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in HIV. 

 Human Immune Deficiency Virus (HIV) is a highly adaptive and fast-

evolving virus associated with renal damage, affecting kidney structures 

directly and indirectly. A cytopathic impact and immune complexes 

mediated mechanisms were suggested. Furthermore, nephrotoxic drugs, 

including antiviral therapy, and coinfections, have a role in kidney 

damage. Additionally, HIV patients live longer, increasing the chance of 

comorbid chronic diseases that increase kidney damage risk. Chronic 

kidney disease (CKD) progresses and might cause end-stage renal 

disease (ESRD), especially in HIV. HIV-AN prediction is possible by 

apolipoprotein-1 (APOL-1) polymorphism detection, high viral load, and 

proteinuria. Kidney transplantation is possible in HIV-AN if the 

infection is controlled. The exact mechanism(s) of HIV-AN 

pathogenesis is not established. Hence, an updated clinical review article 

about the HIV-AN pathogenesis and management was planned. 

EMBASE, Google Scholar, Google, Scopus, and PubMed sites were 

searched for pathogenesis, diagnosis markers, and predictors of HIV-

AN. We used keywords and phrases such as HIV-related kidney 

diseases, HIV-associated nephropathy, HIV-AN, interstitial, tubular, and 

glomerular diseases in HIV, gene abnormalities and HIV-AN, Kidney 

disease treatment or management in HIV, and CKD pathogenesis in 

HIV. 
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1. Introduction 

Prompt antiretroviral therapy (ART) showed dramatic improvements in the survival and progression of the 

human immune virus (HIV). Complications such as kidney, liver, and cardiac disease have primarily 

replaced HIV-associated opportunistic infections as the significant causes of death in HIV-infected people 

[1]. 

 

Significant noninfectious comorbidity (NICMs) experienced by patients long-lived with HIV (PLWHIV). 

In PLWHIV, chronic kidney disease (CKD) in developed and limited resources nations occur [2], [3]. 

Despite an influential ART in PLWHIV, the CKD rate is increasing [4]. Although the link between HIV 

and CKD has been known for a while; it is crucial to highlight that the kidney disease pattern that PLWHIV 

experiences have evolved [5]. CKD is increasingly linked to NICMs, diabetes mellitus (DM), and 

hypertension (HTN), as opposed to the previously observed HIV-associated kidney disorders such as acute 

kidney injury (AKI) and others as opportunistic infections [5]. Significant discrepancies are also readily 

apparent, and HIV is widely spread in limited resources continents such as Africa [6]. Renal dysfunction is 

worsened by prolonged ART exposure in PLWHIV [7]. The growing number of HIV-infected persons 

needing dialysis or a kidney transplant warrants particular attention in PLWHIV [8]. 

 

In PLWHIV, additional factors, such as care models, polypharmacy, availability of treatment in areas with 

low resources, and aging-related diseases, should be considered [9]. A study that evaluated the current 

concerns about PLWHIV CKD and the difficulties encountered in providing the best possible treatment 

revealed that CKD has a negative impact on outcomes [10]. CKD may worsen and eventually progress into 

end-stage renal disease (ESRD), rendering the patient reliant on kidney transplantation or continuous 

dialysis [11]. Blood pressure, weight reduction, dyslipidemia, and DM control decline CKD progression 

[12]. Precise information on the advantages of these strategies in PLWHIV necessitates further 

interventional studies. Moreover, CKD recommendations for HIV-positive individuals may vary from other 

types of populations. Hence, further internal studies are required to have a unified recommendation. 

 

CKD is linked significantly to various comorbid conditions, the most significant of which is cardiovascular 

disease (CVD), affecting patients' survival and life quality [13]. Strategies to detect CKD and manage risk 

factors amid PLWHIV were shown to help improve the outcomes of CKD [14]. In PLWHIV, strategies for 

CKD prevention and early identification are of utmost importance. Comparing PLWHIV to non-infected 

individuals, the study stated that PLWHIV is unlikely to use aspirin and rarely meets its lipid-lowering 

therapeutic goals to prevent CVD [15]. It is challenging to reconcile HIV clinical contributions, extended 

ART use, age, and NICMs on the outcome [16]. 

 

Due to HIV-associated nephropathy (HIV-AN), immune complex kidney diseases (ICKD), medications 

nephrotoxicity, [17- 19]. AKI, and CKD are likely to occur in HIV individuals. Furthermore, HIV patients 

have become living longer lately, making them more susceptible to age-associated chronic diseases 

predisposing to CKD, such as DM, HTN, and obesity. Additionally, they become more accessible to 

hepatitis B virus (HBV) and hepatitis C virus (HCV) coinfections that cause kidney injuries, [19], [20] 

which could aggravate the existing HIV-induced kidney damage. 
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HIV attacks the kidneys' tissues directly or via presumably immune complex-mediated mechanism(s) [21]. 

Furthermore, HIV or its particles are also toxic to the renal tissues, inducing kidney damage and functional 

impairment [21]. Another essential factor is polypharmacy in HIV/Autoimmune Deficiency Syndrome 

(HIV/AIDS), which enhances kidney damage and increases morbidity and other adverse clinical 

consequences, placing a significant extra burden on medical care budgets [22]. The mechanism(s) through 

which HIV damages the kidneys is/are not well established. Google, Google Scholar, PubMed, EMBASE, 

and Scopus were searched for different phrases and keywords for reviews and original articles about HIV-

AV pathogenesis mechanism(s), epidemiology, and therapy updates. This text will comprehensively review 

and update the epidemiology, pathogenesis, and management of kidney involvement in HIV. 

