliative and conservative management for patients when KRT is limited or not
available.'*’

In a resource-limited setting, when dialysis is rationed, often PWD and PWH who are not virally suppressed, are
excluded from KRT programmes.'*® The concept of conservative kidney management is directly aligned with the

| Flow chart for patients with advanced CKD Stage 5 (eGFR <15)

| IS THERE A REVERSIBLE CAUSE FOR KIDNEY DISFUNCTION? |

l | YES I | NO l
Review for: Promote preservation of residual
Urinary obstruction kidney function (Box 1)

Nephrotoxins
Haemodynamic instability

Sepsis (Example: UTI) Suitable for KRT?

l YES ] [ NO
Appropriately treat i — — l
Monitor recovery State sector : Dependent on your Medically or socially unsuitable for KRT
l local KRT guidelines For example
OR *  Advanced dementia
Promote preservation of Private: Assess financial feasibility ¢ Medically unstable with profound hypotension
residual kidney function for medical insurance, or out of «  Terminal non nephrological illness
& appropriately follow up pocket payment or NGO *  Patientrefusal
(Box 1) * lrreversible profound neurological condition

Elderly >75 with advanced comorbidities (Charlson
comorbidity index score > 8)

Box 1: KIDNEY PRESERVATION: NES m l
Avoiding smoking, exercise, weight reduction

Avoid nephrotoxins (NSAIDs, gentamycin, i

tenofovir)

. . 3 ) X " Preserve Residual Kidney function (Table 1)
Do not useillicit drugs (Ex: methamphetamines)) Refer to appropriate Choice restricted conservative N
) . . Symptom management
cocaine) facility that offers KRT kidney management . .
Avoid traditional medications Advanced Care Planning Emotional support
Salt restriction End of life care

Optimise blood pressure control (aim BP <

140/90), titrating treatment up to meet target.
I ic control for diabeti

Viral suppression in HIV

Figure 2 Choice restricted conservative kidney management.
Abbreviations: CKD, chronic kidney disease; UTI, urinary tract infection; eGFR, estimated glomerular filtration rate; KRT, kidney replacement therapy; NGO, non-
government organisation; NSAIDs, non-steroidal anti-inflammatory drugs.
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Universal Health Coverage.''® It is crucial that in low resources settings there is early identification and management of
kidney disease at all levels of care, this is particularly important in regions where KRT is limited.

Conclusion

Limited data exist on the burden of CKD, in patients with comorbid HIV and DM. Given the growing prevalence of HIV
and DM, individually and in combination, this review highlights the need for a call to action to improve care as well as
identify areas in which research is required. Future research should focus on the following: a better understanding of the
molecular targets and genetic factors (APOL-1) that alter the trajectory of DKD, RCTs to show the efficacy of DM drugs
in PWH, a better understanding of the long term metabolic sequelae of the use of INSTIs, especially in Black Africans
where there is a possible early signal that they may be at increased risk of developing DM and, lastly, identify the impact
of both DM and HIV on KRT. In Africa and other areas with limited access to KRT, strict blood pressure control, good
diabetes management, viral suppression with ART and awareness of the multiple drug interactions/toxicity/dosing remain
the foundation of therapy to prevent CKD. There is an urgent need to establish or upscale palliative care programs in
areas with restricted access to KRT and high burden of disease as these have shown to be cost-effective in the long term.
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