 

2. Epidemiology of HIV 

Since AID discovery, 79.3 million (55.9–110 million) persons have been reported HIV-infected, and 36.3 

million [27.4–47.8 million] have died because of HIV or its complications. Between the end of 2020 and 

the start of 2021, approximately 37.7 million [30.2-45.1 million] people worldwide existed with HIV. 

Globally, about 0.7% of adults aged between 15–49 years are HIV-infected. 

 

The HIV epidemic varies worldwide due to different factors such as abnormal unprotected sex, unsanitary 

lifestyles, unsafe blood transfusions, wars, ART availability, COVID-19 pandemic. All these factors have 

impacted the HIV-related stigma elimination and discrimination proposed in 2020, stunning the world's 

objective to achieve the three zeros by 2030. In 2022 World Health Organization (WHO) reported that the 

African districts remain the most commonly affected areas, with one HIV-infected person in every 25 

people, accounting for about 2/3 of all HIV patients worldwide [23]. 

 

More than 60% of the diagnosed HIV worldwide are in sub-Saharan African states, and 15% are present in 

Southeast Asia and South Asia. The remaining HIV cases live in other countries [23]. HIV unduly impacts 

low- and middle-income countries. Of the 4,500 people contracting HIV daily globally, almost 60% of them 

are sub-Saharan African habitats [24]. The high death rate is due to various causes such as poverty, lack of 

resources, medication shortage, illegal sexual contact, unsafe intravenous injection, infected transplanted 

organs, etc., increasing HIV and death risk [25]. Recent data has shown that the HIV prevalence rate is 

progressively changing, challenging health authorities worldwide. The HIV disease load is decreasing 

because the infected people are diagnosed early and promptly treated. Although this has reduced the death 

rate because of acute HIV complications, in turn, it has caused an unexpected increase in chronic HIV-

associated diseases [26]. 

 

3. HIV-AN Epidemiology 

HIV-AN was first pronounced as an AIDS complication in 1984 [27]. HIV-AN was thought to only occurs 

with persistent HIV, but it might happen in non-advanced HIV patients or during acute seroconversion [28]. 

It was informed that HIV-AN has more tendency among people of African descent [29] and is more linked 

with African American ethnicity as an ESRD cause. [30] in 1980, an estimated 100,000-300,000 HIV-

infected people had HIV-AN worldwide. In 2020, about 37.7 million people had HIV/AIDS syndrome 

worldwide, and approximately 6.8 million died of HIV-associated illnesses. Kidney involvement in HIV is 

not uncommon, ranging from symptomless presentation to kidney failure [21]. HIV-AN incidence is not 

finally documented because HIV-AN has various presentations that may not be detected at initial HIV 

stages, affecting HIV infection documentation. Furthermore, an estimated glomerular filtration rate (eGFR) 

that is calculated by measuring creatinine is not constantly valid, and the cited cut-off value to define renal 

failure has not been accurately established [31]. Altering the HIV-AN severity, presentations, and 

epidemiology, the wide use of anti-HIV agents during the last 20 years has changed HIV status from an 
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early killing illness into a chronic disease [32], [33]. Renal failure criteria, testing for proteinuria, associated 

diseases, and kidney ultrasound availability are factors affecting HIV-AN prevalence determination. 

Although concerns about the renal failure definition and specific renal failure criteria need updating, [31] 

still with the current criteria, CKD prevalence is more in HIV-infected people than in others.  

 

Rapid renal function deterioration may occur at HIV acute infection, especially in adults due to HIV-AN. In 

two reported adult studies, the mean eGFR of 10 and 20 mL/min/1.73m2 at the time of HIV-AN diagnosis 

were claimed [34], [35]. Another study by [36]. described that the AKI incidence was 5.6% in 2200 adult 

HIV-infected patients. Studying 754 ambulatory HIV-infected patients showed an incidence of 9% 

developed AKI within two-year [37]. Fortunately, in children, renal dysfunction during the presentation is 

not severe. In 71 South African children who had HIV-AN, about 30% had an eGFR < 60 mL/min/1.73m2 

[38]. However, the disease progression difference between HIV-infected adults and children was thought to 

be because of diagnostic bias rather than a genuine difference. Low CD4 count, HBV and HCV coinfection, 

and high viral load were reported as significant predictors of AKI in HIV-infected subjects [39], [40]. 

 

In one cohort study, biopsy-proven HIV-AN incidence decreased intensely following antiviral therapy [41]. 

It was also reported that HIV-AN declined between 1995 and 2004 from 80% to 30% [42]. Furthermore, in 

the USA, it was noted that the annual ESRD-associated HIV infection incidence was in a steady state in 

1995, with a further decline during the following years [30]. It is claimed that the survival rate of HIV-AN 

patients improved; however, it was lesser compared with ESRD patients because of other causes [30]. 

Despite the tremendous effort by the local and global health authorities, ESRD incidence, remains high, and 

HIV infection should be considered an important cause of CKD and ESRD. The increased incidence of 

HIV-induced ESRD is predominantly due to late HIV diagnosis, antiviral intolerance, or treatment non-

adherence [43]. 

 

About a third of the women in the Women's Interagency HIV Study (WIHS) had persistent proteinuria 

before starting the study and prior to the introduction of combined ART [44]. Baseline proteinuria and AKI 

or CKD development happened during the HIV disease course [44]. However, it was reported that only 

0.2% of HIV subjects with an initial eGFR of 60 mL/min/1.73m2 developed proteinuria > 0.3 g/day during 

the prospective 8-year follow-up [45]. About 5%-7% of the males enrolled in another perspective 

Multicenter AIDS Cohort Study (MACS) had an eGFR of ≤ 60 mL/min/1.73m2 [46]. Another study noted 

that 6.2% of HIVs had proteinuria and a CD4 count of > 500 cells/L at presentation, while their eGFR was 

reported at 60 ml/min/1.73m2 [47]. Only 2% of the 300 HIV-positive people in Burundi had an eGFR of 60 

mL/min/1.73m2 [48]. Conversely, studying 400 HIV-positive adults in Nigeria displayed persistently high 

serum creatinine (>1.5 mg/dL) or persistent proteinuria [49]. There is substantial variation in genetic 

vulnerability to HIV-AN and other possible renal diseases due to APOL-1 gene polymorphisms, especially 

in the African-origin population, [50] which might explain the conflicting and varied reported CKD 

prevalence rates in HIV individuals. 

 

It was claimed that in kidney biopsy of HIV patients with high proteinuria; the underlying causes were 56% 

had classic focal segmental glomerulosclerosis (FSGS), membranoproliferative glomerulonephritis (21%), 

6% had amyloidosis, diabetic nephropathy (4%), Lupus nephritis-like immune complex glomerulonephritis 

(4%), and other lesions in 5% of cases [35]. Massive proteinuria occurs in HIV-AN with a similar 

frequency in adults and children [34], [38]. However, even minimal proteinuria does not exclude HIV-AN, 

especially in the initial disease stages. Microalbuminuria or persistent moderately increased albuminuria are 

possible early signs of HIV-AN. Despite the necessity of renal biopsy to confirm HIV-AN, it is rarely 

performed in patients with mild proteinuria, especially in symptoms-free patients, resulting in a delay in 
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HIV-AN diagnosis [51]. This report concluded that HIV-AN must be well-thought-out in HIV-infected 

individuals, even in mild proteinuria. Edema, hematuria and HTN may exist in the initial presentation of 

HIV-AN. However, the recorded rate of edema and HTN is lesser than the expected rate in massive 

proteinuria and decreased eGFR [34], [38]. 

 

4. Factors Affecting CKD-development in HIV 

CKD prevalence in PLWHIV varies according to HIV prevalence in the nations. Estimates may 

significantly be altered by the method utilized to assess renal function and the CKD classifications [52]. 

Globally, utilizing the Modification of Diet in Renal Disease (MDRD) formula, CKD prevalence was 6.4% 

and was 4.8% when the CKD epidemiology collaboration (CKD-EPI) formula was used in PLWHIV. 

However, the African continents had the highest CKD prevalence (7.9%) of PLWHIV when the MDRD 

formula was utilized [53]. According to other studies, CKD is substantially more prevalent in Africa than in 

Europe; the CKD-EPI formula estimates that 44.4% of the Cameroonian population has CKD [52]. The fact 

that people have African origins has an 18 to 50 times higher chance of HIV-related ESRD than Caucasians 

among Africans PLWHIV [54]. Genetic factors were noted as a significant factor in HIV-AN, increasing 

vulnerability to CKD and renal failure [55]. PLWHIV African people in Western and Southern regions of 

Africa are likely carrying genetic variations associated with a severe form of HIV-AN. Single nucleotide 

polymorphisms are associated with higher vulnerability to a broader spectrum of renal illnesses, including 

FSGS in non-HIV individuals [56]. 

 

The G1 and G2 alleles of the apolipoprotein-1 (APOL-1) gene, located on chromosome 22, are connected 

significantly with HIV-AN. Indeed, it is conceivable that the alleles have a prominent role in HIV-AN 

development [57]. APOL-1 alleles are present in 70 - 80% of African people, and it was reported that 

APOL-1 might protect from non-human trypanosomiasis [58]. Irrespective of the renal histology, APOL-1 

risk alleles predict more rapid progress to CKD [58]. However, the CKD prevalence differences observed in 

PLWHIV can be related to environmental factors and the availability of health care accesses [58]. The 

chances of developing NICMs are strongly correlated with CKD development. The rate of NICMs increases 

with CKD development [59], [60]. However, increased vulnerability to CKD is much more complicated, 

with conventional and HIV-specific renal illness risk factors that play essential roles [59]. Treating the 

known risk factors of CKD can significantly reduce ESRD risk in PLWHIV [59]. HIV replication, lowest 

CD4 count, and coinfection with HCV, ART, and HBV are additional factors increasing HIV-AN risk [61]. 

 

Access to ESRD treatment is a growing concern worldwide because CKD as an underlying reason of death 

jumped to 18th from 27th during the late 20 years. PLWHIV having CKD have a 2–20-fold higher chance of 

attaining ESRD than other populations [62]. In general, CKD increases hospitalization rates and hospital 

stays, especially in elderly and chronic cardiac disease patients [63]. The associated diseases precipitate 

CKD overlap with HIV-related CKD, necessitating HIV and comorbidities management [64] and plans for 

long-term care. 

 

5. CKD Detection 

CKD development and progression are often undetected during the initial stages clinically, and early 

detection is only possible by regular screening for HIV [65] Recommendations state that PLWHIV should 

undergo routine CKD screenings to enable early CKD identification and treatment [61], [66], [67]. Along 

with a thorough clinical evaluation for any risk factors, CKD screening includes tests for urine protein, 

renal function, glomerular filtration rate (GFR) measurement, and basic blood tests [68]. Proteinuria 

assessment should be performed on PLWHIV a minimum of once annually; in contrast, GFR should be 

calculated or measured consistently every 6 months. Additionally, patients should consult a nephrology 
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specialist if their eGFR has fallen by ≥ 25%, to a level of < 60 mL/min/1.73m2, or if they excrete > 300 mg 

of protein each day [66]. PLWHIV patients have hematuria with or without mild proteinuria or changed 

eGFR; a referral for complete evaluation is compulsory. Regular CKD screening, including serum 

phosphate monitoring, is advised in PLWHIV managed with tenofovir disoproxil fumarate (TDF) [69]. 

Adherence to the newly established recommendations to screen CKD between PLWHIV is inconsistent 

between nations, [70] which has guided the creation of the CKD clinical risk ratings scoring scheme [71]. 

The scoring system has been used recently to rate a person's likelihood of getting CKD depending on well-

known clinical risk indicators for CKD. These ratings may be helpful in clinical decision-making, 

especially in choosing ART agents for risky individuals [72]. 

 

In a clinical setting, blood creatinine is recommended to calculate the eGFR. However, creatinine serum 

level may be inaccurate because it increases following eating high-meat meals, skeletal muscle creatine 

metabolism, and usage of drugs such as ART [52]. Different formulas are utilized to estimate an eGFR 

utilizing serum creatinine. Cockcroft-Gault, MDRD, and CKD-EPI formulas are frequently employed 

methods with considerable differences in the eGFR results [68]. In elderly with reduced muscle mass, their 

serum creatinine is usually low, possibly down-estimating the eGFR, significantly affecting medication 

dosing and the HIV-AN prevalence. The success of various techniques in evaluating PLWHIV's kidney 

function has been assessed in multiple research that concluded the CKD-EPI formula is preferable to the 

other methods [73]. 

 

Other techniques to assess renal function exist, but they are more complicated and expensive and are mainly 

performed in research trials. These techniques include a 24-hour urine-plasma-creatinine-based creatinine 

clearance, cystatin-C, and Iohexol clearance. The cystatin-C level is susceptible to changes in conditions 

like inflammation, which has made the Iohexol clearance technique more informative [74]. Although 

iohexol plasma clearance is not the golden method, it appears to afford the best conciliation between 

feasibility, consistency, and physiology [75]. In PLWHIV, complicated and expensive investigations are 

unnecessary for regular assessments, especially in nations that have limited resources, [76] and it was 

claimed that ART could be administered to people of sub-Saharan Africa without expensive laboratory 

monitoring [77]. Urine albumin creatinine ratio (uACR) and protein creatinine ratio (uPCR) are performed 

to quantify urine albumin or protein, respectively. The uPCR is preferable to uACR because the uACR 

mainly detects albumin but not detecting other proteins. Clinical studies assessed other urine molecules as 

possible indicators of renal tubule function, including retinol-binding protein and β2-microglobulin [78]. 

 

6. Etiology of HIV-kidney disease 

Kidney biopsy is obligatory to identify a large variety of various renal conditions conceivable in PLWHIV. 

CKD causes in PLWHIV can be credited to HIV infection and increased viral replication directly rate, or 

more often, to patient-specific NICM conditions or ART side effects.79 However, kidney biopsy 

complications must be taken into account.80 Furthermore, linking HIV to the pathological alterations in the 

kidneys seen might be challenging, even with a kidney biopsy microscopic examination.81 A CKD 

categorization scheme was constructed for PLWHIV depending on kidney compartment involvement.80 In 

KDIGO guidelines 2018, HIV kidney lesions were classified broadly into glomerular and tubulointerstitial 

plus other HIV-related lesions.33 The classification KDIGO 2018 is summarized in table 1.  

 

Table 1. KDIGO 2018 classification kidney involvement in human immune deficiency syndrome. 

Glomerular Compartment 

 

Tubulointerstitial 

compartment 

Vascular compartment Diffuse renal tissue 

involvement 

a) HIV-AN 

b) FSGC 

a) HIV-AN 

b) ATN 

a) Atherosclerosis 

b) TTP & HUS 

a)   Diffuse infiltrative 

lymphocytosis 
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c) HIV-IC kidney disease 

d) IgAN 

e) MPGN 

 

c) TIN, mostly 

drug-related 

 syndrome (DILS) 

 

 

Legend 

HIV associated nephropathy (HIV-AN), focal segmental glomerulosis (FSGS), HIV-immune complex 

kidney disease (HIV-IC kidney disease), IgA nephropathy (IgAN), membranoproliferative 

glomerulonephritis (MPGN), acute tubular necrosis (ATN), tubular interstitial nephritis (TIN), thrombotic 

thrombocytopenic purpura (TTP), hemolytic uremic syndrome (HUS). 

 

7. Pathogenesis of HIV-AN 

The possible pathogenic mechanisms are illustrated in figure 1. 

 

 
Figure 1. HIV-AN Classification and Pathogenesis. 

 

8. Legend 

Hepatitis B virus (HBV0, hepatitis C virus (HCV), membranous glomerulonephritis (MGN), 

membranoproliferative GN (MPGN), minimal change nephropathy (MCN), HIV-associated nephropathy 

(HIV-AN), diffuse infiltrative lymphocytosis syndrome (DILS), focal segmental glomerulosclerosis 

(FSGS), immune reconstitution inflammatory syndrome (IRIS), Immune complex (IC), Hypertension 

(HTN), diabetes mellitus (DM), chronic kidney disease (CKD), Antiretroviral therapy (ART). 

 

Histologically, HIV-associated AN is distinguished by collapsing FSGS, interstitial inflammation, 

microcystic tubular dilation, and fibrosis [82]. Several mechanisms are postulated for HIV-AN 

pathophysiology, including gene expression on kidney epithelial cells, host variables, genetic susceptibility, 

induced vascular lesions, ART nephrotoxicity, etc. All available evidence about HIV-AN pathogenesis is 

based on animal models [83] Animal models, including the Tg26 HIV-1 transgenic mouse model [83], have 

subsidized significantly to the present understanding of HIV-AN pathogenesis. This transgenic mouse 

model develops proteinuria, kidney impairment, and microscopic findings similar to human HIV-AN [84] 

Following the reciprocal transplantation of kidneys between transgenic and wild-type mice, the renal injury 

develops only in transgenic model kidneys, indicating that HIV gene expression in their kidney cells is 

essential for HIV-AN development [84]. Transgenic models reveal that specific HIV genes, specifically 

negative factor (Nef) and viral protein R (Vpr), are implicated in HIV-AN pathogenesis [85], [86]. Nef 
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encourages podocyte malfunction, while Vpr promotes apoptosis of nephron tubule epithelial cells (RTECs) 

have a role in HIV-AN pathogenesis [82]. It is reported that HIV nucleic acid exists in podocytes, RTECs, 

macrophages, T-cells, and parietal tubular epithelium in human HIV-AN renal biopsy samples [87]. 

Furthermore, HIV-1 proviral DNA was spotted within the kidney epithelium cells in those who had 

undetectable and detectable viral RNA in their blood [87]. The same phenomenon also reported in an HIV-

AN patient had HIV-1 seroconversion [28]. 

 

The kidneys can be HIV particles reservoir and a replicating site, even in individuals who have attained low 

virus load by using ART [28], [82]. Another possible mechanism of HIV-AN is that HIV directly infects the 

glomerular and RTEC. Vitro studies have also verified that HIV transgenic expression increases 

differentiation and glomerular epithelium cell proliferation and inhibits cytokinesis in RTECs. 

 

RTECs without classic HIV surface receptor (CD4+) or co-receptors overexpression, the HIV entry 

mechanism into the cells remains unclear. It was noted that infected primary CD4+ T cells with HIV viruses 

were obtained from HIV-AN patients' kidneys and mononuclear cells from the peripheral blood [88]. HIV 

entry into human podocytes was significantly reduced when preserved with Methyl—cyclodextrin [89]. 

However, others have yielded contradictory results [90], [91]. It has been demonstrated that HIV-RNA 

transfer directly from infected CD4+ T-cells to RTECs [91] via an unestablished mechanism. Reverse 

transcriptase, protease, or integrase inhibitors inhibited the de novo production of viral proteins in RTECs. 

Thus, it appears that direct HIV transfer to RTECs from infected T-cells is possible in vitro via an efficient 

unrecognized mechanism, which do not depend on CD4 or cell-cell contact. It is unknown up to date to 

what extent this occurs in vivo, and how much does it contribute in HIV-AN pathogenesis. Hence, this a 

raw area of research and new projects to investigate this topic are required. 

 

Human genetic investigations have found single-nucleotide polymorphisms in the APOL1 gene highly 

associated with a raised risk of HIV-AN and FSGS [92], [93]. However, these variations, which are 

exclusively found in individuals of West African descent, do not seem related to disease severity in biopsy-

confirmed HIV-AN. There is a link between HIV-AN and African American ethnicity, suggesting genetic 

variables of the host are also important [94]. 

 

Homophilic adhesion sidekick-1 (sdk-1) molecule expression is significantly elevated in HIV-1-transgenic 

mice podocytes [95]. Subsequently, sdk-1 is demonstrated as a crucial modulator of HIV-infected podocyte 

adhesion, contributing to podocyte clustering, which is the hallmark of pseudocrescent formation in HIV-

AN [96]. It was conveyed that sdk-1 is also elevated in podocytes generated from patients with idiopathic 

FSGS [95]. They also verified that transgenic mice with podocyte-specific sdk-1 overexpression developed 

massive proteinuria and a severe form of FSGS. The last cited study concluded that the possible mechanism 

includes disturbance of the cytoskeleton actin protein, likely via Membrane Associated Guanylate Kinase-1 

(MAGI-1) protein activity alteration [95]. Incident ESRD was reported in 88% of HIV African-Americans 

[97], which may indicate a genetic predisposition to HIV-AN. 

 

9. HIV‑associated nephropathy (HIV-AN) 

APOL-1 allele presence is associated with classic HIV-AN. HIV-AN is often observed in severely 

immunocompromised patients due to persistent HIV infection. Although less frequent, HIV-AN cases are 

also reported after acute HIV infection [98]. In some HIV-AN patients, massive proteinuria is a recognized 

presenting feature; however, these patients progress quickly to ESRD. Kidney ultrasonography may reveal 

enlarged kidneys with increased echogenicity [99]. Guidelines advise starting ART in HIV-AN as early as 

possible [66] Although ART's role is well appreciated, its use connects with various undesirable effects 
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[100]. 

 

Renal biopsy of HIV individuals shows non-collapsing focal segmental glomerulosclerosis (FSGS) more 

often than typical HIV-AN [42], [99], [101]. These individuals often get ART, and their viral loads are 

typically undetectable. It could be challenging to differentiate the histological findings of primary and 

secondary FSGS. There are few pieces of evidence about secondary causes of FSGS; HIV is perhaps one of 

them. Both conventional collapsing and non-collapsing forms may exhibit podocyte foot processes 

effacement, but often the non-collapsing form exhibits it more subtly [99]. Most patients who have non-

classic FSGS were already on ART, and ACEi or ARBs were often used as treatment [102]. 

 

10. HIV immune complex kidney disease 

In PLWHIV, other kidney damages that are mediated by HIV-immune complex kidney disease (HIV-

ICKD) occur. However, a more accurate representation of the immune-complexes deposition pattern in the 

context of HIV may be preferable, given the uncertainty surrounding the causation of HIV and the 

heterogenicity of these illnesses [103]. One of these diseases is lupus-like nephritis characterized by 

negative autoimmune serology and no other lupus clinically recognized features [104]. When PLWHIV has 

HCV coinfection, membrane-proliferative glomerulonephritis may develop [105]. 

 

Membranous, membranoproliferative, and IgA nephropathy (IgAN) were all reported [20]. IgA antibody 

directed as opposed to HIV antigens deposits in the glomeruli, causing IgAN [106]. Clinically, these 

disorders may present by varieties of presentations, including microhematuria, proteinuria ranging from 

mild to severe degrees, and renal impairment. In contrast to HIV-AN, complex immune illness gains after 

ART has an optimistic prognosis. The tubulointerstitial syndrome occurs Less often, which could be due to 

an aberrant immune response that damages tubulointerstitial tissues. Another rarely occurring syndrome in 

HIV due to an overreactive immune response is diffuse infiltrative lymphocytosis syndrome (DILS), 

affecting several organs, including the kidneys [107]. Although steroids were utilized as supportive 

treatment, ART is the first-line management strategy of DILS [108]. Additionally, following ART 

administration, the immunological reconstruction inflammatory syndrome sometimes is observed in the 

kidneys and should not be confused with HIV-induced DILS. Although corticosteroids are helpful, this 

syndrome is often treated by addressing the particular process that caused the syndrome [109]. 

 

11. Vascular Injuries contribute to Kidney Damage in HIV 

Dyslipidemia and persistent inflammation are linked to progressive vessel disease, which may be found in 

PLWHIV as a direct consequence of HIV on renal blood vessels [110]. The poor lipid metabolism that 

appears in respect of an aberrant immune response acts as a precipitant for this atypical atherosclerosis 

[111]. This process repeatedly occurs in individuals having a higher risk of arteriosclerosis [112]. Another 

factor that should be carefully considered as a cause of vascular damage is the kind of ART PLWHIV. 

However, children without extra risk factors who have never had ART they showed to have an abnormal 

thickness of carotid intimal and media layers [113]. 

 

Endothelial abnormalities occur with HIV and possibly lead to thrombotic microangiopathy; however, it 

currently rarely occurs. Clinical symptoms of the illness include microangiopathic anemia, 

thrombocytopenia, and multisystem organ failure, including AKI [114]. Nevertheless, these conditions arise 

less with early ART use and are usually observed in subjects with high viral replication. Starting ART, 

immune suppressive agents, and plasma exchange are the best possible available treatments [115]. 

 

12. CKD related to viral coinfections 
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In PLWHIV, both HCV and HBV are the most prevalent coinfections in PLWHIV [116]. HCV and HBV 

nephropathies cause AKI and CKD [117]. Due to the high coinfection risk in PLWHIV, confirming the type 

and cause of CKD is necessary for predicting the outcome; however, it is almost impossible clinically 

[118]. In the whole world, about 25–30% of PLWHIV also have HCV, and 5–10% of HCV patients also 

have HIV [118]. The therapy of CKD with HCV and HBV coinfection focuses on limiting viral replication 

in both diseases. Direct-acting antiviral therapy has completely changed how HCV must be treated, and the 

cure rate was > 95% of cases with HIV/HCV coinfected in only 8 to 12 weeks [119]. Patients have 

HCV/HIV coinfection, and renal lesions regression is observed after effective ARTs for both illnesses 

[118]. 

 

13. Associated traditional diseases 

DM type 2 risk increases four folds in PLWHIV compared to the general population [120]. Comparing 

PLWHIV to the overall population, their blood sugar is usually not well controlled [105]. In diabetic HIV 

animal models, progression to diabetic kidney disease is rapid [121]. Moreover, HTN is an essential 

associated clinical condition in PLWHIV; in settings with limited resources, HTN is often identified and 

left untreated [122]. Aiming to limit CKD progression course, it is vital to manage well the DM and HTN. 

In limited resources situations, reducing the death and morbidity rate resulting from HIV infection is a 

considerable challenge [123]. The most significant obstacle to providing the requirements to PLWHIV 

patients in Australia was offering adequate therapies for the comorbidities [124]. 

 

14. ART-induced Kidney Injury 

As HIV is diagnosed, it is advisable to start ART promptly, which has proven to improve life expectancy 

[2] and lower the renal injury risks by HIV [79].  ART agents can increase CKD risk in PLWHIV [125]. 

Furthermore, ART and other drug dosages are affected by CKD, and they increase CKD risk and CKD 

progression rate. The choice of medicine might also be influenced by free or cheap ART and screening tests 

access to follow their adverse effects [126]. 

 

Direct kidney damage from antiretroviral medications, including renal calculi and tubulointerstitial nephritis 

(TIN), is possible [127]. One established risk of progressing to CKD is recurrent AKI in HIV-infected and 

non-infected individuals, although the risk is higher in PLWHIV [128] Therapy of ART side effects is often 

supportive, and evaluation of the kind of ART utilized in these circumstances is crucial [129]. 

 

Nucleoside reverse transcriptase inhibitors (NRTIs) such as TDF, Indinavir, lopinavir, and atazanavir are 

used in HIV therapy. TDF is usually prescribed antiretroviral drugs. Kidneys eliminate TDF; hence, 

advanced CKD usually requires dose modifications [130]. TDF causes proximal convoluted tubule (PCT) 

failure in 1-2% of HIV patients, sometimes causing severe protein and phosphate loss, which might indicate 

TDF withhold. In severe PCT damage, phosphaturia, glycosuria, aminoaciduria, albuminuria, and metabolic 

acidosis syndrome can occur [131]. Tenofovir (TAF) is a pro-drug of TDF that may damage PCT, leading 

to Fanconi syndrome; however, the mechanism is still unclear [123]. It causes TAF-associated 

nephrotoxicity [123]. but effectively treats proteinuria in PLWHIV [132]. TDF-to-TAF switch trials show 

kidney toxicity reversal [133]. Fortunately, HIV patients have renal impairment; no TAF dosage escalation 

is required. However, TAF use is not advised for ESRD patients but is safe for hemodialysis patients. Novel 

agent safety data reported that in PLWHIV undergoing TAF, no further screening is indicated [132]. 

However, all PLWHIV not using TAF should be periodically tested for CKD risk. TAF treats persistent 

HBV in PLWHIV and non-HIV co-HBV-infection. However, PLWHIV sometimes have recurrent renal 

stones due to metabolic problems. Usage of NRTIs may precipitate nephrolithiasis and cause obstructive 

AKI [134], enforcing their use cessation [66]. 
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Cobicistat inhibitor (COBI) is a pharmaco-enhancer, inhibiting cytochrome-3A (CYP3A), reducing ART 

metabolism, and enabling single ART daily doses [135]. Furthermore, COBI blocks multidrug and toxin 

extruder protein-1 (MATE-1) in the PCT, reducing creatinine excretion without affecting GFR, despite the 

initial plasma creatinine increase. However, if the rise of creatinine continues, it may indicate other etiology 

rather than COBI therapy's adverse effect [136]. Drug-drug interactions that impede GFR assessment in 

COBI patients should be considered if serum creatinine continues to increase [66]. 

 

The integrase strand transfer inhibitors (INSTIs) are raltegravir (RAL), dolutegravir (DTG), elvitegravir 

(EVG), and Bictegravir (BIC). They may lead to weight gain [137]. RAL deteriorates renal function with an 

uncertain mechanism; however, it may cause rhabdomyolysis [135]. EVG has fewer adverse effects on the 

kidneys. EVL is frequently administered with COBI to maintain plasma levels and enable once-daily 

dosing. BIC has minor renal adverse effects and requires no dose modification. DTG is not toxic to the 

kidneys; conversely, BIC increases serum creatinine by blocking organic cation transporter-2 in the PCT 

without affecting the eGFR value [138]. DTG dosage is unaffected by CKD [135]; hence, no dose changes 

and no monitoring are needed. A clinical study detected a moderate, non-progressive rise in blood 

creatinine 1–2 weeks following DTG [135]. In the SPRING-2 study, the mean creatinine clearance declined 

by 16.5 mL/min in the DTG group versus 5.4 mL/min in the RAL group [139]. Similar to COBI, a 

continuous kidney function deterioration should raise doubts about different etiology [66]. The OCT-2 co-

transporter is in charge of many medications' metabolism and renal excretion; hence, its abnormality 

increases drug accumulation in the body [138]. 

 

15. Polypharmacy 

Polypharmacy is a countless issue in HIV-infected people. Polypharmacy may cause adverse events, drug 

interactions, and even poor adherence. PLWHIV, especially older patients, have considerable polypharmacy 

and drug interaction risks [125]. These may explain why PLWHIV uses fewer or no uses of non-ART CVD 

medicines. This is especially important when treating the aged PLWHIV and NICM group [126]. PLWHIV 

has more excellent responses to the available ART than the non-HIV population [134]. Recently, two-drug 

ART regimes have been in practice to improve tolerability [140]. Drug interactions between immune 

suppressive agents and ART are well known, specifically in patients receiving CYP3A inhibitors and 

tacrolimus-based regimens [141]. For patients taking COBI and tacrolimus, the tacrolimus dose should be 

decreased to minimize supra-therapeutic levels post-transplant, while CYP3A is involved in tacrolimus 

metabolism [142]. 

 

Before kidney transplants, ART requires modification to minimize drug-drug interactions [143]. In HIV, the 

acute rejection rate is high, and a tacrolimus-based immune suppression regimen is preferred; some 

transplant centers additionally utilize induction treatment regimens [144]. Despite the greater risk of acute 

kidney transplant rejection, PLWHIV had comparable results [145]. Co-infected patients had worse results 

[143]. Living and dead HIV-positive donors have successfully donated kidneys to PLWHIV, which was 

associated with improving life quality and death rates in PLWHIV [145]. 

 

16. Renal disease therapy 

The mainstay of HIV-AN is prevention. However, ART, immune suppressants, dialysis, and kidney 

transplantation are used in HIV-AN management. Management of HIV-AN according to the affected 

kidney compartment is illustrated in Figure 2. 
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Figure 2. Management of HIV-AN according to the affected kidney compartment. 

 

Legend 

Hepatitis B virus (HBV), hepatitis C virus (HCV), membranous glomerulonephritis (MGN), 

membranoproliferative GN (MPGN), minimal change nephropathy (MCN), HIV-associated nephropathy 

(HIV-AN), diffuse infiltrative lymphocytosis syndrome (DILS) , focal segmental glomerulosclerosis 

(FSGS), immune reconstitution inflammatory syndrome (IRIS), Eculizumab EZM, Rituximab (RTM), 

Immune complex (IC), Hypertension (HTN), diabetes mellitus (DM), anti-tumor necrosis factor (Anti 

TNF), antiretroviral therapy (ART), Cyclosporine A (Cys A), chronic kidney disease (CKD), Antiretroviral 

therapy (ART). 

 

17. Treatment of Associated Diseases 

PLWHIV die early when they initially have CKD and albuminuria at presentation if they are not adequately 

treated early [146]. HTN, DM, hyperlipidemia therapy, and lifestyle modification such as weight reduction, 

regular exercise, and smoking cessation are crucial [66]. ACEi or ARB should be arranged to treat HTN, 

especially if proteinuria is present [147]. Controlling HTN (< 130/80 mmHg) by ACEi or ARBs is 

significantly essential [148]. Other alterable causes of kidney damage should be pursued extensively and 

excluded. ART improves outcomes for PLWHIV with CKD or ESRD. Adjusting kidney-excreted drug 

doses and avoiding nephrotoxic substances are highly recommended [66].  

 

18. Dialysis 

With improved survival, more PLWHIV is on dialysis [149]. Peritoneal and hemodialysis would not be 

hindered by serological status because PLWHIV on ART has a comparable life expectancy to the rest of 

dialysis-dependent patients [150]. Both peritoneal and hemodialysis had matching results in PLWHIV 

[151]. Dialysis dosing in PLWHIV and comorbidities are significant difficulties [149]. Studies showing 

favorable kidney transplantation outcomes in long-lived HIV have motivated several transplant centers to 

offer transplantation options to ESRD-PLWHIV instead of dialysis [152]. Well-controlled PLWHIV on the 

transplant waiting list has a longer-term better prognosis than those with uncontrolled HIV. Infection 

control and immunosuppressive regimen follow-up are crucial in PLWHIV kidney transplantation. 

 

19. Kidney transplantation 

Kidney transplantation is the standard care for PLWHIV, with ESRD as a substitute for dialysis in different 

centers. This may result in an improved long-term prognosis for PLWHIV. Studies have shown outcome 

improvement following renal transplantation for PLWHIV [152]. Indeed, after transplantation, patients 

need immune suppressive therapy. It is well known that combined ART and immune suppressive drugs can 
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interact with CYP3A inhibitors and tacrolimus-based immunosuppression [141]. Because CYP3A often 

metabolizes tacrolimus, those receiving both tacrolimus and PIR must dramatically reduce their tacrolimus 

dose to prevent tacrolimus levels from peaking to toxic levels [142]. It is advisable prior to renal 

transplantation to change ART or modify the dose, particularly those that interact with immune suppressive 

drugs, to prevent drug interaction [143]. Tacrolimus-based immunosuppression is preferred, and some 

transplant centers use induction treatment to decrease acute rejection risk [144]. However, their outcomes 

are comparable to other populations [145]. HCV-coinfected individuals continue to have worse outcomes 

[143]. PLWHIV recipients have successfully received kidney transplants from living and cadaveric HIV 

donors, with favorable outcomes [153]. 

 

20. Conclusions 

The distinctive histopathologic changes that occur with HIV are known as HIV-AN. HIV-AN is mainly 

caused by the dysregulation of different cellular host pathways, including apoptosis. Common chronic 

diseases such as DM and HTN increase AKI and CKD rates, besides HIV-AN complications. However, 

new projects are required to explore the intricate interplay between genetic vulnerability, viral determinants, 

and host response variables that rise to the distinctive phenotype of HIV-AN. 

 

To meet changes in the healthcare of PLWHIV, HIV care models must alter to provide the required 

services. The PLWHIV patient's life span is increasing, leading to a higher chance of noninfectious 

comorbidities. HIV patients managed with ART risk developing CKD, CVD, and worse outcomes. 

Therefore, if an HIV-infected individual has CKD or has increased CKD risk, avoidance of ART potentially 

nephrotoxic is mandatory.  

 

New research projects are required to find the best method to prevent and treat CKD in people with 

HIV/AIDS. Screening and controlling HTN, DM, dyslipidemia, weight reduction, quitting smoking, and 

lifestyle modification are imperative for CKD prevention. Proteinuria must be evaluated regularly and 

treated promptly by ACEi or ARBs. Globally, the increment of ESRD in PLWHIV is progressing, 

increasing the burden on health service providers.  PLWHIV population must not be excluded from dialysis 

or transplantation because of HIV. 

 

Ethical Statement. 

This is a review article, and there Is not any animal or human subjects were used. Therefore, there is no 

need for any ethical approval. 
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